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Introduction

1. Introduction and Problems

1.1. Theoretical part and literature

1.1.1 lonic liquid crystals

1.1.1.1. General aspects

lonic liquid crystals (lonic LCs) can be considered as materasbining the
properties of liquid crystals and ionic liquids. elfonic character means that some of the
properties of ionic LCs may differ significantlyofn that of conventional liquid crystdls.

lonic liquids is now a commonly accepted termléw-temperature molten salts. The
low vapour pressure of the ionic liquids as wellnaiscibility with water and other solvents
makes ionic liquids good candidates as solventsriranic reaction$.Properties of ionic
liquids can be controlled to a large degree byatem of cation and the anion. The effect of
the altering the anion has been quite widely ingastd. Increasing the size of the anion
gives rise to a reduction in the melting points salts through reduction of Coulombic
attraction contributions to the lattice energy loé ttrystal and increasing charge-transfer of
the ions. The size and shape of the cation alsp @aimportant role in determining the
melting points of the salts. A large range of iohguids form liquid-crystalline phases by
increasing the amphiphilic character of the aromatiit and by substitution with longer alkyl
chain?

Liquid crystals are partially ordered, anisotrofiigids, thermodynamically located
between the three dimensionally ordered crysta stad the isotropic liquitiThere are two
classes of liquid crystals: thermotropic phasesctviticcur by heating, and lyotropic phases
which are induced in the presence of a solvent.Soompounds exhibit both thermotropic
and lyotropic phases, as in the case of amphotmopiecules. Thermotropic liquid crystals
can be enantiotropic, in which the liquid crystaliphase occurs in heating and cooling, and
monotropic, in which the mesophase is observed onlgooling. Typical candidates for the
formation of liquid crystals may be ionic liquids.

lonic liquid crystals still represent a relativelymall class of molecular and
macromolecular species, although alkali metal sati$ long-chain alkanoates were among

the first thermotropic liquid crystals studied bpaandef.
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lonic liquid crystals are suitable to design atngpic ion-conductive materials
because they have ions as charge-carriers andtrapisostructural organization. Potential
new applications may arise by combination of tlaiisotropic structural organization with
optical and (photo) electrical properties of ligisorbing molecular units.

Thermotropic liquid crystals are classified acoogdto their chemical structure in
calamitic for rod-like molecules, discotic for diBke molecules and sanidic for brick- or
lath-like molecules. The thermotropic phases arméal from a rigid aromatic core which can
be rod-like (or calamitic) and disc-like (or disicdtand to which flexible chains are attacted.
In the nematic phase, the molecules tend to aligmselves parallel to each other with their
long axis parallel to a preferential direction (Ny). Rod-like molecules also form smectic
phases (SmA, SmC,...) in which the molecules arenge@d in layers while the discotic
molecules form columns which aggregate to colunmeanatic (No) and columnar hexagonal

or rectangular phase (GpICol).” A representation of some possible mesophasesés g

Scheme 1.
00000 000000 000200 S
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300090 1000000 10200900 [%
0000 900000 000000
N SmA SmC Ng Necol Col,

Scheme 1.Schematic representation of some phases whictfoanged by rod-like and disc-like
molecules: nematic phase (N), smectic A phase (Srafectic C phase (SmC) and by disc-like
molecules respectively: discotic nematic phasg),(Bolumnar nematic phase ) and columnar

hexagonal phase (Gl fi: preferential direction, called “director” tife phasé.

Lyotropic phases are formed by molecules with lamoead group, which can be ionic
or non-ionic, and a flexible liphophilic chain. Sustructure is also typical for tensides. The
formation of lyotropic phases is caused by the sdmen of hydrophilic polar and
hydrophobic non-polar parts of the individual molles and depends on the molecular
structure of the molecules, solvent, concentragiod temperature.

The self-organization of the amphiphilic molecules water, with formation of
micelles or lyotropic LC phases, is driven by epyrehanges in the aqueous phase, the so-
called “hydrophobic effect®.

lonic liquid crystals can have also surfactastirface active agents) or tenside
properties. By aggregation of the surfactant morremi& water different aggregate

morphologies including micelles, vesicles doublgefa (L,) and inverted structures can be

2



Introduction

formed.At low concentration, below the critical micellerm@ntration cmc, ionic surfactants
behave as simple electrolytes. Above the criticadeite concentration (cmc for spherical
micelles and cwmc for worm-like micelles, simplérés) the monomers assembly to form

aggregate$ A illustration of the most important lyotropic s is given in Figure 1.

D

IH “ cubic
Columnar Inverted
phases
Bicontinuous
cubic
Hydrophobic
part
Lamellar
| SN
Hydrophilic
part Bicontinuous
cubic
Columnar Normal
phases
Discontinuous
] % (micellar)
I cubic
Figure 1. lllustration of the major lyotropic liquid crystade phases (land |, — cubic and inverted

cubic mesophases of spherical micellesaitl H, — hexagonal and inverted hexagonal phasesnd/
V) — bicontinuous cubic and inverted bicontinuousicythases; L.— lamellar mesophase with alkyl

chains in the molten state.

The driving forces for the formation of ionic L@se hydrophobic interactions of the
alkyl groups and ionic, dipole-dipole, catiannteractions as well asn stacking of the core
groups® Therefore, the properties and stabilities of L@g#s should depend on the relative
contributions of these interaction forces, depegdon the structure of the individual

molecule from each series.

1.1.1.2. Pyridinium salts

In 1938 Knight and Shalweported the first liquid crystalline pyridiniunalides with
alkyl chainsn between 12 and 18 carbons and chloride and iaid®unter ions as well as a

Cy2 pyridinium salt with a bromide anion. The clearipgint temperatures decrease on

3
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increasing the size of the anion in order chlordbromide > iodide, whereas the melting
points were less affected by changing the coumter The mesophase type of the salts was
not identified. Later on, investigations dwhexadecyl-pyridinium chloride indicate the
formation of the SmA phadé.

Changing the anion with hexafluorophosphate resalthe formation of SmA phases
for the N-alkyl-pyridinium salts with alkyl chaine = 16, 18 (Figure 2a). Substitution of the
methyl group on the 4-position of the pyridiniumgj compounds [E4-Mepy][PF], lowers
the melting points and reduces the stability ofrtiessophase relative to pyridinium salts-[C
py][PFs]. The salts withn = 16 and 18 carbon atoms in the alkyl chain dispaly
monotropic SmA phases, while salts withix 16 do not show any liquid crystalline phases.
Substitution of the methyl group at the 3-positairthe pyridinium ring, compounds [E3-
Mepy][PF], indicates the formation of the enantiotropic Spi#ase when the alkyl chainns
= 18. The salt witlm = 16 shows a monotropic behaviour over a temperaange of 3 °C*
Substitution of the methyl group at the 3-positiohthe pyridinium ring increases the
tendency of formation of SmA phases related to therespondingN-alkyl-4-methyl-
pyridinium hexafluorophosphate salts,{&Mepy][PF].

CHs
@/ @/ @/
H-(CHo)a— N/ H-(CH2)a— N /—CHs H-(CH)ai~ N/
p|:g9 n=12, 14, 16, 18 p|:g9 n=12,14, 16, 18 PF6® n=12, 14, 16, 18
[Cn-py][PFe] [C-4-Mepy][PF] [Ci-3-Mepy][PR]
500, 100+ -
180) —* T . §90 T, 0] " T //:
5 150 e T Iso / gso SO /‘ o ol —e—T, Iso /
g / g . e /"1 smA
T 140 & SmA £ 0] — 8 70 _—
3 4 Cr 3 c
5 120 /' Cr 60/ / § 601 / r
: ‘ ‘ ‘ 50 ‘ ‘ ‘ ‘ 50 ‘ ‘ ; ‘
a) 10 12 14 16 18 b) 10 12 14 16 18 c)10 12 14 16 18
Alkyl chain length (n) Alkyl chain length (n) Alkyl chain length (n)

Figure 2. Transition temperatures T (°C) as a function ef alkyl chain lengthn), on heating, for a)
[Ch-pY][PFs] b) [Ci-4-Mepy][PR] ¢) [C,-3-Mepy][PK], h = number of C-atoms in the alkyl chain, Cr
— Crystalline state; SmA — Smectic A phase; Issatrbpic liquid state; J— melting temperature; . T
— clearing temperatur®.

Changing the counter ion from hexafluorophosphatéromide, compounds [&}-
Mepy][Br], enantiotropic SmA phases for the saltishw = 16, 18 (Figure 3a) are induced,
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indicating the significant influence of the couniens on the LC behaviotfr The stability of
the mesophase increases with increasing alkyl deagthn.

Increasing the polarity of the salts by replading methyl group with a cyano group
reduces the mesophase temperature range due twraase of the melting points (Figure
3b)*? In the case of non-ionic thermotropic liquid calst usually the presence of cyano
group enhances the liquid crystalline propertied arcreases the mesophase temperature

range™® A partially bilayered SmB phase was found féthexadecyl-4-cyano-pyridinium
iodide™*

H—(CH2)H—®NC/>*CH3 H—(CHZ),1—®NC/>*CN H-(CHz)n—®NC/>—©*CH3

BI’G n=14, 16, 18 Bp n=14, 16, 18 Bp n=12, 16, 22
. 2107 _a_ e
1800 T | T, Iso oo T, Iso
4 A
160 m S0 . 2041 — e T, —e— T, _—
S L e O | a7 _— SmA
o g 198 ~—SmA @ 1601 ¢
5 SmA 2 e . = 2
§120 S 102 e I SmG
sy . [3] e Cr B [y
8100 7 £ = g 1201
E - = 8 186 = k2 .
/// n r -« ///-
Te0) 180 oof c
a) 14 15 16 17 18 p)y 4 15 16 17 18 C) 12 14 16 18 20 22
Alkyl chain length (n) Alkyl chain length (n) Alkyl chain length (n)

Figure 3. Transition temperatures T (°C) as a function ofdlkgl chain lengthrf), measured by DSC
on heating, for aN-alkyl-4-methyl-pyridinium bromide salts -alkyl-4-cyano-pyridinium bromide
salts c)N-alkyl-4-(p-tolyl)-pyridinium bromide salt¥* **

15
|

Tabrizianet al.” compared the thermotropic behaviourNshlkyl-(4-methyl or 4-(p-

tolyl)-pyridinium bromides with alkyl chain lengtimsfrom 12 to 22 (Figure 3c). The clearing
temperatures are similar for both series, for #rmaesalkyl chainr{ = 22), indicating that ionic
forces are primarily responsible for maintaining tayered structure of the compounds up to
high temperature. Elongation of the ionic head groma 4-phenyl-pyridinium unit induces
the formation of a more ordered mesophase, idedtds SmG.

Smectic phases were also found fralkyl-pyridinium and N-alkyl-3-methyl-
imidazolium salts having chloride, tetrachlorocadi@ (1) and tetrachloronickelate (I1)
counter iong?

The effect of the branching on the 4-positiontd pyridinium unit was investigated
for 1-methyl-4(Gz-alkyl)-pyridinium iodide$’ and showed that the alkyl chain branching

near the head group lowers the clearing points tanal small extent, the melting points.
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The suggested arrangement for the SmA phase ofNakyl-pyridinium salts is

presented in Figure 4, in which the anions aretposid between the aromatic rings in an

interdigitated structurg’ 1> %1718

Figure 4. The propose interdigitated structure of the SmAgehofN-alkyl-pyridinium derivatives™"
14,15, 16,17, 18 (organic moieties are represented by rectanglkgl, ethains by black lines and counter

ions by circles).

Most of the salts can also form lyotropic liquidystals™® N-alkyl-pyridinium
chlorides with alkyl chain® between 10 and 14 carbons form cubic phasesn(iwater,
while the bromides with alkyl chaimscontaining 18 and 20 carbons have a similar belavi
in formamide®

Formation of lyotropic liquid crystalline phasesasvalso observed for different
branched 1-alkyl-4-(G-alkyl)-pyridinium halides*?® The branching of the 4-¢galkyl)
group and the hydrophobicity of the alkyl chainseted to the nitrogen lead to the formation
of spherical micelles, rod-like micelles or vesgle

The effect of the counter ion on the micelle fotioa was investigated for 1-methyl-
4-n-dodecyl-pyridinium surfactanfslt has been suggested that the degree of coumrer i
adsorption is inversely proportional to the effeetiadius of the hydrated iGh.

Most of the investigations were carried out onigigium derivatives with a single
aromatic core. Therefore, investigations on pyridimderivatives with an elongated aromatic
unit are of interest because the introduction e additional forces may have an influence on
the liquid crystalline behaviour.

1.1.1.3. Stilbazolium salts

In the case of stilbazolium type compounds, Figuka and b, besides ionic
interactions, the formation of liquid crystallindhgses should also be influenced by much
stronger dipole-dipole interactions, for instange ibtroduction of hydroxy and methoxy
groups at the 4'-position of the stilbazolium ureports in the literature are spare and
controversial. Therefore, more investigations oilbazolium type compounds would

contribute greatly to a better understanding oir thehaviour.

6
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Kosaka et af® investigatedN-alkyl-stilbazolium salts having an electron acaept
NO, group at the 4'-position of the stilbazolium hegup. These compounds, with a
bromide counter ion, have a relatively narrow mésge temperature range. The melting
temperature shows an odd-even effect on variatiahe alkyl chain lengtm from 5 to 10
carbon atoms (Figure 5a).

Replacing the bromides with chlorides the saltsash large temperature range of the
SmA phase (Figure 5b). The iodide salts witk 10 do not display any liquid crystalline
behaviour. Thus, the counter ions play an importaté in formation of liquid crystalline
phases.

The introduction of cyano and methoxy groups i@ #+position of the stilbazolium
unit indicates that the salts wigtlkyl chainsn between 6 and 10 carbons do not form liquid

crystalline phase®

1904

o 2407 —u—T
- T, Iso / m Iso .

_ 10 o T .
9 c e m G 291 © ow
s 170 .~ = SmA 2 o
% // \ % 180 SmA
= / g e &=\ / NO,
5 ] 2 £ 1504 . H-(CH N
2 150 — Cr 8 ./Cr ( 2)h_ N /

“wo -

DT i@ m) Sos T8 8D O x= Br, CI'

X

b
Alkyl chain length (n) Alkyl chain length (n)
n=5-10

Figure 5. Transition temperatures T (°C) as a function ef atkyl chain lengthn) a) for N-alkyl-4'-
nitro-stilbazolium bromides b) fa¥-alkyl-4'-nitro-stilbazolium chlorides.

A dialkylamino group attached at the 4'-positidntlte stilbazolium core and alkyl
chains between 14 and 18 carbon atoms attachduetpyridinium ring result in salts that
show a reduced tendency for formation of SmA phaseke case of bromidé&Replacing
the bromides by the bulky tetralisdikenato)lanthanide (lll) anions, the compoundsndo
display liquid crystalline properties, in contréstresults obtained by other authdts.

These examples indicate the influence of the BsStwents at the stilbazolium core on

the liquid crystalline behaviour.

1.1.2. Merocyanine dyes

1.1.2.1. Supramolecular behaviour

Highly organized dye assemblies are crucial fa #&mergy- and electron-transfer

reactions in photochemistry and are also importanadvanced functional organic materials

7
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for electronics and photonié§ Dye assemblies can be formed through various oealent
weak forces, including hydrophobic, electrostatigdrogen-bondingg-n stacking as well as
coordinative interaction¥ Most of the dye assemblies give columnar liquidstaline
phase® ' or organogef§*°in the presence of solvents. Nevertheless, rdtmarol of dye-
dye interactions in supramolecular architecturesilisa difficult task.

Merocyanine dyes dfl-methyl-4'-oxy-stilbazolium type have a very simifaolecular

structure compared with stilbazolium salts formir@ phases, see Figure 5.

©
@@f@o
CH—N_

N-methyl-4'-oxy-stilbazolium dye

So, one can assume also the existence of LC-pHiasenerocyanines with structures
derived from the stilbazolium compounds. This dtmieed similarity may bear the chance for
the synthesis of self-organized merocyanines agrqtblymethines shown in Scheme 2.

Polymethine dyes have attracted attention becalueir use as sensitizers in colour
photograph§* and because of their extreme hyperpolarizabilityicw makes them good
candidates for nonlinear optfé° The term “polymethine dyes” was introduced by K8h

in 1922, and includes the cationic cyanine dgeshe anionic oxonol®€ and the dipolar

merocyanines (Scheme 25 °*
® ®
RZN/MNRZ %MO RZNMOCS
a b c

Scheme 2General electronic structure of cyanine dgesxonols dyed® and merocyanine dyes”®

Dyes used in any technical application mostly asntaromatic groups to increase
attractiver-n forces. In the case of these organic dyes thendyiforces for self-organization
are attractive interactions betweensystems, leading to the formation of stacks of
molecules? Therefore, the non dipolar merocyanine dyes dbablium type are good
candidates for aggregate formation. They have ldigele moments giving an antiparallel
orientation of the stilbazolium unit which may le&nl the formation of aggregates. The
spectral properties of these dyes are known tottmngly affected by their aggregation
behaviour, and extensive efforts are being madmidrol the mode of dye aggregation and
especially the structure-aggregation relation.
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The aggregation of the polymethine dyes was dis@l/by Scheiié and Jelley and
it is a reversible process which depends on thecdyeentration, the solvent and temperature,
being influenced also by the salt effect.

Wiirthneret al*® investigated the spectral properties of a merdogadye attached to
a tris (n-dodecyloxy)xylylene unit. Due to the hidipolarity of theMC dye, the electrostatic
interactions are the dominant driving force for @ggtion and leads to the formation of

dimers with antiparallel dipole moments in solution

A well-defined isosbestic point at 523 nm indicatthe presence of two-state

equilibrium between the monomer and the D-banduié®).

120 1
C12H250

Ci2H250

o
o
1

C12H250

Figure 6. Concentration dependence in UV/Vis absorption speaf the merocyanin®C dye in

trichloroethene. The arrows indicate changes uporeasing concentration from 3 x 1ol I'* to 4.3
|—1.4O

x 10° mol

Besides the formation of the dimers which absdristerter wavelength than the
monomer, there are other two types of aggregatasacterized by typical absorption bands:
H-aggregates with a hypsochromic shift to shortavelength, and J-aggregates with a
bathochromically shifted absorption band (to longe&velength) relative to the monomer
band depending on the angle of slippagdyetween successive molecular planes, (whése
the angle between the line-of-centres of a colustacking axis, of dye molecules and the
long axes of any one of the parallel molecules)eWh> 54° gives a hypsochromic shift, so
called H-agregates, white< 54° results in a bathochromic shift characterisfiJ-aggregates
(Scheme 3y°



Introduction

[ >
U U U aggregate axis

H aggregate J aggregate

Scheme 3.Schematic representation of different type of pwthine dye aggregate structures in

solution.

Experimental investigations of ionic cyanine dyesealed that the formation of J-
aggregates is concomitant with the formation ofraowlecular lyotropic liquid-crystalline
phases with nematic or smectic order.

Merocyanine dyes of stilbazolium type with long ydlichains may be also good
candidates for thermotropic liquid crystalline belbar. The simpleN-alkyl-4-methyl-
pyridinium salts with long alkyl chain®, which are intermediates for preparation of
stilbazolium type compounds, display liquid cryttel phases on heatirfg'® For pyridinium
derivatives the driving forces for the formationliofuid crystalline phases are hydrophobic
forces between long alkyl chains and ionic intecad in ion pairs. Elongating the aromatic
unit to stilbazolium type compounds introduces ragjer dipole-dipole interactions which can
influence the formation of liquid crystalline phase&Jntil now thermotropic behaviour of

merocyanine dyes is not known.

1.1.2.2. Spectral properties

Merocyanines do show very interesting spectral@matochemical behaviour. Besides
the possibility of aggregation, merocyanine dyes sensitive to solvents showing large
solvatochromic effect™® In acidic or basic medium the dyes can undergdopadion-
deprotonation reactior’$.The presence of the C = C double bond betweeartmaatic rings
creates the possibility @is-transisomerization, as is known for stilbene compoufid.

The extraordinary sensitivity of the electroni@spa of these compounds to solvent
effects permits their use as sensitive probes lgésopolarity®® The first solvatochromism of
merocyanine dyes was reported by Brooker in 185the termsolvatochromisnis used to
describe the pronounced change in position (andesores intensity) of the UV/Vis
absorption band that accompanies a change in taeitgoof the medium. A hypsochromic
(or blue) shift with increasing solvent polarity usually namedegative solvatochromism
while thepositive solvathochromisorresponds to a bathochromic (or red) Shift:methyl-

4'-oxy-stilbazolium dye exhibits one of the largikisbwnnegative solvatochromieffect, Amax

10
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= 620 nm in chloroform at 442 nm in water, connéatgth a concomitant reduction of the
extinction coefficient emax as the solvent polarity increases. This stronggative
solvatochromismwas shown to be linearly correlated with the Dithrparameter Efor
solvents with E> 36%° The electronic transition of stilbazolium betaisessociated with an
intramolecular charge-transfer between donor awég@or group, producing an excited state
with a dipole moment appreciably different fromttbéithe ground stat®.

N-methyl-4'-oxy-stilbazolium dye have a similar stwe as 2,6-diphenyl-4-(2,4,6-
triphenylpyridinium-1-yl)phenolate, which is a stmd compound for investigation of

solvatochromic behaviour.

The largest solvatochromic effect was observed pignidinium N-phenolate betaifiz A
solution of this betaine changes the colour frothiremethanol to yellow in anisole, thus comprising
the whole visible region. The large solvent shiftlis dye has been used to introduce an empirical

parameter of solvent polarity, nameg(3) value, which is defined as the transition gpesf the

=
©
PBQ®

0o

dissolved betaine dye measured in kcal ol

2,6-Diphenyl-4-(2,4,6-triphenylpyridinium-1-yl)phelate

The similarity is only formal. Pyridinium betainésaving an even number of methines are
assigned as charge-transfer systems in contrasiymethines with an odd number of methines.

Another parameter, Z was introduced by Kos&veor 1-ethyl-4-(methoxycarbonyl)
pyridinium iodide which exhibits a negative solv@icomism. In this case the long wavelength band
of the ground state ion pair complex correspondatintermolecular transfer of an electron from the
iodide to the pyridinium ion with annihilation oharge during the transition. The Z parameter was

defined as the molar transition energy, i kcal/mol according with the relatiGn®’

Er/(kcal/mol) = h ov Na = 2.859 1G v' /emit = Z

11
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where h is Planck’s constant, c is the velocitlight, v' is the wavenumber of the photon which
produces the electronic excitation, angdislthe Avogadro’s number.

Therefore, it is of interest to investigate thedml properties of the pyridinium salts due to
the presence of the intermolecular charge-tranatewell as of stilbazolium compounds with diffaren

alkyl chains which have an additional intramoleculaarge-transfer.

1.2. Introduction of the synthesized and investigadd compounds

Merocyanine dyes are known as thermotropic ligeigstals only when they have
attached to aromatic core large substituents whlohe do form thermotropic LC phases.
Such compounds act like a covalently bound hosstopeir®®

A new concept to overcome the strong dipole-didokees in merocyanines is the
introduction of branched alkyl-substituents of twiifferent types:N-(2,2-dialkyl-ethyl)
substituents and secondayyalkyl chains, compound8a — eand13a — grespectively. The
introduction of the methoxy and hexyloxy groupstbe 3'-position of the stilbazolium core,
compound¥ and9, should also reduce the strong dipole moments.

In the same context is the reduction of the dastoength from the oxygen in the
merocyaninesl5, by protonation or alkylation, saltssh — n 16a — fand17a — f Both
reactions will reduce the dipole momentsto lower values, creating the possibility of
obtaining thermotropic LC phases, as is known ffavastilbazolium compound$®

Some of the intermediate compoundsNaalkyl-4-methyl-pyridinium saltsl4 with
long alkyl chainsh will form LC phases. Therefore, their propertiali e also investigated.

In the course of structure-property relations wsyethesized and characterized two
series of 4-phenyl and 3-phenyl-substitutedlkyl-pyridinium salt21a — jand22a — fto get
informations about the dimensional influence of #mematic core on the LC-properties of
these compounds. The influence of the counter mmd of the alkyl chains on the LC
behaviour as well as on the spectral propertielsbeideeply discussed.

Compared with pyridinium derivatives, stilbazoliumompounds exhibit much
stronger dipole-dipole interactions in additiorthe ionic forces. Therefore, it is of interest to
investigate the structure-property relationship wieetnh pyridinium derivatives and
stilbazolium halides with long alkyl chains.

N-alkyl-pyridinium ions will show mainly Coulombicofces. 4-Phenyl and 4-styryl
substituted pyridinium ions should have additionbhrge-transfer forces. Introduction of
hydroxy, methoxy and oxy substituents on the 4itwrsof stilbazolium unit may increase

the dipole moments, dominating the intermolecutacés.

12
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UV/Vis spectroscopy has been utilized to inveségae aggregation behaviour of the

pyridinium and stilbazolium compounds in solutias, well as the influence of the different
substituents attached to the pyridinium ring ongpectral properties.

The general structure of the synthesized and ima#ed compounds is presented in

the following scheme:

H-(CHz)n_CaNC/>7CH3

n=1-22
©

l4a-n X=Br, I’

@ p—
X

21a-j  n=16,18,20,22

X = Cl-, Br_, |_, BPh4_, C7H8803-

H- (CHZ)—N\ /5

© 5

, 18, 20,22

22a -f Br, I

=Br, I’
14 - 22

3><®

R:=OH 15h-n
OCHj, 16a-f
H 17a-f

H-(CHz)zz N:\ />

H- (CHZ)n >

15a-g9 n=1-
H- (CH2 A :
(CH2)n-H
6a-e

n=3,5,8, 10,12

@
H- (CH2 _ C /

(CH2)p-H

=3,8
7,9
= OCH 3, OC6H13

H-(CH,) QI@
H- (CHZ)

13a-g n=1,2,4,56,7,9

H-(CHo)7zz N: >

Scheme 4General structure of the synthesized and invastigeompounds) — number of C-atoms

in the alkyl chain.



Results

2. Results and discussions

2.1. Synthesis

In this chapter will be presented the synthesihieN-alkyl-4-methyl-pyridinium salts
14a — n N-alkyl-4-phenyl and 3-phenyl-pyridinium saB4a — jand22a — frespectivelyN-
alkyl-4'-substituted-stilbazolium saltsbh — n 16a — f 17a — fand merocyanine dyes of
stilbazolium type with different alkyl chainda — ¢ 7, 9, 13a — gand 15a — g The full
procedures including the analytical data are pteseim Experimental Part (chapter 4). The
structure of compounds was identified 1y and**C NMR-spectroscopy, mass spectroscopy

and elemental analysis. The new compounds aredsignan asterix.

2.1.1. Synthesis of merocyanine dyes

Stilbazolium dyes witiN-(2,2-dialkyl ethyl) chains, secondary alkyl and éomparison
normal alkyl chains attached to tNeposition of the stilbazolium unit were synthesizedhe
following procedures, in which the most importatgpsis the condensation of pyridinium
salts with 4-hydroxy-benzaldehyde.

For preparation of stilbazolium dyés — ewith N-(2,2-dialkyl ethyl) substituents, the
corresponding picolinium bromide salts were utidizéor condensation with 4-hydroxy-
benzaldehyde.

Compoundsta — ewere prepared according to Scheme 5 by the faligyarocedure:
the first step was the double alkylation of dimétiglonate in the presence of sodium
methanolat using a modified procediir® get the dialkylated diestets — d The key step
for the formation ofla — dis to obtain the monoalkylated diesters whichakglated again
with n-alkyl bromides by using a longer reaction timeeTiext step was the formation of
dialkylated monoester8a — din the presence of lithium chloride and dimethylfaxide™
which were converted to the corresponding alcoBals- dusing lithium aluminium hydride
as catalyst and dried diethyl ether as solvent. dleehols were converted in the bromo
compoundsda — ein the presence of phosphorous tribromide. Brositie — b with short
alkyl chains were purified by water steam distilatwhile the compounds with long alkyl
chains were purified by column chromatography.

4-Picolinium salts withiN-(2,2-dialkyl ethyl) substituents were obtaineddslylation
of 4-picoline with bromideda — ein nitromethane (Scheme 5).
14
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O O O (@]
MeONa
\OMO/ + 2H-(CH2)n-Br - \OMO/

H-n(H2C) (CHy)y-H

n=3,5,8,12
la-d

o o 0 _
\O%O/ _ter \O)Y(CHZ)WH LiAlH, - 1o (CH2)y-H
H--(H-C) (CH,).-H DMSO diethyl ether /T

n(H2C) (CHa (CHo)rH (CHo)yrH
2a-d 3a-d

o /\f (CH,),-H PBrg Br/T(CHz)n-H

(CH2)n-H (CHy)p-H

4a-e

N

CHo)n-H - N CH

Br/T (Cht N/\\:/>—CH3 _ CHNO, H-(CHz)n—( /T
( ©

H)-H (CHz)p-H  Br

Hfa-e

Comp. 5a* b5b* 5c* 5d* 5e*
n 3 5 8 10 12

Scheme 5Synthesis oN-(2,2-dialkyl ethyl)-4-methyl-pyridinium bromidesa — e

N-(2,2-dialkyl ethyl)-4-methyl-pyridinium bromide ksi\5a — ewere converted to the
corresponding dyeSa — eby Knoevenagel condensation with 4-hydroxy-beretayde in the
presence of piperidine and dry ethanol to give dbeesponding stilbazolium salts, which
were deprotonated using an aqueous solution of KOH.

The dyes with long alkyl chains are not solublenviater therefore the deprotonation
procedure was made using a mixture of KOH soluttowater and methylen chloride and
stirring over night at room temperature, followeyl éxtractions with methylen chloride. A
serie of stilbazolium dye6a — ewith 8, 12, 18, 22, 26 carbons in the lateral nhavere

synthesizedScheme 6).
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Do e oY aTas
H-(CHz)n—( N/ 3 __piperidine H(CHz)n—( N/

(CH,),H Br ethanol (CHy),-H Br®
©)
C /—< >* ®< > // < > O
H(CH2n H(CHZ)n—( 7
(CHy)n-H Br (CHp)-H

Comp. 6a* 6b* 6¢* 6d* 6e*
n 3 5 8 10 12

Scheme 6Synthesis oN-(2,2-dialkyl ethyl)-4'-oxy-stilbazolium dyea — e

Dyes7 and9 were obtained by the same route using for condiensa-(2-propyl)-
pentyl-4-methyl-pyridinium bromid&a and 4-hydroxy-3-methoxy-benzaldehyde to gh«e
(2-propyl)-pentyl-4'-oxy-3'-methoxy-stilbazolium ely. The substitution of 1-bromohexane
to 3,4-dihydroxy-benzaldehyde in the presence dhgsmum hydroxide will lead to the
formation of 4-hydroxy-3-hexyloxy-benzaldehy@8é*

N-(2-octyl)-decyl-4'-oxy-3'-hexyloxy-stilbazolium €y9 was obtain by condensation
of 5¢ with 4-hydroxy-3-hexyloxy-benzaldehyd®in the presence of piperidine and ethanol
(Scheme 7).

OCH;
OCHj o
= &=\ / ©
Ny , —CHs OHC OH  piperidine N/
H-(CH,)3 o + ethanol H-(CH2)3
(CH2)3'H Br (CH2)3-H *
OH OCgHys
KOH
OHC OH + CH3-(CHp)s5-Br — > OHC OH
ethanol
8
OCgH13
OCgH13 O
QCH O W)
3 OHC OH iperidine
H-(CHZ)B—( / p E | H- (CH2>8—( /
t
(CHp)g-H Br ethano (CHp)g-H 9

Scheme 7Synthesis oN-(2,2 dialkyl ethyl)-4'-oxy-3'-alkoxy-stilbazoliumlyes7 and9.
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A next serie of dyed3a — g not known in the literature, were synthesizedrfrihe
corresponding salts2a — gand 4-hydroxy-benzaldehyde (Scheme 8). The fiegi was the
preparation of the alcohola — eby Grignard reactiof® Secondary iodo-compoundda —

e were synthesized from the corresponding alcohslsgured phosphorous and iodine. A
good control of the temperature at 80-85 °C is regudue to elimination of the HI and the
formation of olefins at higher temperatures.

Compoundl1b was obtained by anoth@roceduré® using orthophosphoric acid and
potassium iodide. Before mixing the potassium ied&hd the alcohol, the orthophosphoric
acid solution was cooled to room temperature, @ttser evolution of hydrogen iodide and
formation of iodine take place. The reaction waatée up to 100 °C for 30 h. In order to
increase the yields and to avoid elimination thecpdure with iodine and red phosphorous
was preferred.

Salts12a — gwith N-secondary alkyl chains were synthesized by allighabf the
corresponding iodide compoundi$ with 4-picoline in nitromethane.

H-(CHy),-CHO + CHa-(CHy),-Br — M9 » H—(CHz)n-|CH—(CH2)n-H

diethyl ether
OH

10a-e

Comp. 10a 10b 10c 10d 10e
n 4 5 6 7 9

HH(CH - CH-(CH H— 12— HH(CHo) CH-(CHo) - H
OH red phosphorous |
lla-e
H-(CH2)5-$H-(CH2)5-H — H'(CHz)s'?H'(CHz)s'H
OH HaPO,
11b
— CH.NO H-(CH,
H'(CHz)n'FH'(CHz)n-H + NC/>*CH3 § -2 o >* C/>*CH3
| -(CH;

12a g

Comp. 12a 12B 12¢ 12d 12¢ 12 12¢
n 1 2 4 5 6 7 9
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©
H-(CHpn @/=— — o H-(CH,) — (@)
NN )ty +omooN o BReridne | TN [T/ »
H-(CHz) ethanol H-(CHz)
©

n n

I 13a-g

Comp. 13& 13b* 13c¢c 13d* 13e¢ 13f 13¢
n 1 2 4 5 6 7 9

Scheme 8Synthesis of secondaNralkyl substituted-4'-oxy-stilbazolium dy&8a — g
2.1.2. Synthesis oN-alkyl-4'-substituted-stilbazolium compounds

For comparison, stilbazolium compountsa — nwith n-alkyl chains at the nitrogen
atom were synthesized starting with the quatenoisatsingn-alkyl bromides and iodides
respectively of 4-picoline, followed by condensatiof the salts 4a — r) with the
commercial available 4-hydroxy-benzaldehyde (Schejié

H-(CH,)-X + NC/>7CH3 _— H-(CHz)n_GL)NC/>7CH3

l4a-n
©
— — ¢)
H-(CHz)n_NC/>*CH3 + OHCOOH % H-(CH2R N,
X@ KOHaq 15a - g

®/— S &=\ O OH
H-(CHN,  )—CHy + OHC oH —RIpendne o pchy)N

x® 15h-n

Comp. 15a 15b 15¢ 15d 15e 15f 15g 15h 15i 155 15k 151 15nt 15n
n 1 3 4 5 6 8 9 14 16 16 18 18 20 22

X - - - - - - - Br Br | Br | Br Br

Scheme 9Synthesis oN-alkyl-4'-oxy-stilbazolium dyed&5a — gandN-alkyl-4'-hydroxy-stilbazolium
salts15h —n
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Stilbazolium saltd6a — fand17a — fwere obtained by the same routel&a — n by
condensation ofN-alkyl-4-methyl-pyridinium salts with 4-methoxy-besidehyde and

benzaldehyde respectively (Scheme 10).

— — R
® peridi &=\ /
H-(CH2) N, )—CHj + OHC R % H-(CHA N/
O NS
R: OCH16a-f
H 17a-f
Comp. 16& 16b 16¢c 16d 16e 16f*
Comp. 178 17k 17c 17d 17¢ 17
n 14 16 18 18 20 22
X Br Br Br I Br Br

Scheme 10Synthesis oN-alkyl-4'-methoxy-stilbazolium salts6a — fandN-alkyl-stilbazolium salts

17a — frespectively.

N-docosyl-4'-nitro-stilbazolium bromid&9 was synthesized by alkylation of 4-(4-

nitro-styryl)-pyridine 18 with 1-bromodocosane and using as solvent diméditryhamide

(Scheme 115

N_ CH. + OHC NO acetic anhydride
\ / 3 2 > N\ /

H-(CHy)0-Br + >— T 7 H-(CHp) N : >

*

y NO,

Scheme 11Synthesis oN-docosyl-4'-nitro-stilbazolium bromidko.

Compound 20 was prepared by condensation of 1-docosyl-4-magifgtlinium
bromide with 4-dimethylamino-benzaldehyde in thesgnce of piperidine and ethanol to

give N-docosyl-4'-dimethylamino-stilbazolium bromi@8 (Scheme 12).

CH3
N
iperidine _® / \
H-(CH,)z N C/>*CH3 + om@— othanol~ H-CHZ N CH3

Bre 20

Br
Scheme 12Synthesis oN-docosyl-4'-dimethylamino-stilbazolium bromiae.
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2.1.3. Synthesis olN-alkyl-4- and -3-phenyl-pyridinium salts

New series ofN-alkyl-4- and -3-phenyl-pyridinium compound&l and 22 were
synthesized by alkylation of 4-phenyl-pyridine oipenyl-pyridine in toluene with the
commercial available-alkyl halides to giveN-alkyl-4-phenyl-pyridinium salt@1a — jandN-
alkyl-3-phenyl-pyridinium halide®2a — f(Schemes 13 and 14).

Salts21f, h, i andj were obtained by a modified ion exchange procedtirem 21g

Dowex ion exchange resin, NaCl or Nal, NaBRtyHsSO;H and methanol as a solvent.

— toluene @/
H-(CHp)p-X  + N\ / - H'(CHZ)n_NC/>_©

Comp. 21& 21b* 21c¢ 21d 21e¢ 21fr 21gr 21k 21§ 21j*
n 16 16 18 18 20 22 22 22 22 22
X Br I Br I” Brr CI° Br I°  JBPhGHgSO;
Scheme 13Synthesis oN-alkyl-4-phenyl-pyridinium salt@la — j
— toluene ®/—
H-CHyn X + Ny ——> H(CHr N

'S

Comp. 22& 22b¢ 22¢ 22d 22¢ 22f
n 16 16 18 18 20 22

X Br I Br I Br Br

Scheme 14Synthesis oN-alkyl-3-phenyl-pyridinium salt®2a — f
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2.2. Properties ofN-alkyl-4- and -3-substituted-pyridinium salts

N-Alkyl-4-methyl-pyridinium saltsl4h — n N-alkyl-4-phenyl-pyridinium salt21a — |
andN-alkyl-3-phenyl-pyridinium salt22a — fwith alkyl chainsn > 14 have been investigated
by polarizing microscopy, differential scanningarahetry, X-ray measurements as well as
atomic force microscopy and UV/Vis spectroscopye Tifluence of the alkyl chain length
counter ions and of the different substituentscagd to the pyridinium ring on the liquid
crystalline properties of the compounds has beeestigated. Because some of the salts have
also surfactant behaviour, their properties in agsesolution have been studied by
differential scanning calorimetry, isothermal titom calorimetry and atomic force
microscopy. UV/Vis spectroscopy has been utilizednivestigate the spectral properties of

the pyridinium derivatives in solvents with diffatgolarities.

2.2.1. Liquid crystalline properties

2.2.1.1 N-alkyl-4-phenyl-pyridinium salts

N-alkyl-4-phenyl-pyridinium salt21d — i show under polarizing microscopy focal-
conic fan textures with homeotropic regions chamastic for smectic A phase, SmA (Figure
7a).

The transition temperatures and the corresponeliigalpies obtained by differential
scanning calorimetry and polarizing microscopy dompounds21a — jare summarized in
Table 1. The salt®laand21b with n = 16 do not form any LC phases.

Differential scanning calorimetry of compoun®@$e and21g show on heating first a
large-enthalpy transition (melting point) followég two transitions with a smaller enthalpy
change indicating the presence of two mesophaseso@ling from the isotropic liquid, first
the formation of a fan-like texture with homeotmpegions is observed under the polarising
microscope, an indication of a smectic A phase.imduthe second phase transition the
viscosity of the sample increases and a grainyutexis formed (see Figure 7b). A small
transition enthalpy of this phase, in the caseoafipound21eand21g was detected by DSC
on cooling at 122 °C. This mesophase M, appearisg @r compoun®1¢ could not be
identified by X-ray methods, therefore the exacg#htype cannot be assigned and the phase

will be named M.
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Figure 7.a) Fan-shaped texture in the smectic A phaséeitosyl-4-phenyl-pyridinium bromid2ale

at 152 °C on cooling b) Grainy texture in mesophdsef N-octadecyl-4-phenyl-pyridinium bromide
21cat 100 °C on cooling.

The stability of the liquid-crystalline phase afngpound21d — iincreases markedly
with increasing alkyl chain length (see Table 1). The phase diagram of the salts avith
bromide anion is presented in Figure 8. Elongathrgy chain has no large influence on the
melting temperature of the compounds, while tharahg temperature increases drastically.
This may be explained by increasing hydrophobibiktation of the aromatic unit by alkyl
groups. The SmA temperature ramge increases from 22 °C up to 70 °C for the bromides
21le(n = 20) and21g(n = 22).

Iso
175- /‘

150- _
PRty
125
/ k, 8  n=16 18,20, 22
4_/-/0,' 2la,c,e, g

] 8
16 18 20 22
Alkyl chain length (n)

Temperature (°C)
'_\
o
Q

Figure 8. Transition temperatures T (°C) as a function & #tkyl chain lengthn) for N-alkyl-4-
phenyl-pyridinium bromide81a 21¢ 21e 21g

Table 1 also contains thermal data fbalkyl-4-phenyl-pyridinium iodide1b, d, h.

Compared with the bromides, iodides have similaltingetemperatures and generally lower
clearing points with increasing alkyl chain length
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Comp. n X Phase transitions T (°C) AT (°C)
AH (kJ/mol)

2la 16 Br Cr 86 Iso -
49

21b 16 I Cr 83 Iso -
41

21c 18 Br Cr 89 M 114 Iso -
50.5 0.2

21d 18 I Cr 90 SmA 98 Iso 8
51.9 0.05

2le 20 Br Cr 95 M 134 SmA 156 Iso 22
46.8 1.1 0.12

21f 22 cr Cr 72 SmA 213 Iso 141
53.6 1.9

21g 22 Br Cr98 M 109 SmA 179 Iso 70
56.9 0.3 0.7

21h 22 I Cr 95 SmA 161 Iso 66
66.3 0.7

21i 22 B(GHs)s Cr 78 SmA 151 Iso 73
67.2 1.2

21j 22 GHgSO; Cr 94 Iso -
52.6

Table 1. Transition temperatures T (°C) and enthalpd$ (kJ/mol) from Differential Scanning
Calorimetry forN-alkyl-4-phenyl-pyridinium salt21a — j AT (°C) — temperature range of the smectic

A phase.

The anion effect was investigated in more detildalts21f — | having 22 carbon
atoms in the lateral chaid large influence on the temperature range of i\ $hase was
observed when replacing the bromide by iodide, rafdoand tetraphenylborate. Compound
21j with the flat p-toluenesulfonate exhibits no liducrystalline phase. The melting
temperatures of the salts with bromide and iodideres are similar but the clearing
temperatures decrease in the direction CI > Br >BPh , with increasing ion radiug-r
(Table 2). Reducing the size of the anion leada toetter stabilization of the layers, also
supported by observations on CPK models, becausmian with a smaller size is readily
accommodated near the pyridinium cation. When thdidés are replaced with
tetraphenylborate which is composed of four phamjts arranged tetrahedrally and has a

larger size than the halides the clearing temperatacreases. For instance, upon increasing

23



Results

the size of the counter ion from iodidg-@# 0.22 nm, ¢ — ionic radius of iodide) to
tetraphenylborate dgns— = 0.42 nm, gphs— — i0Nic radius of tetraphenylborate) the clearing
temperature decreases by 10 °C. Replacing the beowith chloride leads to a decrease of
the melting point and a strong increase in theritiggoint of the sal21f. For this compound
at temperatures higher than 200 °C a partial deosipn is observed.

Compound21g shows the additional mesophase M from 98 °C to XDOwhich is
observed only for the two Br -compouris and2lebearing different chain lengths (Figure
7c).

Comp. 21f 21g 21h 21i
X Clr Br I BPh
(g 0.181 0.196 0.222 0.421

T Cr72SmA 213 1so* Cr98 M 109 SmA1791Iso Cr95SmA 161ilso Cr 78 SmA 151 Iso

AH 53.6 1.9 56.9 0.3 0.7 66.3 0.7 67.2 1.2
d - 3.76 (130) 3.95 (130)
3.71 (150) 3.86 (150) 3.7 (150)

* Partial decomposition observed
Table 2. Influence of the size of the counter ions on tlesophase stability,r(nm) — ionic radius of
ClI™, Br, I, BRR?> T (°C) — Transition temperaturéH (kJ/mol) — Transition enthalpy; Cr —
Crystalline state; SmA — Smectic A phase; Iso -trégoc liquid stated (nm) — layer distance at

different temperatures (T (°C), given in parentlsgse

The formation of a smectic A phase was confirmgXiray investigations on aligned
samples of compound@eand?21i. The diffraction patterns show first and secordeotayer
reflections on the meridian in the small angle eagalong with a diffuse outer scattering with
a maximum of the intensity on the equator. Thisdatés a layer structure with liquid-like
distributed lateral distances of the molecules,|ting axes of the molecules being parallel to
the layer normal (Figures 9 and 10). The maximurthefouter diffuse scattering 2ieat D
= 0.45 nm, corresponds to the average lateralraist@f molecules of about 0.5 nm and is
typically found for alkyl chaing® The formation of layered structures in the case of

pyridinium salts is attributed to the attachmenth&f aliphatic chains to an ionic head group.
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T T T T T T T T T T T
80 100 120 140 160 180 200 220 240 260 280

x>

Figure 9. 2D X-ray diffraction patterns of the SmA phase $arface-aligned samples lfeicosyl-4-
phenyl-pyridinium bromide21e at 149 °C on cooling a) original b) the scatterofgthe isotropic
liquid has been subtracted to enhance the visitolitthe anisotropic distribution of the outer dgg
scattering, c)x-scans for the 2D X-ray patterns in the SmA phddack lines ... outer diffuse
scattering, maxima on the equator of the pattetrns=a90 and 270°,d, = | (T) / | (isotropic liquid),

blue lines ... layer reflections, maxima on the mandf the patterns gt= 180, | / a.u.

In case of21i this value is slightly enhanced to 0.48 nm coroesiing to an average
lateral distance of the chains of about 0.54 nmijclwhmay be explained by packing

requirements described below.

| ,l/au.
el

C) 80 100 120 140 160 180 200 220 240 260 280
x/°

Figure 10.2D X-ray diffraction patterns of the SmA phase $arface-aligned samples ?1i at 149

°C in cooling a) original b) the scattering of tisetropic liquid has been subtracted to enhanee th
visibility of the anisotropic distribution of theuter diffuse scattering, Q§-scans for the 2D X-ray
patterns in the SmA phase2ifi at 149 °C.

The layer spacing fdz2leis calculated ad = 3.55 nm at 130 °C (Table 3). Since the
long axes of the molecules are, on average, phtallédhe layer normal, this distance is the
length of the building unit of the layers. A CPK da&b for the molecular packing in the
smectic A phase of compourzdeshows a head-to-tail arrangement of the moleculdsn
the layer, and the bromide anion is localized betwthe aromatic rings (Figure 11). The
location of the anion near the positive chargeddayium ring indicates that the electrostatic

interactions will stabilize the layers in the SmAage by ionic pairing. The thickness of the
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layerd calculated from CPK model is 3.55 nm, in agreemtit the value obtained by X-ray
measurements.

Figure 11. CPK model of compoun#leassuming the atkans conformation of the alkyl chains.

Upon increasing the number of carbon ataems the alkyl chain from 20 to 22, the
layer distance determined by the X-ray measuremeatsases td = 3.76 nm for compound
21gat 130 °C, an expected enhancement for an elamgafi the chains by two methylene
groups. When the bromide ion is replaced by iodideypound1h, the thickness of the layer
is 3.95 nm at the same temperature. Obviously,pdeking of the chains, most likely the
degree of intercalation, is modified to accommodate slightly bigger iodide ions. In the
case of compoun@li the layer distancel is 3.7 nm at 150 °C, with its much larger
tetraphenylboraté counter ion which has a tetrahedral arrangemettieophenyl units. The
comparatively small layer distance may be explaiagsliming a shortening of the effective
chain length by a stronger disorder of the alkyinh to fit the large space occupied by the
anions. One hint of such stronger disorder mayhbeabove mentioned slightly enhanced D =
0.54 nm of the outer diffuse X-ray scattering 2du.

The X-Ray data obtained from Guinier method aesented in Table 3. The results
do not show large variation of the layer spacthgn the SmA phase by decreasing the
temperature.
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Comp. T Bois obs n

(°C) ) (nm)

21e 136 1.247 3.54 1

130 1.243 3.55 1

122 1.239 3.56 1

115 230 3.59 1

21g 150 1.191 3.71 1

140 1.182 3.73 1

130 1.174 3.76 1

120 1.162 3.80 1

110 1.135 3.46 1

100 2.549 1.73 1

21h 150 1.145 3.86 1

140 1.135 3.89 1

130 1.119 3.95 1

120 1.105 4.00 1

110 1.090 4.05 1

100 1.075 4.11 1

21i 150 1.184 3.73 1

2.351 1.88 2

Table 3.X-ray data for the SmA phases from Guinier powaigterns at different temperaturés;s —

experimental scattering angld,s— experimental d spacing; n — order of reflection.

Mesophase M, observed by polarizing microscopyhécase of bromide&lc e, and
g was investigated by 2D X-ray measurements. X-iffyadtion patterns of the phase M are
presented in Figure 12 for compoudtic The type of the phase does not correspond to any
classical thermotropic liquid crystals. The assuampthat M is a liquid crystalline phase was
made from the results obtained by DSC, which indga low energy transition between

phase M and SmA mesophase typically for liquid tatgs Moreover, polarizing microscopy
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investigation of this phase shows a grainy textuite a high viscosity with clearly changes

by shearing.

1000

T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 22 24
C) 20/°

Figure 12.2D X-ray diffraction patterns of the M phaseMbctadecyl-4-phenyl-pyridinium bromide
21c a) original, at 113 °C, on cooling b) at 113 °@e tscattering of the isotropic liquid has been
subtracted to enhance the visibility of the anoitr distribution of the outer diffuse scatteringfe
scansy integrated over -15 — 335 °, black ... 166 °C, gree25 °C, red ... 116 °C.

Similar results in 2D X-ray diffraction pattern$ the M phase were obtained for

compound2le The layer reflections at different temperatunes@esented in Figure 13.

I (a.u.) ->

T T T T T T T T
2 4 6 8 10 12 14 16 18 20 2 24

T T T T

20/°->
Figure 13. Layer reflection at different temperatures of cowonpd N-eicosyl-4-phenyl-pyridinium

bromide2lein cooling at different temperaturdsscansy integrated over -15 — 330.
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Compared to sa1gno significant changes in the layer spacing wéseoved in the
SmA phase oRle The small decrease of tdevalue by increasing the temperature may be
attributed to a disorder of the alkyl chains conttant with lowering the viscosity of the
sample (Table 3).

Dielectric measurements were made for compdid Due to the high conductivity
no data about the dielectric permitivity can beegivThe specific conductivity was calculated
from the dielectric loss measured between 10 Hz with a voltage of 1V. Figure 14 shows
the temperature dependence of the specific conalyckor the non-oriented liquid crystalline
salt21d. The conductivity decreases linearly with the peacal absolute temperature in the
isotropic and SmA phases. With beginning of thes@lization at about 80 °C, deviations
from the linearity are observed. At the transitfoom the isotropic into the smectic A phase
only a very small decrease of the slope and noistdpe conductivity is seen.

A disadvantage of the measurements was that thplsaould not be oriented and so
the conductivity could not be investigated paraHdeld perpendicular to the layer normal.
Nevertheless, the experimental data show that ah@adtion of the smectic layers, which
should increase stepwise the mean viscosity andftire also to reduce the conductivity, has
practically no influence on the conductivity. Thenal decrease of the slope of the
conductivity in the SmA phase may be related taodtger transport of charge carriers parallel

to the layers in the smectic A phase than in to&apic liquid.

K (S/m)

SmA -Cr

10-2 - o
Iso SmA .

2,55 2,60 2,65 2,70 2,75 2,80 2,85
1000/T (K-1)
Figure 14. Specific conductivityk (S/m) of N-octadecyl-4-phenyl-pyridinium iodid@1d versus

reciprocal temperature 1000/T K

2.2.1.2 N-alkyl-3-phenyl-pyridinium salts

Changing the phenyl group from thgara to the meta position, as shown for

compounds22a — § may influence the stability of the mesophase.rd&ioee, N-alkyl-3-
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phenyl-pyridinium salts were synthesized in orderstudy the influence of theneta
substituted phenyl group on the mesophase behaviour
Polarizing microscopy investigations indicate tfeemation of fan-like textures

characteristic for the SmA phase (Figure 15a).

160+

. Iso /
j(,_i 120+
o SmA &/
2 H-(CH,)7—N /)
o 80 \
2 @
2

40 22a,c, e, f

16 18 n =16, 18, 20,22

b) Alkyl chain Iength (n)

Figure 15. a) Fan-like texture d-eicosyl-3-phenyl-pyridinium bromid22ein cooling at 129 °C b)
Transition temperatures T (°C) as a function of #heyl chain length rf) for N-alkyl-3-phenyl-
pyridinium bromide2a c, g, f.

The transition temperatures T measured by DSC emdfirmed by polarizing
microscopdor compounds of typ@2 are summarized in Table 4. Comparable tophes-
substituted compoundl, the salts22 containing alkyl chains witm > 18 do form SmA

phases. No M-phases were detected.

Comp. n X Phase transitions (T/°C) AT (°C)
AH (kJ/mol)

22a 16 Br Cr991so -
28.7

22b 16 I Cr 77 Iso -
30.6

22c 18 Br Cr 45 SmA 82 Iso 37
314 0.34

22d 18 I Cr 44 SmA 65 Iso 21
27.1 1.0

22e 20 Br Cr 54 SmA 131 Iso 77
334 038

22f 22 Br Cr67 Cr 106 SmA 149 1so 43

409 418 1.1

Table 4. Transition temperatures T (°C) and enthalpié$ (kJ/mol) from Differential Scanning
Calorimetry for N-alkyl-3-phenyl-pyridinium halide®2a — f AT (°C) — temperature range of the
smectic A phase.
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The influence of the alkyl chainson the transition temperatures T of the bromides
223 c, e andf is summarized in Figure 15b. An increase in thdtinge and clearing
temperatures foR2¢ e andf was observed with increasing the alkyl chain Ienghe SmA
temperature range increases from 37 °Q#fwto 77 °C for compoun#é2e A decrease in the
stability of the SmA phase was observed for comddf with n = 22 carbons in the lateral
chain.

The salt22d, with iodide as counter ion, shows a small tempeearange of the SmA
phase than the corresponding bromide, indicatiag e size of the anion has an influence
on the stability of the mesophase.

The SmA phase dI2ewas confirmed by X-ray measurements. The samplehail
fibre-like aligned at the sample-air interface sedwo-dimensional X-ray patterns measured
at 129 °C and 109 °C on cooling which are chargstterfor layer structures with liquid-like
distributed lateral distances of the moleculesaitd a preference for the orientation of there
long axes parallel to the layer normal (Figures a6a b). The layer distandeamounts to 3.9
nm at 129 °C and the outer diffuse scattering shitsumaximum at D = 0.46 nm. At 109 °C

the maxima are much weaker, but the patterns sloether distinct differences.

b)
Figure 16.a) 2D X-ray diffraction pattern of the smectic Agse for the surface-align&teicosyl-3-

phenyl-pyridinium bromide€2e at 129 °C on cooling b) 2D X-ray diffraction patteat 129 °C on
cooling - the scattering of the isotropic liquidshiaeen subtracted to enhance the visibility of the
anisotropic distribution of the outer diffuse seattg. c) CPK model of compour2e assuming the

all-trans conformation of the alkyl chains.

The results obtained by Guinier method keicosyl-3-phenyl-pyridinium bromide
22e at different temperatures are presented in Taldadbindicates an increase of the layer
distance by lowering the temperature. This islaited to a strong order of the alkyl chains

which are more stretched by decreasing the temperat
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T(°C) s (°C) obs (NM) n
125 1.125 3.93 1
2.268 1.95 2
110 1.112 3.97 1
2.241 1.97 2
95 1.100 4.02 1
2.206 2.00 2
80 1.088 4.06 1
2.169 2.04 2
65 1.062 4.16 1
2.122 2.08 2
50 1.038 4.26 1
2.088 212 2

Table 5. X-ray data for the SmA phase Nfeicosyl-3-phenyl-pyridinium bromid22e from Guinier

powder patterns (T — temperatu,s — experimental scattering angli,s — experimental d spacing;

n — order of reflection).

Upon increasing the length of the alkyl chain2ocarbon atoms, compoug@f, the
thickness of the layer decreases to 3.8 nm. Thexefime can assume that different other
arrangements of the layers in the SmA phase arsilppesdepending on the bent angle
between the aromatic unit and the alkyl chaintaiiag of the alkyl chains and position of
the bromide near the pyridinium ring. The X-rayadabtained by Guinier method at different
temperatures indicates a small increase of the ldigtance by decreasing the temperature
(Table 6).

T(°C) Bhos (°C) dobs (NM) n
140 1.175 3.76 1
130 1.162 3.80 1
120 1.138 3.88 1
110 1.138 3.88 1

Table 6. X-ray data for the SmA phase Nfdocosyl-3-phenyl-pyridinium bromid22f from Guinier
powder patterns (T — temperatui;s — experimental scattering anglkjs — experimental d spacing;

n — order of reflection).
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The CPK model of sat2eshows a head to tail arrangement of the moleawiibsthe
anion localized between the aromatic rings (Fiduge), a similar arrangement as for salts

By increasing the alkyl chain lengththe melting temperatures become lower than in
the case of thpara-substituted phenyl bromide4, but the SmA temperature range becomes

larger.

2.2.1.3 N-alkyl-4-methyl-pyridinium salts

In order to compare the influence of the substitsiet the pyridinium ring on the
stability of the SmA phas&-alkyl-4-methyl-pyridinium halided4h — nwith different alkyl
chainsn were synthesized. Compounds of typewith n > 14 show focal conic textures
characteristic of a SmA phase under polarizing asicopy (Figure 17a).

The transition temperatures and enthalpies arsepted in Table 7 indicating that
compoundsl4 exhibit more stable mesophases. Saftsvith n > 16 have largeAT values

than21 and the related compounga.

Comp. n X Phase transitions (T/°C) AT (°C)
AH (kJ/mol)

14h 14 Br- Cr771so
25.4

14i 16 Br- Cr85 (84) SmA 119 (109)Iso 34
39.1 (44) 0.3 (0.3)

14j 16 I Cr 67 SmA 104 Iso 37
111 0.3

14k 18 Br- Cr82 (92) SmA 168 (158) Iso 86
38.8 (59) 0.8 (0.7)

141 18 I Cr 84 SmA 142 Iso 58
446 06

14m 20 Br Cr 84 SmA 197 Iso 113
51.6 0.9

14n 22 Br Cr 91 (94) SmA 207 (206) Iso 116

75.4(69) 1.1 (2)

Table 7. Transition temperatures T (°C) and enthalpid$ (kJ/mol) from Differential Scanning
Calorimetry forN-alkyl-4-methyl-pyridinium halided4h — n AT (°C) — temperature range of the

smectic A phase. The values in parentheses comdgspdhose reported in reference 15.
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Transition temperatures and corresponding entalpummarized in Table 7 agree to
a great extent with those from known compourds k and n.*® The packing of the

molecules is considered to be interdigitated, witle anions sandwiched between the

pyridinium rings (Figure 17b).

@ p—
H'(CHZ)ZO_NC/>7CH3

|® 14m

4
Figure 17.a) Fan-shaped texture of compour in cooling at 135 °C b) CPK model of compound

14massuming the atkansconformation of the alkyl chains.

The presence of the methyl instead of phenyl grouphe para-position of the
pyridinium ring induces a larger temperature rafayghe SmA phase thax-alkyl-3-phenyl
and 4-phenyl-substituted pyridinium salts with cargble long alkyl chains. This indicates
that elongation of the aromatic unit plays an int@atr role in the stability of the SmA phase.
When the aromatic core is extended by replacingrtethyl group with a phenyl substituent,
compounds 21, the clearing temperatures decrease indicating #ra aromatic core
destabilizes the mesophases. Additionally, it ldadte formation of an ordered intermediate
phase M. The M phase was observed only in the aabkalkyl-4-phenyl-pyridinium salts
having bromide as counter ion. The more bulky 3agheyridinium head group i22 lowers
the melting points drastically and reduces the ®mampre range of LC phases. The
temperature range of the SmA phase increases ufahiag substituents to the pyridinium
unit in the order 4-methylld) > 3-phenyl 22) > 4-phenyl 21).
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2.2.2. UV/Vis Iinvestigations of N-alkyl-3- and -4-substituted

pyridinium salts

Compoundsl4, 21 and 22 were investigated by UV/Vis spectroscopy and show
deviations from the Lambert-Beer law indicating fiesence of new new species in solution
in the case of iodides.

To gain a better understanding of this effectdpectral properties dfi-octadecyl-4-
phenyl-pyridinium iodide21d in 1,2-dichloroethane were investigated (Figure)l18he
UV/Vis spectrum shows two absorption bands at 2d9amd 305 nm and with increasing
concentration a new one at 370 nm. A plot of th&imam absorbance at 305 and 370 nm
versus concentration shows deviations from the LambeetBlw which indicates that
additional ion pairs are formed in solution. Thedavavelength absorption corresponds to a
charge-transfer band which arises from an ion Ipetwween the iodide anion as electron donor
and the pyridinium ring as acceptor. This ion pgrin solution will support the suggested
structure in the CPK models in Figures 11 and 1@b whe localization of X near the

@ p—
romah_ )~ )

© 21d

pyridinium ring.

2,54 2,5-

2,01
—m— 305 nm /
—e— 370 nm ]

1,5- /
1,04 /

0,5 — e

2,04
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absorbance
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n

1,04

os{ W/

n
0,0-+—2——9— T T T

1 2 3 4 5 6 7
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0,0 T T ——— T T
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Figure 18. a) Concentration dependence Noctadecyl-4-phenyl-pyridinium iodid@1d in 1, 2-
dichloroethane, | = 1 cm, | — path length of thet cell, b) Lambert-Beer plot A = f (conc.))at

305 nm and 370 nm respectively.

The concentration dependence experimem-ottadecyl-4-phenyl-pyridinium iodide
21d presented in Figure 18a shows a shift of the mawirof the absorbance from 305 nm at

concentration 1 x I0mol I'* to 297 nm at 7 x I®mol It. The shift of 8 nm of the maximum
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absorbance may be caused from the absorption pveflthe band centered at 305 nm and
the broad charge-transfer band at 370 nm or mafiroothe existence of a second charge-
transfer band which may be assigned to a electraitsition from the highest occupied
molecular orbital (HOMO) of the iodide ion to twéosely located vacant molecular orbitals
in the pyridinium ion”®

When the iodide ion was replaced by the more mphilic bromide, the charge-
transfer band was no longer present, and a lineaelation of Lambert-Beer plot indicates
that no other light absorbing species are formedlj2-dichloroethane (Figure 19b).
Concentration dependenceM{docosyl-4-phenyl-pyridinium bromidglg measured between
1 x 10* mol I and 1 x 16 mol I'* shows the presence of two absorption bands ah@v&nd

297 nm attributed ta-7* transitions of the aromatic unit.

@ pu—

©

Br 21g
2,01 2,0+
—1x10* = 301nm
7 x10° e 277 nm
1,54 6 x 10° 1,54 linear fit at 301 nm
Q 5 — linear fit at 277 nm
e —5x10 o
/ -5 (&)
S 10- 4x10 S
g ——3x10° g 107
R / \ -5 ?
N \\ ——2x10 2
0.54\\ JI/ /~ ——1x10° 0,5
N\ —
A/7SNR\\\
A7y AN
0,0 T T R T T 0,0 T T T T T x10~°
240 300 360 420 480 0 2 4 6 8 10

b)
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Figure 19. a) Concentration dependence Wfdocosyl-4-phenyl-pyridinium bromidlg in 1, 2-
dichloroethane, | = 1 cm, | — path length of th# logLambert-Beer plot A = f (conc.),;R= 0.999 (at
A =301 nm), R=0.999 (ak = 277 nm).

In order to investigate the influence of the ceumbns and of the substituents attached
to the pyridinium ring on the absorption spectrdhef compounds, similar investigations were
made in polar solvent acetonitrile.

Figure 20a shows the concentration dependendé¢adtadecyl-4-phenyl-pyridinium
iodide 21d in acetonitrile, in the concentration range betwgen10®mol I'* and 1 x 18 mol
It. Two absorptions were identified in the spectrthwiie maximum of the absorbance at 295

nm and 247 nm correspondingra* and n4t* transitions respectively. A small absorption at
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350 nm aproximatively indicates a weak charge-teangansition between the pyridinium
cation and iodide anion.
A plot of the absorbance as a function of con@tiain at 295 nm and 247 nm does

obey the Lambert-Beer law indicating that the iairipg is very low in polar aprotic solvents

(Figure 20b).
@ p—
e _)

|® 21d

2,51
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2,04 —e— 247 nm /
e
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Figure 20. a) Concentration dependence OFoctadecyl-4-phenyl-pyridinium iodide21d in
acetonitrile, | = 1 cm, | — path length of the daéllLambert-Beer plot A = f (conc.),R 0.999 (af. =
295 nm) BR=0.999 (ak = 247 nm).

Replacing the iodide with bromide the spectraNstlocosyl-4-phenyl-pyridinium
bromide21gin acetonitrile show a-n* band at 295 nm as in the case of the correspgndin
iodide salt. The small absorption found #&ird atA > 330 nm is not seen when using bromide
as counter ion, compourtlg indicating the presence of the charge-transfadmly in the
case of iodide (Figures 21a and b). Concentratigmeddent measurements show a linear
Lambert-Beer plot between 5 x 4énol I and 1 x 1d mol I'* atix = 295 nm. Compared with
lodide salt, in the case of bromide saltg the na* band becomes blurred in polar aprotic
solvent acetonitrile.

Similar investigations were made for saélh — j with chloride, tetraphenylborate and
p-toluenesulfonate as counter ions. The measuremgate made in acetonitrile in the
concentration range between 1 x*1fol I* and 1 x 18 mol I'* using quartz cells with path
length | of 1 cm. Salt®1h, i andj show a linear plot of Lambert-Beer law at 295 nm

indicating that no other species are formed inaugtle (Figures A1-A3, Appendix).
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Figure 21. a) Concentration dependence bFdocosyl-4-phenyl-pyridinium bromide21lg in
acetonitrile, | = 1cm, b) Lambert-Beer plot A =cbfc.) alh = 295 nm, R = 0.999.

When the phenyl group is introduced in tmetaposition of the pyridinium ring,

compound22f, the position of ther-r* band at 294 nm is not greatly affected relatedht®

corresponding sal21g Variation of the concentration between 1 x*1fiol- [* and 5 x 10

mol I in the case 022f does obey the Lambert-Beer law in acetonitrilg@Fés 22a and b).

As a result, sal22f does not show a charge-transfer band.

@ pr—
H-(CH)z Ny /

©

Br 22f

2,5 2,5-
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linear fit at 294 nm
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Figure 22. a) Concentration dependence bdFdocosyl-3-phenyl-pyridinium bromide22f in
acetonitrile, | = 1 cm, b) Lambert-Beer plot A &bnc.) ath = 294 nm, R = 0.999.
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For comparison, the spectra Bfdocosyl-4-methyl-pyridinium bromidd4n have
been investigated in acetonitrile (Figure 23). Goriation dependence measurements were
made between 1 x Famol I* and 1 x 1 mol I, indicating a linear correlation of Lambert-
Beer plot. The spectra show shifts of the maximumthe absorbance related to the
correspondindN-alkyl-4- and -3-phenyl-pyridinium bromides, caudedthe replacement of
the phenyl group with a methyl substituent. Thectipeshow a large intensity absorption
band with its maximum &t = 220 nm attributed to then* transition of the pyridinium ring

and weak ng* vibrational bands with the maximum of the absodmat. = 255 nm and 289

@ —
H_(CHZ)ZZ_N/\\:/>70H3

Bre 14n

nm respectively.

2,04 4
1,54

1,04
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Figure 23. Concentration dependenceNdodecyl-4-methyl-pyridinium bromid&4n in acetonitrile,

| = 1cm, | — path length of the cell.

2.2.3. Lyotropic properties of N-octadecyl-4-methyl-pyridinium
iodide

N-alkyl-4-methyl-pyridinium iodidel4l behaves like a tenside or a soap. Therefore,
lyotropic investigations were made doctadecyl-4-methyl-pyridinium iodidd4l using
differential scanning calorimetry, isothermal titom calorimetry and atomic force
microscopy.

These experiments were made in collaboration Witbf. Dr. A. Blume group in
Physical Chemistry Department (Martin-Luther-Unsigr Halle).
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Differential scanning calorimetry:

The saltl4lis soluble in polar solvents as alcohols and itewaAt room temperature
the solubility in water is relatively small. Withia narrow temperature range the solubility
increases rapidly around a certain temperature lwhicknown as Krafft poiit. At low
temperatures the low monomer solubility determities total solubility, while at higher
temperature when the monomer solubility has reatmedritical micelle concentration [cmc]
it is determined by micelle solubility which is nfubigher°

In order to determine the Krafft point, differaltscanning calorimetry measurements
of salt14l were made in water with a heating cooling raté@®fC min' in the temperature
range between 5 and 80 °C (Figure 24). The Krafiihjpivas obtained at 50 °C.

®/— 0,10
H-(CH2)18—N\ // CHj K

|® 141

Cp(cal/ C)

0004  ~_

0 20 40 60 80

Temperature (°C)

Figure 24. Differential scanning calorimetry (DSC) measuretseaf salt N-octadecyl-4-methyl-

pyridinium iodidel14l in water, ¢ = 30 mM.

Isothermal titration calorimetry

N-octadecyl-4-methyl-pyridinium iodid&4l was investigated by isothermal titration
calorimetry ITC in order to measure critical mieeltoncentration cmc and the heat of
demicellizationAHgemic ITC has the advantage that the cmc ARtdenic can be determined
from the same experiment whereas with other methdtigc has to be calculated from the
temperature dependence of the cmc using van't téafftion isobaf*

The concentration of the surfactant was chosesr a#tveral attempts in the way that
the cmc was achieved during the experiment. Thesmrements were performed in the
temperature interval range between r.t. up to 70 PiQure 25 shows the experimental
titration of the surfactant solutiob4l at concentration 2 mM in water. The solution was
titrated by 75 injections, each injection havingamtent of 3.75 ul solution. The equilibrium

time between two consecutive injections was 4 min.
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Figure 25.a) Titration of 75 x 3.7l of N-octadecyl-4-methyl-pyridinium iodid&4l of concentration
2 mM in water at T = 50 °C b) Reaction enthalpysusrconcentrationexperimental datacalculated

curve using the mass action model [8@orrelation fit of the experimental data

The titration experiment o4l in water indicates that each injection produces an
exothermic heat. A large enthalpy energy is obgkntethe beginning of measurements due
to demicellization process caused by the dilutibrihe micelles and the formation of the
monomers, below cmc, followed by a large decre&sheoenthalpy which indicates that the
critical micelle concentration was achieved. If titeation is continued, only the heat of the
dilution of the micelles is measured. The criticaicelle concentration corresponds to the
concentration where the first derivative of theveushows a minimum and was calculated to
cmc = 1.4854 x I®mol I'*. The aggregation number was calculated to ~ 5.

By integration of the peaks the reaction enthapya function of the concentration
was obtained.AH4emic Was calculated as 60 kJ/mol from the differencéwben two
extrapolated lines (Figure 25b). The simulatiorthed calorimetric titration curve was made
by converting the equations of the mass action bt appropriate equation files by the
computer software SCIENTIST, Version 2.02 (Microhlanc., Salt Lake City, Utah).

Atomic force microscopy

N-octadecyl-4-methyl-pyridinium iodidé4l has been investigated by atomic force
microscopy. The measurements have been perform&8 &4C using as support mica and
graphite. AFM investigations indicate the organ@abf the salts in fibres.

The experiments made on mica are presented imd=Rfu The fibres, having different
diameters, are composed of double layers of salecutes (Figure 27). The number of

double layers can be calculated from the distamckthe height of the fibres, in different
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places. The lengtt of the salt moleculé4lis 27 A. A number of 95 double layers, (95 x 54
A) corresponding to a distance of 1.06 (blue) were calculated for the fibre shown in
Figure 26. A possible arrangement of the molecul@®uble layers is presented in Figure 27.
In similar way was calculated a number of 110 deuayers (110 x 54 A) corresponding to a

distance of 1.1gm (yellow).

Z Data { nm)

Distance Heigght ! 14.8 222

0713 pm 3779 nm Distance (pm)
1.03 pm 305 nm
149 pm 1.21 nm

149 pm 40,06 nim
1.03 pm 2545 nim
246 pm 278 nm

Mmoth = 0) ko =

Figure 26. AFM image ofN-octadecyl-4-methyl-pyridinium iodid&4l on mica support.

?9%; e

7%

R=95x54 A

Figure 27. The arrangement of the molecules Noctadecyl-4-methyl-pyridinium iodidé4l in

double layers, R — radius of the fibre.
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Formation of fibres with a larger diameter than mita was observed on graphite
support. A number of 207 double layers (207 x 54n&)e calculated from a diameter of the
fibre of 2.24um (green). Measuring the diameter of the fibre tineo places was found a
number of 345 double layers (345 x 54 A) corresprumdo a diameter of 3.78m (yellow),

see Figure 28.

# Distance
1 224 pm
2 212 pm
3 3.74 pm
4 249 pm

Height

1813 nm
188.5 nm
46.72 nm
2727 nm

922 nm

72454

3295

132

T T T T
116 232 348 “4n4 58 pm

Distance (urmy

Figure 28. AFM image of the fibres oN-octadecyl-4-methyl-pyridinium iodidé4l on graphite

support.
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2.3. Properties ofN-alkyl-4'-substituted stilbazolium salts

In this chapter will be presented investigationsN\salkyl-4'-substituted stilbazolium
salts in solid state and in solution. The saltsil@kiboth ionic and much stronger dipolar
interactions compared witN-alkyl-3- and -4-substituted-pyridinium salts. Téfre, it is of
interest to investigate the LC properties of thibatolium halides with electron donors like
hydroxy, methoxy and, for comparison, hydrogen stumnts at the 4'-position and long alkyl
chains attached at the quaternary ammonium grauppoundsl5 — 17

The influence of these structural changes, inolgdihe counter ions, on the
mesophase behaviour of the compounds was invesdighly polarizing microscopy,
differential scanning calorimetry and X-ray difftex. The presence of the C = C double
bond between the aromatic rings gives the posibalf cis-trans isomerization. Besides
thermotropic behaviour, stilbazolium salts are geatididates for aggregate formation in
solution, due to the presence of dipolar interastibetween the stilbazolium units which can
lead to formation of dimeric aggregates. Therefepectral properties of stilbazolium salts

were investigated by UV/Vis spectroscopy in solgawith different polarities.

2.3.1. Liquid crystalline properties

2.3.1.1.N-alkyl-4'-hydroxy-stilbazolium halides

Investigations by polarizing microscopy on compiaibSh — nwith n > 14 show the
formation of focal-conic fan and homeotropic teesircharacteristic for smectic A phases,
SmA, Figure 29a.

The influence of the length of the hydrocarbonimha attached to the quaternary
ammonium group on the transition temperatures efiesophases fdish — nis shown in
Table 8. The melting points are nearly constanthim case of bromides, but the clearing
points increase with increasing the alkyl chairgten At temperatures higher than 200 °C the
compounds may partially decompose as can be defigeddecreasing clearing points after
heating the substances several times into theoggotliquid.

When the counter ion is changed from bromide thde both the melting point and
the clearing point decrease drastically meaning ttha stability of the smectic A phase is
influenced by the size of the anion. The stabilagge of the mesophase is shifted to lower

temperatures, at which less decomposition effeatshe expected and X-ray investigations
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are possible. Powder patterns Mfoctadecyl-4'-hydroxy-stilbazolium iodidEsl have been
recorded, from which a layer distang®f 3.85 nm is obtained for the SmA phase at 160 °C
A similar supramolecular arrangement can be expefttam the molecular packing model
presented in Figure 29b showing a head-to-tailntaigon of the stilbazolium unit with the

anion sandwiched between the aromatic rings. Tthiss,model is assumed as representative

la / OH
H-(CHz)n—N\ /

for compounds of typ&5.

X@
Comp. n X Phase transitions AT
(T/°C) (°C)
AH (kJ/mol)
15h 14 Br Cr 173 SmA 186 Iso 13
7.5 0.3
15i 16 Br Cr 177 SmA 221 Iso* >44
12.0 2.0
15j 16 I Cr 143 SmA 181 Iso 38
2.3 9.5
15k 18 Br Cr 172 SmA 230 Iso* >58
22.6 0.9
15l 18 I Cr 130 SmA 184 Iso 54
17.6 6.81
15m 20 Br Cr 172 SmA 260 Iso* >88
14.7 2.6
15n 22 Br Cr 176 SmA 245 Iso* > 68
17.3 3.5

* Partial decomposition observed
Table 8. Transition temperatures T (°C) and enthalpid$ (kJ/mol) from Differential Scanning
Calorimetry ofN-alkyl-4'-hydroxy-stilbazolium halide$5h — n AT (°C) — temperature range of the
smectic A phase.

A growing ofbatonnets, Figure 29a, followed by the formatiom dén-shaped texture
Is observed on cooling by polarizing microscopyrti@adecomposition is not only evident
from the microscopic observations of gas bubblehénmelt, but also by the lowering of the
clearing point in the second and third cooling. Doedecomposition of the samples, the

transition temperatures are given for the firsttimga but the SmA texture was observed by
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polarizing microscopy even at higher temperatuesll cases the stilbazolium compounds
exhibit a tendency to supercool before crystalimaor to form glasses.

a) b)

Figure 29. a) Growing of batonnets in SmA phaseMoctadecyl-4'-hydroxy-stilbazolium iodidis|
at 164.3 °C b) CPK model ®¥-eicosyl-4'-hydroxy-stilbazolium bromidesm, assuming the atkans

conformation of the alkyl chains.

2.3.1.2 N-alkyl-4'-methoxy-stilbazolium halides

N-alkyl-4'-methoxy-stilbazolium saltsléa — f were investigated by polarizing
microscopy and differential scanning calorimetrypod cooling from isotropic liquid, the
formation of the fan-like textures, characteristar SmA, was observed by polarizing
microscopy (Figure 30).

The transition temperatures and the corresponrglitigalpies are summarized in Table
9. The salts withn > 16 have relatively low melting points without larghanges by
increasing the alkyl chain length. The clearingy®ire higher than 200 °C inducing a partial
thermal decomposition. In the case of the salt witk 14 the tendency to form liquid

crystalline phases is reduced by a large increbdeanelting point.

o=\ / OCH;
H-(CH2)2z= Ny
Br@ 16f

Figure 30.SmA phase ofl-docosyl-4'-methoxy-stilbazolium bromidéf in cooling at 200 °C.

Elongation of the aromatic core and the introductd hydroxy and methoxy groups
to the stilbazolium head group have a large infteeon the formation of LC phases by
introduction of stronger dipole-dipole interactiom®tween the stilbazolium units. The

clearing points increase drastically inducing @drtiecomposition of the compounds. The
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mesophase temperature range of the methoxy subdtgalts is larger than the corresponding
hydroxy substituted compounds in which the hydrogending between the OH groups will
influence the mesophase by increasing the meltoigt Generally, introduction of dipolar

interactions increases the stability of LC-phasesointrast to aromatic rings.

Comp. n X Phase transitions (T/°C) AT (°C)
AH (kJ/mol)

16a 14 Br Cr 231 SmA 247 Iso* >16
4.2 6.97

16b 16 Br Cr 54 SmA 227 Iso* >173
94 2.83

16c 18 Br Cr 63 SmA 255 Iso* >192
15.7 5.9

16d 18 I Cr 67 Cp 245 Iso° -
10.4 15.7

16e 20 Br- Cr 68 SmA 227 Iso* >159
16.8 2

16f 22 Br- Cr 75 SmA 214 Iso* >139
18.5 2.1

* Partial decomposition observed
Table 9. Transition temperatures T (°C) and enthalpé$ (kJ/mol) from Differential Scanning
Calorimetry ofN-alkyl-4'-methoxy-stilbazolium halidet6a — { AT (°C) — temperature range of the

smectic A phase.

2.3.1.3.N-alkyl-stilbazolium halides

Compoundsl7a — fwith n > 18 show, under polarizing microscopy, focal conic
textures characteristic for SmA phase (Figure Iuybstitution of methoxy group by
hydrogen increases the melting points resulting decreasing of the mesophase temperature
range.

Compoundl7d with iodide anion does not form any LC phases.

The phase transition and the corresponding endsaA are presented in Table 10.
The saltsl7a and17b with alkyl chain lengtm = 14 and 16 and bromide as anion do not
display LC phases. Increasing the alkyl chain lerigin > 18 the stilbazolium salts form LC
phases. The melting points are relatively constautthe clearing points are higher than 200

°C, temperature at which a partial decompositiorbiserved.
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=\ /
H-(CH)2o Ny //

Bp 17e

Figure 31.Fan-shaped texture of SmA phaséNedicosyl-stilbazolium bromid&7ein cooling at 195
°C.

Comp. n X Phase transitions (T/°C) AT (°C)
AH (kJ/mol)

17a 14 Br- Cr 209 Iso* -
2.9

17b 16 Br Cr 200 Iso -
2.2

17c 18 Br Cr 153 SmA 217 Iso* > 64
4.8 25

17d 18 I Cr 189 Iso -
10.6

17e 20 Br- Cr 141 SmA 216 Iso* >75
2.6 0.3

17f 22 Br- Cr 149 SmA 247 Iso* >98
4.4 1.3

* Partial decomposition observed
Table 10. Transition temperatures T (°C) and enthalpi$ (kJ/mol) from Differential Scanning
Calorimetry ofN-alkyl-stilbazolium halidesl7a — f AT (°C) — temperature range of the smectic A

phase.

The DSC measurements of compourids — 17 show peaks corresponding to
crystalline — crystalline, crystalline — melting dammelting — isotropic liquid transitions
(Tables 8 — 10) with significant changes in entledpFor instance, in the case 1off, the
enthalpy energy decreases from 4.4 kJ/mol for tlgstal — melting transition to 1.3 kJ/mol
for the SmA — isotropic transition.

Compared with seri2l, salts17 have only the additional C = C double bond between
the aromatic rings, which may indicate that sed&sand 21 should have similar liquid
crystalline behaviour. Both of the series display/Sphases on heating. Compouraiswith

bromide anion show an additional phase M, whicmas present in the case of salig.
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Compared with bromide®l, the SmA temperature range is larger in the chsalts17. Also,

a relatively large increase of the melting and rahgppoints is observed for saltg, leading

to a partial decomposition at temperatures highan 200 °C. The increase of the transition
temperatures may be attributed to the elongatidhefromatic core by a C = C double bond
which will induce additionak-n interactions and weak dipolar interactions in¢hse oflL7.

In order to compare the mesophase behaviour llagtlium salts having a donor
group in the 4'-position,N-docosyl-4'-nitro-stilbazolium bromide andN-docosyl-4'-
dimethylamino-stilbazolium bromide were preparedltsS19 and 20 were investigated by
differential scanning calorimetry and polarizingcnaiscopy. Both of the salts show liquid
crystalline behaviour up to high temperatures legdo a partially decomposition above 200
°C.

CHs
O / N\
@/ NO, i _
H-(CHa)om K / H-(CHYz N, ) : CHs
N/
0 ©

Br 19 Br 20

Cr 104 SmA 259 Iso (dec.) Cr 203 SmA 228 Iso (dec

2.3.2. Spectral properties

2.3.2.1. Photoisomerization oiN-alkyl-4'-substituted-stilbazolium salts

The presence of C = C double bond between two afomngs offer the possibility of
cis-transisomerization. However, the stilbazolium compoumdse obtained in the stabile
trans form, as confirmed byH NMR and 3D X-ray investigations. Theans form is more
stabile than theis form, but each isomer should be converted intodther by irradiation
with the appropriate wavelength.

Therefore, irradiation experiments were madeNsdocosyl-4'-methoxy-stilbazolium
bromidel6f in solvents with different polarities: in etharas polar protic solvent, acetonitrile
as polar aprotic solvent and chloroform as nonipaprotic solvent. The irradiation
experiments were made under stirring using quats evith the path length | of 1 cm. The
cells were closed, handled in the dark and assthegdhe evaporation of the solvent does not
take place. The solutions were irradiated withtligih = 254 nm, 405 nm and 546 nm.

The UV/Vis absorption spectrum dfFdocosyl-4'-methoxy-stilbazolium bromidesf
in ethanol shows two absorption bands at 254 nm 282 nm corresponding te-r*

transitions. Irradiation with light @ = 405 nm indicates a decrease of the maximumef th
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absorbance at 383 nm concomitant with an increedeanaximum of the absorbance at 253
nm (Figure 32a). After 60 s no changes were obsgenveghe spectrum indicating that the
photostationary state was achieved. The presendbeofsosbestic point indicates that the
changes are due to a single photochemical reactibith can becis-transisomerization of
the C = C double bond which is present betweemtbmatic rings.

Figure 32b shows the UV/Vis spectraldif after irradiation with light at = 254 nm.
The spectra indicate a decrease of the maximurheofabsorbance at 405 nm concomitant
with an increase of the maximum of the absorbah@54 nm. The photostationary state was
achieved after 10 min. of irradiation, indicatingnauch slowly photochemical reaction
compared with the results obtained by irradiatiotihwght atA = 405 nm.

The thermal back reactiaris — transwas measured in the dark in ethanol and the

spectra do not show changes after 23 h.

CHs
=\ OCHj,4 hv
H-(CH2)zz N - —
hv' @ /
O H-(CH2)22~ Ny /
Br 16f
Br®
1,5+ —O0s 1,5+

—5s

10 s
——15s
—20s

25s

30s
—35s
—40s
—45s
—50s
—55s
—60s

1,24 1,24

0,9 0,91

absorbance
absorbance

064 /A 0,64 A

03/ 03+

0,0

T T T T - T T T Oyo T T T T T T T
240 300 360 420 480 540 600 240 300 360 420 480 540 600
a) wavelength (nm) b) wavelength (nm)

Figure 32.UV/Vis absorption spectra M-docosyl-4'-methoxy-stilbazolium bromidéf in ethanol,
¢ =5 x 10 mol I, ¢ = concentration of solution in mél, Il = 1 cm, | — path length of the quartz cell a)
before and after irradiation with light at= 405 nm b) before and after irradiation with tigiA = 254

nm.

UV/Vis absorption spectraf 16f were recorded in a solvent with a lower polartgrt
ethanol. Thus, irradiation measurements were madbda polar aprotic solvent acetonitrile

with A = 405 nm and 254 nm respectively, Figures 33aband
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The photostationary state was achieved in 60 isrégiation with light at. = 405 nm
and in 9 min. by irradiation with light @& = 254 nm indicating similarities with results
obtained in ethanol. The thermal back reaction mvaasured for 19 h in the dark indicating a
very slowly back reaction to thieans form. By irradiation with light alb. = 546 nm the
UV/Vis absorption spectra show no changes indigativat the longer absorption band is a
charge-transfer band.

157 1,5
- g S —— 0 min
1,24 TS — i
10s 1,21 ; 2':
N 155 3 m:n
o i 20s Q
% 0.9 — 925s % 0,91 —— 4 min
g ——30s Re! —— 5 min
@ 1A ——35s 2 ——6min
] 0° A ——40s g 067 A 7 min
7\ - ;‘g 2 v ——8min
031" 1\ E5 o 0,31 ~—— 9min
—60s
0,0 T T T T T T T T T T T T T N 0,0 T T T T T T T
240 300 360 420 480 540 600 240 300 360 420 480 540 600
a) wavelength (nm) b) wavelength (nm)

Figure 33. UV/Vis absorption spectra oN-docosyl-4'-methoxy-stilbazolium bromid&6f in
acetonitrile, c = 5 x I®mol I}, ¢ — concentration of solution, | = 1 cm, | — p&thgth of the cell a)
before and after irradiation with lightat= 405 nm b) before and after irradiatiorhat 254 nm.

Figures 34a and b show UV/Vis absorption spectrad6d in chloroform, a non-polar
aprotic solvent, before and after irradiation witbht at A = 405 nm and at 254 nm

respectively.

—O0s
2.0+ —  5g 2,0+
—10s —— 0 min
—15s —— 1 min
i 1,64
16 20s —— 2 min
258 ® 3 min
Q o )
o 124 30s e 1,24 ~— 4 min
@ ——35s 2 -
8 e 5 min
S —40s 2 A ——6min
[%2] [%2] A
S 0.8 A ———45s < 0.8 7 min
; gg s ———8min
s - .
0,4 0,4 9 min
60s —— 10 min
—65s
010 T T T T T T 010 T T T T T T T T T T T T M
240 300 360 420 480 540 600 240 300 360 420 480 540 600
a) wavelength (nm) wavelength (nm)

Figure 34. UV/Vis absorption spectra oN-docosyl-4-methoxy-stilbazolium bromid&6f in
chloroform, ¢ = 5 x 1® mol I'*, ¢ — concentration of solution, | = 1 cm, | — p&hgth of the cell a)
before and after irradiation with light at= 405 nm b) before and after irradiatiorhat 254 nm.
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Similar results, as in the case of investigatiomade in ethanol and acetonitrile,
indicates that the solvent has no large influennoetlee cis-trans reaction of N-alkyl-4'-
substituted-stilbazolium salts. The photostatiorsiage was achieved after 60 s by irradiation
with light atA = 405 nm and in 10 min. by irradiation with ligkttA = 254 nm.

In order to prove that @is-transisomerization takes place an irradiated solutioi-of
docosyl-4'-hydroxy-stilbazolium bromid&6f in chloroform was investigated byH-NMR
spectroscopy.

The UV/Vis spectrum of6f in chloroform shows two absorption band4. at 260 nm
(e = 1.2 x 131 mol™* cm*) and at. = 400 nm ¢ = 3.1 x 1d | mol™* cmi?). By irradiation with
light for 1 h ath = 405 nm the maximum absorbance at400 nm decreases to almost half (
= 1.59 x 18 | mol* cm™) concomitant with an increase of the maximum abesoce af =
260 nm (Figure 35). After evaporation of the sotvbp distillation the'H NMR spectrum

was measured immediately in CR@hd care was taken that the sample is kept idahe

——oh
,,,,,,,,, 1h @ — / OCH3
H-(CH2)2z= N

B@ 16f

0,6

0,54

0,41

0,31

absorbance

0,24/

0,1+

0,0 — e :
240 300 360 420 480 540 600

wavelength (nm)

Figure 35. UV/Vis absorption spectra oN-docosyl-4'-methoxy-stilbazolium bromid&6f in
chloroform before and after irradiation with ligat2. = 405 nm for 1 h, ¢ = 1.65 X Famolll, ¢ -

concentration of solution, | = 0.1 mm, | — pathdémof the cell.

'H NMR spectra of the irradiated sample prove thenfition of thecis isomer (Figure
36). Before irradiation the spectrum shows two detsbwith a coupling constadt = 16.2
Hz attributed to the olefinic protons in transform. By irradiation with light ak = 405 nm,
additional new signals are present in the spectrdfter subtraction of the signals which
corresponds tdrans form, the new signals were attributed d¢s form of the dye. The
coupling constant of the olefinic protons wig; = 12.03 Hz, in agreement with the coupling
constant of the olefinic protons in tieés form 2 The cis/trans ratio of 16f was calculated

from the’H NMR spectrum as 0.64.
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The thermal back reaction of the sample kepténddrk was measured after 6 days by

'H NMR spectroscopy indicating a decrease inciéransratio to 0.2.

®&=\ OCHj

before irradiation

S
* Br * * * * *

M N aa M | M
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1 9.25 9.00 875 8.50 825 3.00 775 7.50 7.25 7.00 675 6.50 6.25
ppm it1) CHy

O/~ // OCHg ®/=
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Figure 36.'H-NMR spectra ofN-docosyl-4'-methoxy-stilbazolium bromidesf in CDCL after and

before irradiation with light &t = 405 nm} — signals corresponding to ttransform of the dye.

The cis-transisomerization of stilbazolium compounds can belared through a
.phantom” state X which involves a 90 ° twisted figaration about the ethylenic bond in the
first exciting singlet state for an avoided crogsiwith ground stat&”®* A possible
mechanism, of the isomerizationtadinsinto thecis form is presented in the Figure 37.

So—

trans cis
Figure 37.Possible mechanism for excited andtrans forms ofN-docosyl-4'-methoxy-stilbazolium
bromide16f.**
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2.3.2.2. Concentration dependence measurements oN-alkyl-4'-substituted-

stilbazolium salts

UV/Vis spectroscopy has been utilized to inveségaggregate formation in solution
of N-alkyl-4'-substituted-stilbazolium salts. The sallmving hydroxy and methoxy
substituents on the 4'-position of the stilbazolicone may form aggregates in solution due to
the presence of dipole-dipole interactions betwienstilbazolium head groups. Therefore,
concentration dependence investigations were nmagelvents with different polarities.

Concentration dependence measurements were madalfdN-docosyl-4'-methoxy-
stilbazolium bromidel6f in acetonitrile in the concentration range betwé&en 10* mol I*
and 1 x 10 mol I'* (Figure 38a). The spectra show two absorption ®avith maximum of
the absorbance at= 283 and 384 nm. A linear correlation of the abaace as a function of
concentration of these two absorptions indicatest tho other species are formed in

acetonitrile (Figure 38b).

=\ OCHj
H-(CH2)22~ N/

Br
3,04
® 383 nm
2,54 ® 255nm
linear fit at 383 nm
@ 2,04 — linear fit at 255 nm
5 3
Qo =
5 8 1,549
%] =
Q [=}
© a
S 1,04
0,54
, T T 0,0 — T T T T T T 1 x 10°
a) 200 300 400 500 600 700 b) 0 1 2 3 4 5 6 7 8
wavelength (nm) concentration (mol/l)

Figure 38. a) Concentration dependence measurementsN-dbcosyl-4'-methoxy-stilbazolium
bromide16f in acetonitrile, | = 1cm, b) Lambert-Beer plot Af fconc.), R = 0.999 (af. = 383 nm)
and R = 0.999 (af = 255 nm).

Similar behaviour of salt6f was found in the non-polar solvent chloroform e t
concentration range between 5 x™1fnhol I* and 7 x 18 mol I''. The concentration
dependence spectra show a linear decrease of tkienoma of the absorbance at 400 nm by
decreasing the concentration indicating that noegggion takes place at these concentrations
(Figures 39a and b).
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A small absorption band is observed fo8f at A > 500 nm in acetonitrile and

chloroform corresponding to a charge-transfer band.

2,54 2,5-
a\ 5x10°

2,01 ’/’/ \‘ 4x10° 2,01 = 405 nm
° / 3x10° linear fit at 405 nm
£ 159 2x10° g 1,54
2 1x10° g
2 ° s
o 1,0-’ 7x10 2 1,04

\ 2
0,54\ 0,5-
0,0 . T 0,0 T T T T 1 x 10°
300 400 500 600 b 0 1 2 3 4 5

a) wavelength (nm) ) concentration (mol/l)

Figure 39. a) Concentration dependence measurementsN-dbcosyl-4'-methoxy-stilbazolium
bromidel6f in chloroform, | = 1 cm, b) Lambert-Beer plot A fconc.) at 405 nm, R = 0.999.

Concentration dependence measurements of the zsfillban salts with hydroxy,
hydrogen, nitro and dimethylamino substituentschitd to the 4'-position of the stilbazolium
core were made in acetonitrile and chloroform. iedir plot of Lambert-Beer law indicates

that no aggregation takes place in solution (Figué#-Al11l, Appendix).
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2.4. Properties of merocyanine dyes

Merocyanine dyes have dipole moments with antiparatientation which can favour,
depending on the substituents, the formation ofpé-taggregates with a head-to-head
arrangement of the molecules. Therefore, spectoglguties of théN-alkylated dye$, 13 and
15 were investigated in solvents with different piies.

The dyes are sensitive to solvent medium, showpmgtonation-deprotonation
equilibrium as well as to the solvent polarity, imgv a large solvatochromic effect.
Investigations of the dyes in the solid state by)X3Eay measurements will be also presented.

Dyes6a — eand 13a — gas well asl5a — gdo not show any liquid crystalline

properties.

2.4.1. Spectral investigations

2.4.1.1. Protonation-deprotonation equilibrium

UV/Vis spectra recorded in aqueous solution dedght pH are shown in Figure 40. A
well defined isosbestic point, as reported ftBa>, shows the presence of two-state
equilibrium between protonated and non-protonateth fof theN-(2-propyl)-pentyl-4'-oxy-
stilbazolium dyeba, using buffer solutions with pH between 4 and 10.

UV/Vis absorption spectra o6a show two absorptions with maximum of the
absorbance at = 378 nm attributed to protonated form of the dyel the second with the
maximum of the absorbancejat 450 nm corresponding to non-protonated dye.HtpL0
a deviation from the isosbestic point may be aiteld to side reactions, for example ring
cleavage.

The pKa value was calculated from the UV/Vis sgebly using the relation:
pKa = pH — log [M])/[MH], where

[M] and [MH'] are the concentration of non-protonated and mated form of the
merocyanine dye.

The extinction coefficient was calculated using ttambert-Beer lafi: A =¢ x | x c,
where A — extinctiong — extinction coefficient [I mét cmi’], | — path length of the cell [cm]

and ¢ — concentration of the solution [md).IThe extinction coefficient = 2.2 x 16 | mol™*
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cm*was obtained from the spectrum of the protonatech fat pH = 4 and used to calculate
the concentration of the protonated forn6afin buffer solutions. In the similar way, from the
spectrum at pH = 10 was calculated the extinctioeffecient of the non-protonated dye=
2.4 x 10 | mol* cm™* which was utilized to calculate the concentratadmon-protonated
form of 6a in buffer solutions. From the averaged values iobth at different pH the pK
value was calculated to gk 8.5 for the dyéa.

absorbance

0 : - ; .
300 400 500 600
wavelength (nm)

Figure 40.a) pH-dependence df(2-propyl)-pentyl-4'-oxy-stilbazolium dyéa in buffer solutions at
pH=4,7,8,85,9.5 10and 11, c =1 X ol [, T=22°C,|=1cm.

The pH dependence of dga was confirmed byH NMR and**C NMR spectroscopy
using DMSO-d as a solvent and DBr for acidification and KODbtuiain a basic medium.

The presence of the protonated and non-protorfated was probed in the case of
compoundl5n in DMF by adding small amounts of KOH in the saenpthich shifts the
equilibrium to the non-protonated dye. An isoslzeptiint between the protonated and non-
protonated dye was obtained also by adding smatiuats of HCI in the solution which
indicates that the dye is protonated, Figures ftiaba

0,84

- * ”) \HF \
A |
/ \\ 5
I’ ——3x10 ad ] ‘ L
0.8 I\ 3x10°, 8 pl HCI 7x10° / |
3 Q 7x10°, KOH | |
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g s 3 / \
£ 044 8 |
% § 24 / \
© / \
/ \
0,24 / \
14 / \
/ \ . y \\
0,0 T T T 1 0 . - ' .
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a) wavelength (nm) b) wavelenght (nm)

Figure 41. Protonation-deprotonation experiment of compoibdin DMF, T =22 °C, | =1 cm,
a) using HCI, b) using KOH.
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NMR-experiment

'H NMR spectra show changes of chemical shifts isidband acidic medium. The
NMR experiments were made in DMSO using solutioith & concentration between 6.8 x
10%mol I'* and 7.2 x 18 mol I*. For acidification were used 5 pl of DBr (40 % DrO,
Chemotrade) and to obtain a basic medium 0.5 pl KBD% in DO, Chemotrade)The
spectrum in DMSO-+lis similar with the one obtained in a basic medindicating that the
dye is deprotonated. The experiment made in acndidium indicates a shift of the spectrum
with 0.5 ppm and a change in position &famd H which are inverted (Figure 42a).

The chemical shifts of protonated and non-protthatorm of dye 6a were
investigated by°C NMR spectroscopy in DMSOsdThe results provide the alternating shifts
of the carbons corresponding to protonated andpmotonated dy&a which are common for
polymethine dyes. A large difference was obseneedtfe carbon &nearby oxygen, which
is most shifted in the case of the non-protonatech fand for the C = C double bond caused

by a high electronic density in the case of canamber 5 of the protonated dye (Figure 42b).
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a) b)
Figure 42.a) pH-dependence of dgain '*H NMR using as solvent DMSO-d6 in acidic and inibas
medium respectively b) Chemical shifts of the caratomsn of dye6ain **C NMR using as solvent
DMSO-d6 in acidic and basic medium, ¢ = 1 %10l I*, | = 1 cm.

UV/Vis spectra of 1-(1-octyl-nonyl)-4'-oxy-stilbatum dyel3gwere measured in the
hygroscopic solvent DMSO and indicates a slowlyaease of the absorption &at= 397 nm

by time. Addition of 8 pl water to 3 ml of dye stbn 13g at concentration 5 x T0mol I'*
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drops down the absorption band of the non-prot@hdie to nearly zero which means that
small amounts of water protonated the dye (Fig®e %herefore, most of thH NMR and
13C NMR spectra presented in experimental part aimijuhe hygroscopic solvent DMSQ-d
show the chemical shifts of the protonated form.

15 :éomrinnin
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13g
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Figure 43.Time-dependent measurements and influence of watére UV/Vis spectra of dyE3gin
DMSO, --- water influence on the UV/Vis spectrundyd13gin DMSO.

2.4.1.2 Cis-transisomerization of merocyanine dyes

Cis-trans isomerization of N-docosyl-4'-hydroxy-stilbazolium bromidd5n was
investigated by UV/Vis spectroscopy in dried chform. The spectrum of non-irradiated
solution shows a mixture of protonated and noneprated dye. The vibrational long
wavelength absorption at ~ 580 nm is attributethtor-n* transition of non-protonated dye
while the absorption band with the maximuni.at 400 nm is attributed to thex* transition
of the protonated dye. By irradiating the solutieith light atA = 405 nm for 301 min. the
vibrational absorbance of the non-protonated dywedses to zero while the absorbance of
the protonated compound at 390 nm decreases totagpationary state. An increase of short
wavelength absorption band at 250 nm was obserlged &he experiment shows that the
non-protonated form is converted to protonated fogmrradiation with light ak. = 405 nm
(Figure 44).

The irradiated solution at 405 nm was kept for #bOutes in the dark and the thermal
back reactiorcis-trans was measured by UV/Vis spectroscopy. The specsiiow that the
vibrational long absorption band of the non-protedadyel5n is not longer active. A slowly

thermal back reaction was observed for protonayed d
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Figure 44. UV/Vis absorption spectra ofN-docosyl-4'-hydroxy-stilbazolium bromidd5n in
chloroform before and after irradiation with lightth = 405 nm;- - thermal back reaction, T =22 °C, ¢

=5x 10° mol I', | = 1cm, | — path length of the cell.

Irradiation measurements with light’at 577 nm were made in the caselbh. The
results indicate a slowly decrease of the vibraticabsorption of the non-protonated dye,
concomitant with an increase of the absorbanceratbpated form. After irradiation for 68

min. at 577 nm the photostationary state was aeligivigure 45.

1,54 — non-irradiated
— irradiated for 68 min at 577 nm

1,2 [

0,94

absorbance

0,6+

0,34
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240 320 400 480 560 640 720 800
wavelength (nm)

Figure 45. UV/Vis absorption spectra ofN-docosyl-4'-hydroxy-stilbazolium bromidd.5n in
chloroform before and after irradiation with lightth = 577 nm; - thermal back reaction, T =22 °C, c

=5x 10° mol I', | = 1cm, | — path length of the cell.
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2.4.1.3. Aggregation behaviour of merocyanine dyes solution

UV/Vis spectroscopy has been utilized to study dhhaviour in solution using
solvents with different polarities. Merocyanine dyenay form aggregates in solution,
depending on the temperature and dye concentratiorell as on the solvent polarity and on
the salt effect® The aggregation behaviour of the new syntheshtadkylated stilbazolium
compounds was investigated in solvents with diffepmlarities.

The aggregation behaviour of the diga was studied in a saturated solution of the
dye in water. The measurements were made in cdélstiae distance of 1 mm, 0.3 mm, 0.1
mm and 10 pm. UV/Vis spectra show two absorptiondsawith maximum at 263 nm and
430 nm respectively. By increasing the thicknessth&f path cell the maximum of the
absorbance of the both bands increases lineadigating that no other species are formed in
solution (Figure 46a).

Using a solvent with a higher dipole moment thaew ¢, = 78,1 = 6.2 x 10°°C m),

as propylene carbonate € 65, = 16.5 x 10°°C m)*

three absorption bands are identified
in the spectrum with a maximum absorbancerat 270 nm, 390 nm and at 540 nm
respectively. UV/Vis absorption spectra of a saedasolution ofl5a were investigated in

cells with path length of 2 mm, 1 mm, 0.3 mm arid@m (Figure 46b).
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Figure 46. UV/Vis absorption spectra dfl-methyl-4'-oxy-stilbazolium dyd5a measured in quartz
cells at T = 22°C and using as solvents a) waterl Imm, 0.3 mm, 0.1 mm and én b) propylene

carbonate | =2 mm, 1 mm, 0.3 mm and 0.1 mm resedget

The long wavelength absorption band measureddpyene carbonate at,.x = 540
nm corresponds to an intramolecular charge-trarsreen the oxy group as electron donor
and pyridinium ring as electron acceptor and isitatted to non-protonated form of the
merocyanine dyd5a, as is shown in Figure 43 for a similar compod3ds The absorption

band with maximum & = 390 nm corresponds tatar* transition of the protonated form of
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15a The maximum of the absorbance of the dye decseagh the thickness indicating that
no aggregation takes place in propylene carbonate.

Two absorption bands with maximumat 400 nm and near 600 nm respectively
were detected in protic and in some polar apraticests. In order to investigate the nature of
these absorptions, concentration dependence meaente of compound3g were made in
the polar protic solvent methane} € 32.6,u = 9.6 x 10°°C m), in cells with a path length |
of 1 cm. The absorption band in methanol is shitiedower wavelength, compared with
spectra in water, due to changes in the electrsystem of the dye. The spectrum shows a
maximum of the absorbance at 398 nm which corredpdor n-n* transition of the
protonated form of the dye, and a small absorpioB00 nm attributed to then* band of
the non-protonated dye (Figure 47a).

A Lambert-Beer plot of the extinction as a funotmf the concentration shows a linear

correlation indicating that no other species arend in solution (Figure 47b).

3,0+ 3,0
1x10°
x10 ', 1cm ® 398 nm
2,4+ ey 10'5‘ 1em 2,4+ linear fit to 398 nm
-5
—3x10 7, 1cm
8 1,81 5 g 18-
3 2x107,1¢cm =
2 4 £
2 1,21 1x10™, 1 mm S 12-
© s
0,6 0,6
0,0 : . . . 0,0 : : : . . —x10™
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b)

wavelength (nm) concentration (mol/)

Figure 47.a) Concentration dependence measurements of 1tfltrmmyl)-4'-hydroxy-stilbazolium
dye 13gin methanol, T = 22 °C, ¢ — concentration [m4] b) Lambert-Beer plot A = f (conc.), R =
0.999.

Concentration dependence measurementsl-(#-propyl)-pentyl-4'-oxy-stilbazolium
dye 6¢c were made in dipolar aprotic solvents DMSD=46.5,u = 13.5 x 10°C m), in the
concentration range between 1 x°Iiol I* and 1 x 1¢ mol I* (Figures 48a and b). The dye
shows in DMSO a strong absorption band at 583 nithehon-protonated form and a weak
one at 397 nm of the protonated form of the dyeplét of absorbance as a function of
concentration gives a linear behaviour which intisathat no aggregation takes place. At
concentrations below 1 x Fonoll™ the absorption band at 397 nm increases meanirng tha

available protons from traces of water or otherrsesl may result in the formation of the
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protonated dye. Using the Lambert-Beer law, thenetton coefficient was calculated for
compoundsc ase = 3.5 x 13 | mol™* cm™.

54 5-
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Figure 48.a) Concentration dependence in moldf N-(2-propyl)-pentyl-4'-oxy-stilbazolium dy&c
in DMSO at T = 22 °C, | = 1 cm, | — path lengthtbé cell, b) Lambert-Beer plot A = f (conc.), R =
0.999.

Similar behaviour was found for dy&gin DMSO. A plot of extinction as a function
of concentration, in the concentration range betw@ex 10° mol I* and 1 x 16 mol I,
indicates a linear correlation. At low concentrattbe absorption band with maximumiat
397 nm increases and the absorption band at 588ewneases meaning that by dilution the
water containing solvent will protonate the dye aménges the equilibrium between these
two states (Figures 49a and b). Some deviationsheapused due to baseline problems.

Similar results were obtained fbBgin DMF (g, = 36.7,u = 12.7 x 16°°C m), (Figure
Al12, Appendix).
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Figure 49.a) Concentration dependence in nidlif 1-(1-octyl-nonyl)-4'-oxy-stilbazolium dy&3gin
DMSO, T =22 °C, | =1 cm, | — path length of thedl ®) Lambert-Beer plot A = f (conc.),;R 0.995
(atA =583 nm), R=0.996 (ak. = 397 nm).
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In a solvent with a lower polarity than DMSO aniB, such as acetone, & 20.5,u
= 9 x 10*°C m),) the maximum of the absorbance of non-praemhayel3g is shifted to
longer wavelengthi.. Lambert-Beer law shows a linear correlation betwabsorbance and
concentration at 595 nm and 394 nm, indicating tieabther species are formed in acetone in

concentration range between 5 x*Iiol I* and 1 x 13 mol I'* (Figures 50a and b).
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Figure 50.a) Concentration dependence in mbbf 1-(1-octyl-nonyl)-4'-oxy-stilbazoliurdye 13gin
acetone at T =22 °C, | =1 mm and 1cm b) Lambes+Bolot A = f (conc.), R= 0.998 (af. = 595
nm), R = 0.995 (af = 394 nm).

Similar behaviour of dy&3g was found in the low polar solvent methylene ddier
(e = 9,u = 3.8 x 16°°C m) in the concentration between 5 x°I@ol I* and 1 x 18 mol I
(Figure 51a). A linear plot of Lambert-Beer lowiat 602 nm show that no other species are

formed in solution (Figure 51b).
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Figure 51.a) Concentration dependence in nmiobf 1-(1-octyl-nonyl)-4'-oxy-stilbazolium dy&3gin
methylene chloride at T = 22 °C, | = 1 cm, b) Lantigeer plot A = f (conc.) at = 602 nm, R =
0.999.
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Figure 52a shows the concentration dependenceune@asnts ofl3gin butyl acetate

(s, = 5.1), in the range between 1 x“énd 5 x 10 mol I'*. The UV/Vis absorption spectra

show vibrational bands at longer wavelength withximaim of the absorbance at= 572 nm

and 614 nm respectively corresponding to non-pettxh dye and a small one at with the

maximum absorbance df = 397 nm which is attributed to the protonatednforThe

maximum absorbance increases with increasing thececdration indicating that no

aggregation takes place. The presence of the watsamples by dilution or other sources

causes small deviations from Lambert-Beer law (FadiRb).
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Figure 52.a) Concentration dependence in mobf 1-(1-octyl-nonyl)-4'-oxy-stilbazolium dy&3gin
butyl acetate, T = 22 °C b) Lambert-Beer plot A ednc.), R = 0.999 ( ak. = 614 nm), R= 0.999

(ath =572 nm), R=0.998 (ah = 397 nm).

In the low polar solvent trichloroetheng € 3.42 (16 °)u = 2.7 x 10°°C m), UV/Vis
spectra of the non-protonated di/gg are shifted to longer wavelengths at 580 nm ardl 62

nm in the concentration range between 2 % &l I* and 1 x 13 mol I'* (Figure 53a).
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Figure 53. a) Concentration dependence of 1-(1-octyl-noniy)d/-stilbazolium dye 13g in
trichloroethene, T = 22 °C b) Lambert-Beer plot A onc.), R = 0.998 (ak = 625 nm), R=0.998

(atA =580 nm), R=0.999 (ak. = 411 nm).
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Concentration dependence measurements in trithtare show similarities with
spectra obtained in butyl acetate. Dilution of thee solution causes deviations from the
linear behaviour of Lambert-Beer law due to thespree of more protons in solution (Figure
53b).

N-(2-octyl)-decyl-4'-oxy-3'-hexyloxy-stilbazolium dy9 was investigated by UV/Vis
spectroscopy in butyl acetate using quartz celth path length of 1. mm, 2 mm, 5 mm and 1
cm (Figure 54a). Compared with the spectrum of IBgthe intensity of the long wavelength
absorption spectra is inverted. A linear correlaind the Lambert-Beer plot indicates that no

aggregation takes place in butyl acetate (Figukg.54
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Figure 54. a) Concentration dependenceNs{2-octyl)-decyl-4'-oxy-3'-hexyloxy-stilbazolium dy9
in butyl acetate, T = 22°C b) Lambert-Beer plot A(sonc.).

2.4.1.4. Aggregation behaviour of merocyanine dyes solid state

Single crystal X-ray diffraction investigations emade to prove the molecular
model ofN-methyl-4'-oxy-stilbazolium dy&5&* in the solid state.

The dye was obtained itrans conformation. The packing of the molecules is
presented in Figure 55 and show the formation @fdimers having an antiparallel orientation.
The dyes pack in a tetragonal arrangement whiah fdvannels occupied by three molecules
of water per dye molecule. Two molecules of dimbaving an antiparallel fashion are
oriented in the horizontal plane with the distabeéween the molecules of 3.5 A. The next
dimer is oriented vertically. The distance betw#endimers in horizontal plane is 11 A. The
molecules are connected by hydrogen-bonds.

The presence of the water can be confirmed alsgidayiental analysis which indicates
deviations between the calculated and experimeasalts even after drying of the sample for

longer time at 78 °C under vacuum.
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Figure 55. Formation of dimeric aggregates l[¢fmethyl-4'-oxy-stilbazolium dyé&5a as obtained by

single-crystal X-ray diffraction analysis.

Additional data obtained by 3D X-ray measuremémtd 5aare given in Appendix.

2.4.1.5. Solvatochromic effect

Solvatochromic effect of 1-(1-octyl-nonyl)-4'-osyilbazolium dye 13g was
investigated by UV/Vis spectroscopy in 13 solvewith different polarities. The spectra
show a large change of the maximum of the absogb&momA = 495 nm in methanol tb =
625 nm in trichloroethene due to a change in trextenic structure of the dye. The
investigations indicate the largest shift kg in trichloroethene. Increasing the alkyl chain
length, the dye is no longer soluble in water tfreeemost of the measurements were made in
non-polar solvents.

Extensive studies were made bBa to prove the large solvatochromic effect found
between 442 nm in water and 620 nm in chlorofotnuV/Vis investigations indicate
changes in the electronic ground-state structutl wicreasing solvent polarity. Ther*
absorption band is attributed to the non-proton&beah in non-polar solvents, while then*
absorption band in polar solvents correspondsd@thtonated form of the dye.

The dyes can be used as indicator of solvent ippkand several empirical parameters
are used to characterize the solvent properties.

In order to establish the solvent dependencedftransition energy, Brooker et &l.
proposed two solvent polarity parametegsfor bathochromic shifts ang; for hypsochomic
shifts.
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Figure 56a shows a plot @k parameter characteristic for red shifts as a fanobf
the energy oft-n* transition of13g A relatively good correlation coefficient R = 6Bwas
obtained in low polar and polar aprotic solventsplat of yg parameter, characteristic for
blue shifts against the energymofit* transition of dyel3g shows a good correlation in polar

protic and aprotic solvents (Figure 56b).
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Figure 56.a)y (kcal mol*) parameter of Brookers a function of E (kcal md) of 1-(1-octyl-nonyl)-
4'-oxy-stilbazolium dyel3g b) ys (kcal moi*) parameter of Brookers a function of E (kcal md), E =
0.674ys + 14.389 (R = 0.980).

The wavelength (nm) and the wavenumber Ycof thern-n* transition of dyel3gin
different solvents as well as empirical parametgrghe solvent polarity determined by
Kosower (Z) and by Dimroth-Reichard¢0) in kcal mof* are summarized in Table 11:

The solvent polarity parameter(B0), proposed by Dimroth and Reichardt, indicates
the transition energy of thdl-phenolate betaine dyer@0) due to the presence of the
intramolecular charge-transfer. A plot of the(¥) parameter as a function of the
wavenumber' of dyel3gshows a relatively linear correlation, with onlgmall deviation in
the case of tetrachloromethane (Figure 57a).

Another parameter Z, proposed by Kosower, waszetll to measure the ionizing
property of the solvents. The molar transition ggesf the intermolecular charge-transfer of
1-ethyl-4-(methoxycarbonyl)-pyridinium iodide in fidirent solvent has been used as an
empirical parameter of the solvent polarity asrction of the energy of dy&3g Figure 57b

shows a linear correlation between Z (kcal Mand E (kcal mot).
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No. Solvent A Vimax V' max E Z E+(30)
(nm) (cm™) (cm™)  (Kcal/mol) (kcal/mol) (kcal/mol)
1 Methanol 495 20202 20704 57.75 83.6 55.4
2 Ethanol 523 19120 54.67 79.6 51.9
3 Propylene carbonate 552 18116 51.79 72.4 46.0
4 Acetonitrile 577 17331 17513 49.55 71.3 45.6
5 DMSO 584 17123 17483 48.96 70.2 45.1
6 DMF 587 17036 17182 48.70 68.4 43.2
7 Acetone 595 16807 17094 48.05 65.5 42.2
8 Methylene chloride 602 16611 16556 47.49 64.7 7 40.
9 Butyl acetate 614-42 16287 46.57 - 38.5
10 1,4-Dioxane 618-35 16181 16287 46.26 - 36.0
11 Trichloroethene 625-45 16000 45.74 - 35.9
12 Diethyl ether 614-42 16287 16367 46.57 - 345
13 Tetrachloromethane 621-45 16103 16181 46.04 - 7 32

Table 11.1 — wavelength of3gin nm,v'ma — wavenumber of3gin cm?, v'ax— Wavenumber of5a
in cm*, Ex(30) (kcal mof") — empirical parameter of solvent polarity propbsg Dimroth-Reichardt,

Z (kcal mol*) — Kosower empirical parameter.
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Figure 57.a) E(30) (kcal mot) parameter oN-phenolate betaine as a function of E (kcal Hhalf
13g E = 0.508 E + 27.668 (R = 0.944) b) Linear correlation of Zgkmol') parameter of Kosower
as a function of energy E @Bgin (kcal mol*), E = 0.539Z + 12.082 (R = 0.980).

All the parameters presented before characteribesacceptor properties of the
solvents. Gutmann introduced a donor numbers wtlaracterizes the donor ability of the
solvents. The donor number was defined as a negatolar enthalpy value of the donor with
antimony pentachloride which was chosen as referaeceptor? Dye 13g does not show a
good correlation with donor numbBN in polar aprotic and non-polar solvents.
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Generally, a good correlation of dy&g was measured with Kosower parameter Z,
Dimroth-Reichardt E30) parameter as well as witgparameter of Brooker.

2.4.1.6. Substituent effect

In the case of stilbazolium salid, 16, 17 besides dipolar interactions, the ionic
interactions are the driving forces due to a preseof an intermolecular charge-transfer
between the pyridinium cation and the anion. THiei@mce of the substituents attached to the
4'-position of stilbazolium unit on the UV/Vis aliption spectra measured in acetonitrile at
concentration 3 x I0mol ' is presented in Table 12. Merocyanine dge with long alkyl
chain shows the most shifted absorption band at M7 (Figure Al13, Appendix). The
stilbazolium salts possessing electron acceptimgethiylamino and nitro groups in the 4'-
position of the stilbazolium core have ther* transition band at 474 nm and 343 nm
respectively. Compoundss and 16 with hydroxy and methoxy groups in the 4'-positmin
the stilbazolium head group show a shift of the imamn of the absorbance to longer
wavelengths compared with hydrogen substituted ggigures A4-A7, Appendix).

The substituents at the 4'-position of the stiitiam unit will shift the maximum
absorbance to longer wavelength in ordePQ(CHg), > OH > OCH > H > NQ..

Compounds 19 17f 16f 15n 20 13g
Substituents N H OCH; OH N(CH), o
A (nm) 344 347 383.0 386 473 577

Table 12. Influence of the substituents attached to the ditjpm of the stilbazolium unit on the

UV/Vis absorption spectra in acetonitrile.

Compared with spectra of dyi8gin butyl acetate, compourttishows a shift of the
vibrational band of non-protonated form. The fiwgirational band is shifted with 11 nm to
longer wavelength while the second vibrational besrghifted with 13 nm.

Related withN-methyl-stilbazolium dyd5aspectra, dyd 3gwith secondary and long
alkyl chain shows a shift of 10 nm to longer wawglth of ther-n* band.

The effect of different branched alkyl chains ettied toN-position of the stilbazolium
core on the liquid crystalline behaviour was inigeged for dye$a — eand13a — gas well
asl5a — g The dyes do not form liquid crystalline phasdse Telting point®f dyesl13 are
between 85 and 130 °C and do not show large vamnidtty increasing the alkyl chain length.

Similar melting points, between 93 and 123 °C, wierend for dyesa — ¢ Increasing the

70



Results

number of C-atoms, dydxl and6e results in a large increase of the melting pdiat$70 —
180 °C. As a results, the attachment of Iowg2,2-dialkyl ethyl) and secondany-alkyl
chains will not reduce in large extent the stromgpk-dipole interactions. The presence of
water, as probed by 3D X-ray measurements (seetahapt.1.4), and the instability of the
dyes at temperatures > 100 °C, may cause deviatioihe melting points. Generally the dyes

of type6 and13 show a tendency to form glasses on cooling.

2.4.1.7. Fluorescence investigations of merocyaeinlyes

The fluorescence spectrum gives information alblmeiimolecular structure of the dyes
as derived from the absorption spectrum. Fluorescenvestigations were made for 1-(1-
octyl-nonyl)-4'-oxy-stilbazolium dyel3g in ethanol and propylene carbonate. The
experiments were made in a 1 cm path cell at caratéon 1 x 10 mol I

The red emission band represents the fluorescgresdrum ofl3gin ethanol, the blue
band corresponds for the fluorescence of the soly@opylene carbonate) and the green
emission band represents the fluorescence of teardpropylene carbonate. The excitation
spectrum (black) indicates that only the protondimun of the dye shows fluorescence
(Figure 58).

80 -
60 - — ethanol
— propylene carbonate
40 - propylene carbonate
20 - —— excitation
0 S ‘
350 450 550 650 750

wavelength (nm)

Figure 58. Fluorescence measurements of 1-(1-octyl-nonylydrbxy-stilbazolium dyel3g in
ethanol...red, propylene carbonate...green, fluorescafcpropylene carbonate...blue, excitation

spectrum...black.
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2.5. Photo-E.M.F measurements dfl-alkyl-3- and -4-substituted

pyridinium salts and stilbazolium compounds

The photoconducting properties Mfalkyl-3- and -4-substituted-pyridinium salts;
alkyl-4'-substituted stilbazolium salts as wellodighe stilbazolium dyes were investigated by
PhotoElectraViotive-Force  (Dember-effect). Laser flash irradiation getes in
photoconductors electron/holes pairs which caudifasion of the charge carriers and e
into the inner part of the crystal giving a chaggparation due to different mobilities of
electrons and holé.The transient electrical potential between thenilhated and the dark
sides of the crystal was measured by this metfidtie voltage U(t) is directly proportionally
with the number of separated charges. When nogmigameasured the samples do not show
any semiconductor properties. When the electrongenfiaster than the holes we have an n-
type photoconductor because the illuminated sidin@fsample is positively charged (Figure

59).
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Figure 59. Measurement principle of the photo-emf for an petyphotoconductét 1. Transparent

NESA-glass electrode 2. Isolating polyethylene 3oibample 4. Metal rear electrode.
Sample preparation:

General procedure A solution of polyvinyl butyral (PVB) in 1, 2-didoethane (10 % mass
PVB) and 100 mg of investigated compound were mipge@ min. at room temperature in a

ball-mill apparature (Ardenne vibrator, the ballindiameter was 1 cm) in order to obtain the
wanted optical density. After mixing, the suspensias poured on the flat glass plate which

was treated before with chlortrimethylsilan. Theatps were dried for two days at room
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temperature under solvent atmosphere. The solesidue was removed by drying the plates
for one week in a desiccator, under vacuum andgusiolecular sieves (3 A). A layer
thickness with a size between 60 andif®was obtained.

Semiconducting properties of the following subst N-(2-propyl)-pentyl-4'-oxy-
stilbazolium dye 6c, N-eicosyl-4-methyl-pyridinium bromidel4m, N-methyl-4'-oxy-
stilbbazolium dye 153 N-eicosyl-4'-methoxy-stilbazolium bromidel6e N- eicosyl-
stilbazolium bromidel7e N-eicosyl-4-phenyl-pyridinium bromid€le and N-eicosyl-3-
phenyl-pyridinium bromid@2ewere investigated.

Pieces with an area of 1 &rwere placed between the electrodes, see Figure 56,
thermalized to 25 °C and flash illuminated usindG0 kV N-laser, tqash = 0.4 ns. The
photoinduced time dependent electrical potentiaét®rded by a digital storage oscilloscope
with an over all time resolution o130 ns.

The investigated compounds were measured witme tésolution between 20 ms and
250 ns at 25 °C.

The investigated compounds have no photocondugiingerties. The absence of a
photo change can be explained using the pictura 8D X-ray structure oN-methyl-4'-oxy-
stilbazolium dyel5a Dimers with distance of 3.5 A would be able tmgport localized e
pairs, but a distance of 11 A to the next dimetoisarge for an effective charge separation

and transport.
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3. Summary

N-alkyl-3-substituted and 4-substituted pyridiniunalts 14, 21, 22, N-alkyl-4'-
substituted-stilbazolium saltsb — 17as well as merocyanine dyes of the stilbazoliupety
with N-alkyl 15a — g secondar\-alkyl 13a — gandN-(2,2-dialkyl ethyl)-substituentsa — ¢
7 and9 were synthesized and characterized by polarizirggascopy, differential scanning
calorimetry, X-ray and UV/Vis spectroscopy. The gamunds were synthesized in order to
study the effect of the elongation of aromatic ogmaup, the influence of the alkyl chains, the
counter ions and of the different substituentscagd to the stilbazolium unit on their liquid
crystalline behaviour.

The general structure of the synthesized and tigated compounds is shown in
Scheme 15:

@ —
H-(CHZ),1—|\|/\\:/>7CH3 o=\ &
H-(CHz)n—N\ /
X@

nél-zz
l4a-n X=Br,I 15a-g¢g n=1-9

©)
@/~ &= o
- 2/n

X (CHp)-H

2la-j n =16, 18, 20, 22 6a- e
X= C|_, Br, I, Bph4_, C7H8803_ n=3,5,8, 10, 12
R
S
O YA YA
@/ \ 7/
H-(CHz)n_N\ / H'(CHZ n
(CHR)p-H
X@ n =16, 18, 20 ,22 _
o 7.9 n=3,8
22a - f X =Br, | R = OCHs, OCgH13

©
&= R H-(CH — o)
H-(CH2F N /H/ C ( 2)*>}%:\ /> / < >

O © H-(CH)4
X X =Br, I
R.=OH 15h-n n=14-22 13a-g
OCH;, 16a-f
H 17a - f n=1,2,4,56,79
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CHs
Cla / NO, @/ / N\
H-(CHZ)ﬁN\ / H-(CHz)ﬁN\ / CHj

19 20
Scheme 15General structure of the synthesized and invastibeompounds) — number of C-atoms

in the alkyl chain.

N-alkyl-3- and -4-substituted-pyridinium salts wiibtng alkyl chains = 18 display
SmA phases upon heating above their melting pdihe formation of SmA phase was
confirmed by polarizing microscopy and X-ray difftan measurements. A CPK model of
the investigated compounds shows a head to tahgement of the molecules within the
layer with the anion localized between the aromanigs.

The simple 4-methyl substituted compouddsinduces a large stability of the SmA
phase compared with corresponding saltend22, indicating that elongation of the aromatic
core destabilizes the mesophase. Additionally,edds to the formation of an ordered
intermediate mesophase M in the case of bromtde3he more bulky 3-phenyl-pyridinium
head group ir22 lowers the melting points drastically and reduttestemperature range of
LC phases. The SmA temperature range increases apaohing substituents to the
pyridinium unit in the order 4-methyl4) > 3-phenyl 22) > 4-phenyl 21).

The alkyl chains and the counter ions have a lanfjeence on the stability of the
SmA phase. Increasing the length of the alkyl chaiof salts14, 21 and 22 causes the
melting points to remain nearly constant while ¢chesaring temperatures increase.

By changing the anion from iodide to bromide anentto chloride, as in the case of
compound=1 with alkyl chainn = 22, the tendency to form LC phases increasesnikipg
on the size of the anion. Reducing the size ofathien leads to a better stabilization of the
layers, as supported by observations on CPK moldetguse an anion with a smaller size is
readily accommodated near the pyridinium ring. Bepiment of the halides by a counter ion
with a larger size, as tetraphenylborate, resuol& decrese of the stability of the SmA phase.
Therefore, it can be conclude that the increasbdrclearing points is caused by a decrease in
the size of the anion in the order chloride > brenk iodide > tetraphenylborate. The
presence of the flat anion p-toluenesulfonate Nidocosyl-4-phenyl-pyridinium salflj,
indicates that the tendency to form a SmA phaseppressed.

UV/Vis investigations orN-alkyl-3- and -4-substituted-pyridinium iodides, asered
in low polar 1, 2-dichloroethane, show deviationsnf Lambert-Beer law which indicates

that additional ion pairs are formed in solutionedio the presence of a charge-transfer
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complex between the pyridinium cation and the ied@h. When the iodide ion was replaced
by bromide, the charge-transfer band is no longesgnt and a linear Lambert-Beer plot
indicates that no other species are formed in isoiut

AFM investigations omM-octadecyl-4-methyl-pyridinium iodide at 55 °C indied the
formation of fibres on mica and graphite suppoktsnodel using the dimension of molecules
in the long axis showed the formation of 95 doubhigers on mica and 207 double layers on
graphite. Isothermal titration calorimetry of themsee compound gives a critical micelle
concentration of 1.5 x 10mol I* in water.

N-Alkyl-4'-substituted-stilbazolium salt$5 — 17with alkyl chainn > 14 show fan-
shaped textures characteristic of SmA phase und&riping microscopy. Stilbazolium
compoundsl5 — 17 show higher temperatures of the transition SmArggnc liquid in
comparison to the pyridinium salts of tyfd, 20, 21 Thus, thermal decomposition of the
salts upon heating above 200 °C has a major inflei@m the stability of their mesophases.
Therefore, besides the ionic interactions, theidiquystalline behaviour is influenced, in the
case of saltd5 and 16, also by stronger dipolar interactions by introaigchydroxy and
methoxy groups in the 4'-position of the stilbaawiiunit. This can be easily explained by the
chemical structure allowing strong mesomeric inteoas between the methoxy and hydroxy
group as electron donors and the quaternary ammmograoup as an acceptor (intramolecular
charge-transfer).

Generally, the salts with bromide anion show acrease of the mesophase
temperature rangkT with increasing alkyl chain lengtin

The stability of the SmA phase decreases by isanganion size.

By replacing the hydroxy group from the 4'-positiof the stilbazolium core with an
oXxy substituent, by deprotonation, the dipole-dgpimiteractions will be the governing forces
for association. This interaction leads to a hesldelimerization of the dye molecules and
affords high activation barriers for reorganizatitm liquid crystalline (supramolecular)
arrangements. In order to reduce the activationezarfor reorganization at the stilbazolium
units, longN-alkyl chains, secondary aidt(2,2-dialkyl ethyl) substituents were attached to
the aromatic core.

Deprotonation of the hydroxy group from the 4'ipos of the stilbazolium unit,
resulted in the formation of merocyanine compoumusyhich the dipole-dipole interactions
are the governing forces. Elongation of the allkhio length up ton = 22 carbons as well as
the attachment of secondaxyalkyl substituents, in the case of merocyanib@s — g or N-

(2,2-dialkyl ethyl) substituents, in the case ofraoganinea — ¢ 7 and9, do not overcome
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the strong dipolar interactions. This explains vihg compounds regularly have no liquid
crystalline properties.

UV/VIS spectroscopy has been utilized to study aoganine dye aggregation in
solution using a significant number of solventshwdiifferent polarities. Lambert-Beer plots
indicate that the dyes do not show aggregationoim aqueous/organic solvents over a wide
range of concentrations (< i@nol I).

Aggregation of the merocyanine dyéskes place in the solid state. 3D X-ray
investigations of a dye molecule with a short al&yhin show the formation of dimers with
antiparallel oriented dipole moments. The dimerskpa a flat tetragonal arrangement which
form channels occupied by three molecules of wageidye molecule.

The dyes are sensitive to the acidity of the sulvehowing protonation-deprotonation
equilibrium. Generally, these dyes may be used ey sensitive indicator molecules for
protons.

Fluorescence investigations made for the 1-(1tewinyl)-4'-oxy-stilbazolium dye
13g in ethanol and propylene carbonate show that omdy protonated form of the dye
fluoresces.

The influence of the substituents attached toAthmosition of stilbazolium unit on the
UV/Vis absorption spectra measured in acetoniiiiea concentration 3 x TOmol I* is
presented in Table 13. The substituents on thegitipn of the stilbazolium unit shift the

maximum absorbance to longer wavelength in order 8(CHs), > OH > OCH > H > NQ..

Compounds 19 17f 16f 15n 20 13g
Substituents N H OCH; OH N(CH), o

n 22 22 22 22 22 9

A (nm) 344 347 383.0 386 473 577

Table 13. Influence of the substituents on the 4'-positionthd stilbazolium unit on the UV/Vis

absorption spectra.

Cis-trans isomerization of the stilbazolium salts and dyessvinvestigated byH
NMR and UV/Vis spectroscopy and indicate a slowrtha back reaction to thieans form.
Merocyanines do not form a stalgis isomer at room temperature.

The investigated solid compounds, merocyaninel tWitlkyl chain, N-(2,2-dialkyl
ethyl) substituents as well &keicosyl-3- and -4-substituted pyridinium bromiaggype 14,
21 and22 andN-eicosyl-4-substituted-stilbazolium bromides ofay® and17, do not show
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any photo-polarisation in PEMF-measurements. Thisni agreement with the solid state
structure of merocyanines. Absorption of light fesin a local excited state but the large
distances between the merocyanine dimers (11 A)ad@llow any dissociation of the/le

pairs to free charge carriers.
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4. Experimental part

The following substances were commercial available:

Acetic anhydride (Acros)

p- Anisaldehyde (Acros)
Benzaldehyde (Acros)
1-Bromodocosane (Aldrich)
1-Bromoeicosane (Aldrich)
1-Bromohexadecane (Acros)
1-Bromooctadecane (Acros)
1-Bromooctane (Acros)
1-Bromopentane (Lancaster)
1-Bromopropane (Acros)
1-Bromotetradecane (Acros)
Decyl aldehyde (Acros)

3, 4-Dihydroxybenzaldehyde (Acros)
Dimethyl malonate (Acros)
Heptaldehyde (Acros)

Hexanal (Acros)
4-Hydroxybenzaldehyde (Acros)
1-lodohexadecane (Aldrich)
1-lodohexane (Acros)
lodomethane (Acros)
1-lodononane (Aldrich)
1-lodooctane (Acros)
1-lodopropane (Acros)

Lithium aluminium hydride (Acros)
Lithium chloride (Lancaster)
Magnesium (Acros)
4-Methoxybenzaldehyde (Acros)
4-Nitrobenzaldehyde (Acros)
3-Pentanol (Acros)

4-Phenylpyridine (Fluka)
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3-Phenylpyridine (Fluka)
4-Picoline (Acros)

Piperidine (Reachim)

Sodium sulfate anhydrous (Acros)

Vanillin (Acros)

General procedures and analytical data of the syhesized compounds

All the solvents were dried using general stangeodedure§®

The investigated compounds were dried for at leestdays under vacuum (2 Torr) at
temperatures below the melting points or maximurd 10 for high melting salts and using
P,Os as drying agent.

The structure of the intermediates and final conmois was confirmed b{H and**C
NMR using a Varian Gemini 200 and Varian Unity 48@d 500 spectrometers. Due to the
bad solubility of dyes in low polar solvents thesa of merocyanines of tyge7, 9 and15
were made in DMSO«d Therefore, most of the NMR spectra of the dyessueed in the
hygroscopic DMSO-glshow the protonated form of the dye.

Elemental analysis was performed by a Leco CHN&#8trument.

The MS spectra were taken on the instrument AMP #0m Intectra GmbH (70 eV).
ESI-MS spectra were obtained using a Finnigan LQ&csometer from Thermo Electron
Corp. (4.1 kV) and using as a solvent methanol.

The calorimetric measurements were made usingridnPielmer DSC-7 differential
scanning calorimeter with a heating-cooling ratel6f°Cmin™. In the case of pyridinium
salts 14, 21 and 22 the transition temperatures, which are summaripedables 1 — 4,
correspond to the second heating. Due to a pae@dmposition of the stilbazolium salts, the
transition temperatures presented in Tables 5erfégpond to the first heating. The samples
were heated to ca. 120 °C before DSC measurementserhove traces of water.
Thermogravimetric measurements were made using A& B instrument (Netzsch) and
show that the compounds start to decompose at tatopes above 200 °C. Saiseandl16e
show by termogravimetric analysis a loss of weh100 °C which corresponds to 0.8 mol
water (2.78 %) for saRleand 0.16 mol water (0.52 %) for saie

Microscopic investigations were performed by a dwikOptiphot 2 polarizing
microscope which was connected with a Mettler FH8Zheating stage.

X-ray investigations on powder-like samples wei@ried out with a Guinier

equipment (film camera and goniometer, both by Hubéth samples in a temperature-
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controlled heating stage using quartz-monochroredti€uko radiation (calibration of the
film patterns with the powder pattern of Pb(}£ Two-dimensional patterns for aligned
samples on a temperature controlled heating stage wecorded with a 2D detector (HI-
STAR, Siemens). The substances had to be heatedriémtation, into the isotropic liquid
during the sample preparation for the X-ray in\gaions. Furthermore, the samples for the
Guinier measurements were sealed in glass capsl§timm), those for the 2D measurements
were drops on a glass plate aligned at the samglss or at the sample — air interface.
Taking into account the influences of water andtigiardecomposition, the transition
temperatures and even the phases observed undesotititions of the different X-ray
measurements may differ from each other and franftiund by the other methods.

3D X-ray investigations were made for single crigstaf 15a Intensity data were
collected on a STOE IPDS diffractometer with Mq #diation { = 0.71073 A, graphite
monochromator). The structure was solved by dineethods with SHELX-88 and refined
using full-matrix least-square routines agaiR$twith SHELX-97%. Hydrogen atoms were
added to the model according to the “riding modeid refined with isotropic displacement
parameters while the non-hydrogen atoms were mkfingth anisotropic displacement
parameters.

The conductivity ofN-octadecyl-4-phenyl-pyridinium iodid21d was measured with
a Solartron Schlumberger Impedance Analyzer Sl1R6@ombination with a Chelsea
interface. The measurements were made over theeney range of 010" Hz using a
capacitor made from brass and coated with gold.distance between the electrodes was 0.1
mm. The capacitor was calibrated with cyclohexane.

The UV/Vis measurements were made on UV 3101 RCtepmeter from Shimadzu
Company and the fluorescence measurements weredegcon a Perkin Elmer LS 50B
instrument. Steady state photolysis was carriedoauh optical bench equipped with a High
Pressure silber lamp HBO200 (OSRAM), a cell filleath water and containing filters
(Monochromat filters HgMon 365, HgMon 405, HgMon648r HgMon 577 or Zeiss MIF
254 withAA 4 nm and filters SChitt code 805, 601 and 781yvel as a cell holder with a
magnet stirrer. For UV/Vis measurements as welbaphotoisomerization experiments were
utilized quartz cells Suprasil (Hellma) with creaps.

Lyotropic investigations were made on VP-DSC saagealorimeter (MicroCal, Inc.,
Northampton, MA) with a heating rate of 1-f@n™.

Isothermal titration calorimetry was performed twé MicroCal OMEGA titration

calorimeter and an MCS ITC unit (MicroCal, Inc.,®i@ampton, MA). The reaction cell (V =
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1.34 ml) was filled with water. The removable int#gd injection stirrer syringe was loaded
with surfactantl4k, and the two solutions were mixed by injectingX78.75 ul of micellar
surfactant solution (2 mM) in the reaction cell.rdg the experiment the syringe was rotated
with ~ 400 rpm. The experimental data were analymsdg the Origin software (MicroCal).

AFM investigations were made using a TMX 2010 BExet of TopoMetrix atomic
force microscope. The samples were heated to [@otrbefore measurements. The
measurements were performed at 55 °C on mica aphije supports.

Melting points ofN-(2,2-diethyl ethyl) stilbazolium dye6a — ¢ 7 and9 and of
secondaryN-alkyl-stilbazolium dyesl3a — gwere taken by polarizing microscope and
differential scanning calorimetry measurements. uthe partial decomposition of the dyes
at temperatures 100 °C and also the presence of the water maythikiimelting points.

pH-dependence measurements of Bgevere made by UV/Vis spectroscopy using
buffer solutions (Fluka) with pH = 4 (containingtra acid/sodium hydroxyde/sodium
chloride), pH = 7 (containing sodium hydroxide/ssiam dihydrogen phosphate), pH = 8,
8.5 and 9 respectively (containing sodium tetratedingdrochloric acid), pH = 10 (containing
sodium tetraborate/sodium hydroxide) and pH = bhi@ning boric acid/sodium hydroxide).

For column chromatography was utilized Silica g@!(0.063 - 0.200 mm or 0.040 -
0.063 mm) and for reverse phase chromatographgaSgel 60 RP - 18 (0.040 - 0.063 mm)

from Merck.

Purification of the merocyanine dyes by column chrmatography:

General procedure:

Merocyanine dyes were purified by column chromaapby with Silica gel 60 using diethyl
ether and ethanol as eluents. The dimensions afdluenn were 45 x 4.5 cm. The bottom of
the column was filled with glass wadding. The siligel was mixed with diethyl ether in a
glass beaker and then poured into the column. Wasetaken to avoid air bubbles. To the top
of the stationary state was added a layer of saratder to protect the shape of the organic
layer. The dye (2 g) was dissolved in a small amofiethanol and pipetted onto the top of
the stationary state. The ratio dye/silica gel W#&5. After adding the dye solution, 4-
hydroxy-benzaldehyde was eluted first with dietlegher (500 ml). After collecting the
aldehyde, ethanol (500 ml) was then used to ehd#epure dye. For a good separation, the
eluent was collected in small fractions (2 ml).tlhe case of purification by reverse phase
chromatography, the preparation of the column vimdas but Silica gel 60 RP-18 was used

and methanol was employed as solvent instead aheth
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4.1. Synthesis of stilbazolium dyes 6 — 9

4.1.1. Dialkylated diesters 1la —d

General procedure

Sodium methanolat was prepared using methanol (®)@Gnd sodium (1 mol, 2.3 g) in a
three-necked flask equipped with a dropping funtteymometer and reflux condenser with
calcium chloride. 1 mol of dimethylmalonate and5lrol 1-bromoalkanes were added with
a dropping funnel to the hot solution of sodium magiblat during 2 h. After heating at reflux
for 16 h and stirring over night at room temperatuthe methanol was removed under
reduced pressure and the mixture was poured istolige organic phase was separated, and
the water phase was extracted for three times #igthyl ether (3 x 100 ml). The organic
phases were combined and dried over anhydrous reoglulfate. After evaporation of the
diethyl ether by distillation, the monoalkylatede¥swas obtained. The crude product was
utilized for the next step without further purifican. The procedure was repeated using the
monoalkylated diester and the halogen derivativehénratio 1/1.05, by the same procedure,
in order to get the double alkylated diester. Coomals 1a and 1b were purified by
distillation under reduced pressure and compouredend 1d were utilized for the next step

without further purification due to the high botjmpoints.

Comp. la 1b 1c 1d
n 3 5 8 12
Yield (%) 61.0 36.75 51.4 63.0
O O

Aoy

H-n(H2C)  (CHo)q-H

Di-n-propyl-malonic acid dimethyl estéga:

b.p.=75°Cat7 Torr

'H NMR (CDCk, J/Hz, 400 MHz)8 = 3.52 (s, 6 H, OH3), 1.70-1.65 (m, 4 H, B,), 1.29-
1.14 (m, 8 H, (€l2)2, 0.74 (t2J(H,H) = 7.26, 6 H, Ei3).

Di-n-pentyl-malonic acid dimethyl estéb:
b.p.=110-115°Cat 7 Torr
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'H NMR (CDCk, J/Hz, 400 MHz)8 = 3.66 (s, 6 H, O83), 1.84-1.80 (m, 4 H, B,), 1.29-
1.18-1.05 (m, 12 H, (8.)s), 0.83 (t,°J(H,H) = 6.9, 6 H, Ei3).

Di-n-octyl-malonic acid dimethyl estéc:
'H NMR (CDCk, J/Hz, 400 MHz)8 = 3.60 (s, 6 H, O83), 1.81-1.75 (m, 4 H, B,), 1.20-
1.17-1.02 (m, 24 H, (B.)e), 0.78 (t,°J(H,H) = 6.8, 6 H, Ei3).

Di-n-dodecyl-malonic acid dimethyl esthd:
'H NMR (CDCk, J/Hz, 200 MHz)8 = 3.71 (s, 6 H, OB3), 1.87-1.80 (m, 4 H, B,), 1.24-
1.15 (m, 40 H, (El2)10), 0.86 (t2J(H,H) = 6.6, 6 H, El5).

4.1.2. Monoesters 2a—d

General procedure

A solution of2b (0.097 mol, 26.4 g) in dimethyl sulfoxide (338 rohntaining water (0.097
mol, 1.75 g) and lithium chloride (0.19 mol, 8.0bvwgps heated for 8 h at reflux temperature.
The reaction mixture was diluted with water and dihganic phase was separated. The water

phase was extracted with (3 x 200 ml) diethyl etredt the extracts were combined, washed

with water (3 x 100 ml) and brine (100 ml) and drver sodium sulfate. The produ@a
and2b were purified by distillation under reduced pressand the produc®c and2d were
purified by column chromatography using silica geld chloroform as eluent to give a

colourless liquid.

Comp. n Diester 1a - d LiCl H,O DMSO
2a 3 0.097 mol 0.190 mol 0.097 mol 338 ml
2b 5 0.126 mol 0.246 mol 0.126 mol 440 ml
2c 8 0.514 mol 0.990 mol 0.514 mol 900 ml
2d 12 0.461 mol 0.900 mol 0.461 mol 600 ml
(@)

Comp. 2a 2b 2c 2d
~ (CHy)y-H
(@) n 3 5 8 12
(CHz)p-H Yield (%) 48.5 72.0 92.8 85.3
2a-d

2-n-Propyl-pentanoic acid methyl esta
b.p.=45-50°C at 7 Torr
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'H NMR (CDCk, J/Hz, 400 MHz)$ = 3.65 (s, 3 H, O83), 2.38-2.33 (m, 1 H, B), 1.62-
1.22 (m, 8 H, (€l,),), 0.88 (t3J(H,H) = 7.26, 6 H, E5).

2-n-Penthyl-heptanoic acid methyl es?ér:

b.p.=85-90°C at 7 Torr

'H NMR (CDCk, J/Hz, 400 MHz)8 = 3.63 (s, 3 H, O83), 2.33-2.26 (m, 1 H, B), 1.57-
1.20 (m, 16 H, (€l,),), 0.85 (t3J(H,H) = 6.64, 6 H, El5).

2-n-Octyl-decanoic acid methyl estar:
'H NMR (CDCk, J/Hz, 400 MHz)8 = 3.62 (s, 3 H, O83), 2.32-2.19 (m, 1 H, B), 1.59-
1.21 (m, 28 H, (€l,)), 0.83 (t,3J(H,H) = 6.8, 6 H, Ei5).

2-n-Dodecyl-tetradecanoic acid methyl es?dr

'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.65 (s, 3 H, OB3), 2.27-2.25 (m, 1 H, B), 1.55-
1.22 (M, 44 H, (B2)12), 0.83 (t.3J(H,H) = 6.9, 6 H, El3).

4.1.3. Alcohols 3a—e

General procedure

In a three-necked flask equipped with dropping &inthermometer and reflux condenser
with calcium chloride was added by dropping 0.068 &a (11 g) in diethyl ether (82 ml) to
0.069 mol lithium aluminium hydride (2.62 g) suspiem in diethyl ether. After heating for
10 h at reflux, the reaction mixture was cooledaom temperature, hydrolyzed with ice and
acidified with hydrochloric acid. The organic phagas separated and the water phase was
extracted with diethyl ether (3 x 100 ml). The arigaphases were combined, washed with
brine and dried over sodium sulphate. After evaipamaof diethyl ether by distillation, the
residue was fractionally distilled under reducedsgure. The alcoh@e was utilized for the
next step without purification.

Comp. n monoester LiAIH,4 diethyl ether Yield (%)
3a 3 0.069 mol 0.069 mol 82 ml 80.2
3b 5 0.090 mol 0.090 mol 100 ml 75.7
3c 8 0.477 mol 0.477 mol 275 ml 50.3
3e 12 0.393 mol 0.393 mol 250 ml 48.6

3d[89]
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1 5 (CHy,H

HO/T
( Hz)n'H
2-Propyl-pentan-1-o8a:

colourless liquid, b.p. =80 -82 °C at 12 Torr
'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.38 (d2J(H,H) = 5.60, 2 H, E,%), 1.39-1.35 (m, 1 H,
CH?), 1.27-1.20 (m, 8 H, (B.)2), 0.80 (t,3J(H,H) = 7.0, 6 H, Ei3).

2-Pentyl-heptan-1-dBb:

colourless liquid, b.p. =96 — 97 °C at 7 Torr

'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.49 (d2J(H,H) = 5.39, 2 H, E,%), 1.44-1.41 (m, 1 H,
CH?), 1.31-1.20 (m, 16 H, (8,).), 0.85 (t,3J(H,H) = 6.9, 6 H, El5).

2-Octyl-decan-1-08c:

colourless oil, b.p. =150 °C at 20 Torr

'H NMR (CDCk, J/Hz, 400 MHz)$ = 3.49 (d,J(H,H) = 5.60, 2 H, ©,%), 1.42 (bs, 1 H,
CH?), 1.24-1.15 (m, 28 H, (8,)7), 0.85 (t,3J(H,H) = 6.8, 6 H, El5).

2-Decyl-dodecan-1-dd:

colourless oil

'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.50 (d2J(H,H) = 5.39, 2 H, €,"), 1.43-1.42 (m, 1 H,
CH?), 1.24-1.03(m, 36 H, (8,)s), 0.86 (t,>J(H,H) = 6.8, 6 H, El5).

2-Dodecyl-tetradecan-1-de

yellowish solid, m.p. =36 °C

'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.51 (d2J(H,H) = 5.60, 2 H, E,%), 1.43-1.42 (m, 1 H,
CH?), 1.24-1.03 (m, 44 H, (8,)11), 0.86 (tJ(H,H) = 6.8, 6 H, El).

4.1.4. Alkyl halides 4a — e

General procedure
0.069 mmol (6.21 g) of phosphorous tribromide waddea with a dropping funnel to 0.023

mmol (9 g) of3a during two hours by keeping the temperature at—0C0C. The reaction was
stirred over night at room temperature and hedtedhéxt day at 80 °C for 2 h. In the case of
the compounds with long alkyl chains the mixturesweeated at 80 °C for 2 days. After
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cooling to room temperature the reaction mixture waured into water and the organic phase
was separated. The water phase was extracted etthydether (3 x 100 ml) and the unified
extracts were dried over sodium sulfate. The comgsuwere purified by water steam
distillation and by column chromatography usingcailgel 60 and petrolether as eluent to

give a colourless liquid.

Comp. n 3a-e PBg Yield
4a 3 0.069 mol 0.023 mol 68.1 %
4b 5 0.038 mol 0.013 mol 67.1 %
4c 8 0.120 mol 0.039 mol 93.0 %
4d 10 0.030 mol 0.010 mol 22.7%
de 12 0.189 mol 0.062 mol 46.3 %

1
CH,),-H
BI’/TZ( 2)n
( H2)n'H
4-(1-Bromomethyl)-heptanta:

'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.41 (d2J(H,H) = 4.77, 2 H, E,%), 1.63-1.56 (m, 1 H,
CH?), 1.42-1.17 (m, 8 H, (B.)>), 0.89 (t3J(H,H) = 6.6, 6 H, Ei3).

6-(1-Bromomethyl)-undecardi:
'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.43 (d2J(H,H) = 4.77, 2 H, E,%), 1.59-1.55 (m, 1 H,
CH?), 1.41-1.22 (m, 16 H, (8,).), 0.88 (t,J(H,H) = 6.9, 6 H, Els).

9-(1-Bromomethyl)-heptadecade:
'H NMR (CDCk, J/Hz, 500 MHz)8 = 3.43 (d,J(H,H) = 4.76, 2 H, El,"), 1.65 (bs, 1 H,
CH?), 1.35-1.18 (m, 28 H, (8.)7), 0.87 (t,J(H,H) = 6.9, 6 H, Els).

11-(1-Bromomethyl)-heneicosadé:
'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.42 (d2J(H,H) = 4.77, 2 H, E,%), 1.58-1.56 (m, 1 H,
CH?), 1.37-1.23 (m, 36 H, (8,)g), 0.87 (t,J(H,H) = 6.9, 6 H, Els).

13-(1-Bromomethyl)-hexacosase
'H NMR (CDCk, J/Hz, 400 MHz)5 = 3.42 (d2J(H,H) = 4.77, 2 H, E,%), 1.58-1.52 (m, 1 H,

CH?), 1.37-1.25 (m, 44 H, (8,)11), 0.86 (tJ(H,H) = 6.8, 6 H, El).
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4.1.5. Picolinium salts withN-(2,2-dialkyl ethyl) substituents 5a - e

General procedure

4-Picoline and 1-bromoalkanes (1/1 molar ratio) evelissolved separately in a double
volume of CHNO,. The solutions were unified and heated for 18 ®0atC. After cooling to
room temperature, the solvent was evaporated hyceebpressure. The unreacted 4-picoline
was removed by washing several times with dietliyte Some of the salts were purified by
column chromatography with silica gel and diethtfiez as eluent to collect the 4-picoline
and then the solvent was changed with ethanol arall $ractions were collected to get the

pure product (see procedure, page 82.)

Comp. n da-e 4-picoline yield
5a 3 0.028 mol 0.028 mol 78.4 %
5b 5 0.025 mol 0.025 mol 52.5 %
5¢c 8 0.110 mol 0.110 mol 16.4 %
5d 10 0.049 mol 0.049 mol 25.4%
5e 12 0.006 mol 0.006 mol 15.5%

a b
Ol c d
N\ / CH3
H—(CH2>n—<7 1,
(CHZ)n'H Br
ba-e

N-(2-propyl)-pentyl-4-methyl-pyridinium bromiéex

'H NMR (DMSO, J/Hz, 400 MHz)5 = 9.0 (d,2J(H,H) = 6.64, 2 H, AtH*%), 8.01 (d>J(H,H)
=6.22, 2 H, ArH™), 4.50 (d,2J(H,H) = 7.67, 2 H, El,Y, 2.61 (s, 3 H, B3%, 2.03-2.00 (m,
1 H, H?, 1.33-1.07 (m, 8 H, B,>**%, 0.80 (t,°J(H,H) = 6.9, 6 H, Ei5>°). *C NMR
(DMSO, 100 MHz)s = 158.85 €9, 143.86 C*%), 128.18 C?), 63.24 (Y, 38.34 (),
32.10, 21.34, 18.52 (&**9, 14.03 C>°).

MS (El, 70 eV)m/z 93, 106, 205 (N+HB).

m. p. =153 °C

N-(2-pentyl)-heptyl-4-methyl-pyridinium bromib:

'H NMR (DMSO, J/Hz, 400 MHz)5 = 9.0 (d,2J(H,H) = 6.64, 2 H, AH*%), 7.97 (d2J(H,H)
= 6.22, 2 H, ArH™P), 4.43 (d3J(H,H) = 7.47, 2 H, El,), 2.58 (s, 3 H, 657, 1.97-1.94 (m,
1 H, CH?), 1.25-1.05 (m, 16 H, B,>*°9, 0.80 (t,3J(H,H) = 7.0, 6 H, E5""). **C NMR
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(DMSO, 100 MH2)3 = 159.49 €7), 144.43 C*%), 128.78 (°*), 64.00 (), 39.34 €Y,
31.88, 30.38, 25.47, 22.39, 21. ¢ Y, 14.33 7).

N-(2-octyl)-decyl-4-methyl-pyridinium bromiée:

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.97 (d*J(H,H) = 6.43, 2 H, ArH*%), 8.00 (d2J(H,H)
=6.43, 2 H, ArH™), 4.47 (d2J(H,H) = 7.67, 2 H, ©,%), 2.60 (s, 3 H, €57, 1.97 (m, 1 H,
CH?), 1.26-1.10 (m, 28 H, B,>*°9%, 0.83 (t,%)(H,H) = 6.8, 6 H, €. °C NMR

(DMSO, 100 MHz)s = 158.71 €9, 143.77 C*%), 128.08 C*?), 63.33 CY), 38.71 C?),

31.18, 29.74, 29.05, 28.70, 28.49, 25.17, 22.082C>399, 13.87 ¢1*9).

MS (EI, 70 eV)m/z 107, 232, 253, 345 (MHBI).

m. p. =93 °C

N-(2-decyl)-dodecyl-4-methyl-pyridinium bromisie

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.89 (d*J(H,H) = 6.84, 2 H, AH*%), 7.98 (d2J(H,H)
= 6.43, 2 H, ArH™P), 4.42 (d3)(H,H) = 7.47, 2 H, E1,"), 2.60 (s, 3 H, B3%, 1.86 (m, 1 H,
CH?), 1.26-1.22 (m, 36 H, B>, 0.84 (t,°J(H,H) = 6.8, 6 H, E5*"). 1*C NMR

(DMSO, 100 MHz)s = 159.21 €, 144.15 C*9), 128.81 C*), 64.08 CY), 39.31 C?),

31.79, 30.34, 29.61, 29.49, 29.31, 28.87, 25.86®21.92 ¢>*1111'y 13.87 ¢*213,

N-(2-dodecyl)-tetradecyl-4-methyl-pyridinium brommbk

'H NMR (DMSO, J/Hz, 400 MHz)8 = 8.90 (d*J(H,H) = 6.44, 2 H, AH*%), 7.98 (d2J(H,H)
=6.43, 2 H, ArH™), 4.43 (d2J(H,H) = 7.47, 2 H, @Y, 2.60 (s, 3 H, €57, 1.97 (m, 1 H,
CH?), 1.28-1.06 (m, 44 H, B,>>3 0.84 (t,°JH,H) = 6.8, 6 H, E5**. 1*C NMR
(DMSO, 400 MHz)s = 158.88 C°), 143.87 C*9), 128.20 C"?), 63.47 (&), 38.66 C?),
31.19, 29.67, 28.96, 28.93, 28.90, 28.78, 28.66XR&5.08, 21.99, 21.3C{* 1313y 13.84
(Cl4,14')

MS (El, 70 eV)m/z 94, 365, 457 (MHBr). EA: CsoHeoBrN (Calc.) C: 71.34 %, H: 11.23 %,
N: 2.60 %, (Found) C: 71.11 %, H: 11.36 %, N: 2960

m. p. =80 °C

4.1.6.N-(2,2-dialkyl ethyl)-4'-oxy-stilbazolium dyes 6a -e

General procedure

In a two-necked flask equipped with thermometer i@fidix condenser with calcium chloride
tube were introduced 0.01 mmol (3%9, 0.01 mmol (1.22 g) 4-hydroxy-benzaldehyde, 1.33
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ml piperidine and dry ethanol (15 ml). The mixtwras stirred under reflux for 8 h. After
cooling the reaction to room temperature, the sulweas removed under reduced pressure
and the dye was deprotonated with 0.35 M KOH sotuin water up to pH > 10 followed by
heating for 30 min. at 50 °C. The dyes with lonigyalkchainsn were deprotonated using a
mixture of KOH solution in water and ethanol. Doghe ring opening of pyridinium ions by
heating in ethanol for longer time, a two phasetune of methylene chloride and aqueous
KOH solution was stirred at room temperature falay. After the phases were separated, the
agueous phase was extracted several times withyleethchloride. After evaporation of the
solvent, the residue was purified by column chragetphy using silica gel 60 and diethyl
ether and ethanol as eluents or by reverse phasenatography with methanol as solvent.

The dyes having secondaxyalkyl chainsl3a — gwere prepared by the same procedure.

N-(2-propyl)-pentyl-4'-oxy-stilbazolium dge

Reagents: 4-Hydroxy-benzaldehyde (0.01 mol, 1.22 g)
1-(2-propyl)-pentyl-4-methyl-pyridinium bromid®.01 mol, 3 g),
piperidine (1.33 ml),
dry ethanol (15 ml),
the dye was deprotonated using a mixture of 0A3BKOH and ethanol and
heating for 30 min.
Purification: Column chromatography using diethyhex and ethanol as solvents (see
experimental part, page 82).
Yield: 67.3 % (6.73 mmol), red powder, m. p. = TZ3
Analytical dataCy1H,7NO My, = 309.45
'H NMR (DMSO,J/Hz, 400 MHz) = 8.87 (d2J(H,H) = 6.64, 2 H, AH*%), 8.16 (d.2J(H,H)
= 6.84, 2 H, ArH""), 7.97 (dJ(H,H) = 16.18, 1 H, €°), 7.61 (d,*J(H,H) = 8.71, 2 H, Ar-
H%9), 7.30 (d,%J(H,H) = 16.39, 1 H, &%, 6.87 (d,3J(H,H) = 8.51, 2 H, ArH""), 4.38 (d,
3)(H,H) = 7.47, 2 H, E1,Y, 2.03-1.89 (m, 1 H, B?), 1.33-0.93 (m, 16 H, B,>>*%, 0.82 (t,
%J(H,H) = 6.8, 6 H, El5>°). ®C NMR (DMSO, 100 MHz)5 = 159.86 C'), 153.50 C°),
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144.05 C*9, 141.53 €9, 130.19 C%9), 126.23 C", 123.00 €*?), 119.55 ¢%), 115.90
(c"M), 62.98 1), 38.80, 32.26, 18.6 ¢34, 14.08 C>°).
MS (El, 70 eV)m/z 168, 197, 309 (N).

N-(2-pentyl)-heptyl-4'-oxy-stilbazolium dgbe:
©,

7 N
CHz;—(CHy)z '

(CH2)4— C7H3

Reagents: 4-Hydroxy-benzaldehyde (13 mmol, 1.58 g),
1-(2-pentyl)-heptyl-4-methyl-pyridinium bromid&3 mmol, 4.31 g),
piperidine (1.73 ml),
dry ethanol (21.6 ml),
the dye was deprotonated using a mixture of OB8OH and CHCI, and
stirring over night; the dye was collected byragtions with CHCI..

Purification: Column chromatography using diethiylez and ethanol (see experimental part,

page 82).
Yield: 32 % (4.16 mmol), red powder, m. p. = 124 °
Analytical data: GsHzsNO My, = 366.55

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.98 (d*J(H,H) = 6.85, 2 H, AH?%), 8.23 (d2J(H,H)
= 6.84, 2 H, ArH""), 8.05 (d,2J(H,H) = 16.39, 1 H, €°), 7.62 (d,*J(H,H) = 8.71, 2 H, Ar-
H99), 7.35 (d,%J(H,H) = 16.18, 1 H, €%, 6.87 (d,®J(H,H) = 8.51, 2 H, AH""), 4.43 (d,
3)(H,H) = 7.26, 2 H, E,"), 1.96 (m, 1 H, &%, 1.22-1.10 (m, 16 H, B,>*%%, 0.76 (t,
%J(H,H) = 6.8, 6 H, G3""). ®°C NMR (DMSO, 100 MHz)5 = 160.17 C'), 153.78 C°),
144.08 C*¥), 141.78 C9), 130.42 C%9), 126.40 C"), 123.11 C*Y), 119.46 C%, 116.06
(C™"), 63.13 CY), 31.53, 30.04, 28.95, 25.12, 24.95, 2106%°), 13.79 C").

MS (El, 70 eV)m/z 168, 197, 367 (MH).

N-(2-octyl)-decyl-4'-oxy-stilbazolium dge:

(CHy)7—CH3
10
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Reagents: 4-Hydroxy-benzaldehyde (5.9 mmol, 0)71 g
1-(2-octyl)-decyl-4-methyl-pyridinium bromide Gmmol, 2.5 g),
piperidine (0.78 ml),
dry ethanol (9.9 ml),
the dye was deprotonated using a mixture of (38OH and CHCI, and
stirring over night; the dye was collected byragtions with CHCl..

Purification: Column chromatography using diethiylez and ethanol (see experimental part,

page 82).
Yield: 28.3 % (1.67 mmol), red powder, m. p. =°@3
Analytical data: GiH4sNO My = 450.71

'H NMR (DMSO,J/Hz, 400 MHz)§ = 8.27 (d2J(H,H) = 7.05, 2 H, AH?%), 7.71 (d 2J(H,H)
= 15.35, 1 H, AH®), 7.59 (d,2J(H,H) = 6.22, 2 H, &"), 7.34 (d,*J(H,H) = 7.05, 2 H, Ar-
H%9%), 6.61 (d,®J(H,H) = 14.73, 1 H, €Y, 6.23 (d,2J(H,H) = 8.3, 2 H, ArH™"), 4.00 (d,
3)(H,H) = 7.67, 2 H, &Y, 1.85 (m, 1 H, E,9), 1.26-1.20 (m, 28 H, B,>*%9), 0.83 (t,
3J(H,H) = 6.2, 6 H, ®5%. °C NMR (DMSO, 100 MHz)s = 171.21 C'), 153.34 C),
143.14 C°), 142.48 C*9¥, 131.65 C%9), 120.40 ¢""), 118.94 €"P), 112.86 C'), 104.67
(CY, 62.07 €Y, 31.15, 29.97, 29.02, 28.65, 28.45, 25.26, 21(©5>111Y 13,91 214,
MS (El, 70 eV)m/z 198, 252, 451 (MH).

N-(2-decyl)-dodecyl-4'-oxy-stilbazolium diye

(CH2)g—CH3
12'

Reagents: 4-Hydroxy-benzaldehyde (2 mmol, 0.24 g),
1-(2-decyl)-dodecyl-4-methyl-pyridinium bromid2 ihmol, 0.96 g),
piperidine (0.26 ml),
dry ethanol (4 ml),
deprotonation with a mixture of 0.35 M KOH and £ by stirring over
night and then extractions with QEl..

Purification: Column chromatography using diethiylez and ethanol (see experimental part,

page 82).
Yield: 36.5 % (0.73 mmol), red powder, m. p. = £
Analytical data: GsHseNO M, = 506.85
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'H NMR (DMSO, J/Hz, 400 MHz) = 8.85 (d*J(H,H) = 6.84, 2 H, AH*%), 8.15 (d2J(H,H)
= 6.64, 2 H, ArH"®), 7.95 (d2J(H,H) = 16.18, 1 H, €&°), 7.60 (d.*J(H,H) = 8.71, 2 H, Ar-
H99), 7.27 (d,%J(H,H) = 16.18, 1 H, €%, 6.86 (d,®J(H,H) = 8.71, 2 H, AH""), 4.36 (d,
3)(H,H) = 7.47, 2 H, ©Y, 1.97 (m, 1 H, €7, 1.21-1.04 (m, 36 H, B,>*'"Y, 0.83 (t,
3J(H,H) = 6.7, 6H, E15'*%. *c NMR (DMSO, 100 MHz)5 = 160.08 C'), 153.59 C°),
144.11 C*9%, 141.60 C9), 130.25 C%9), 126.22 C"), 123.00 ¢, 119.51 C%), 116.02
(C™"), 63.20 €Y, 31.26, 29.89, 28.97, 28.85, 28.71, 28.67, 2522206 >34 13.01
(C12’12).

MS (ESI)m/z 198.3, 366.5, 506.5 (MHL

N-(2-dodecyl)-tetradecyl-4'-oxy-stilbazolium e
@

14 N
CHs—(CHp)11 '

(CH3)117CH3
14

Reagents: 4-Hydroxy-benzaldehyde (1.95 mmol, 0)24 g
1-(2-dodecyl)-tetradecyl-4-methyl-pyridinium brate (1.95 mmol, 1.05 g),
piperidine (0.26 ml),
dry ethanol (3.5 ml),
the dye was deprotonated using a mixture of OB8OH and CHCI, and
stirring over night; the dye was collected byragtions with CHCI..

Purification: Column chromatography using diethiylez and ethanol (see experimental part,

page 82).
Yield: 58.98 % (1.15 mmol), red powder, m. p. HT&
Analytical data: GoHesNO My, = 561.92

'H NMR (DMSO, J/Hz, 400 MHz) = 8.84 (d2J(H,H) = 6.84, 2 H, AH*%), 8.14 (d2J(H,H)
= 6.64, 2 H, ArH""), 7.94 (dJ(H,H) = 16.18, 1 H, €°), 7.60 (d,*J(H,H) = 8.71, 2 H, Ar-
H99), 7.27 (d,%J(H,H) = 16.18, 1 H, €%, 6.86 (d,®J(H,H) = 8.71, 2 H, AH""), 4.36 (d,
3)(H,H) = 7.47, 2 H, €,Y, 1.97 (m, 1 H, &%), 1.22-1.14 (m, 44 H, B,>*"313, 0.83 (t,
%J(H,H) = 6.7, 6 H, EI5**. ¥*C NMR (DMSO, 50 MHz)$ = 160.05 C'), 153.54 C°),
144.09 C*9%, 141.56 C9), 130.21 €99, 126.18 C"), 122.96 €, 119.47 ¢%, 115.99
(c™), 63.23 CY), 31.25, 29.85, 28.97, 28.84, 28.97, 28.84, 2886, 25.19, 22.04E"
13,13')’ 13.90 014,14).

MS (El, 70 eV)m/z 197, 365, 561 (N).
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4.1.7.N-(2,2-dialkyl ethyl)-4'-oxy-3'-alcoxy-stilbazoliumdyes 7 — 9

Merocyanine dyes with-(2,2-dialkyl ethyl) substituents and alcoxy granpghe meta
position of the stilbazolium unit were synthesizesing the correspondiniy-(2,2-dialkyl
ethyl) substituted salts and 4-hydroxy-3-alcoxyZsdehyde. Compound was synthesized
using for condensation the commercially availableydroxy-3-methoxy-benzaldehyde, salt
5a, piperidine and dry ethanol. The reaction mixturas heated under reflux for 8 h and
purified by column chromatography as describedjpeemental part (page 8Zyompoundd
was synthesized by the same route using for comatiens 3-hexyloxy-4-hydroxy-
benzaldehyde which was prepared by the followiragc@dure: to a solution of 0.144 mol of
3,4-dihydroxybenzaldehyde in 200 ml ethanol waseddal144 mol 1-bromohexane and 16.2
g potassium hydroxide in 200 ml ethanol. Afterrsty under reflux for 7.5 h the solvent was
evaporated under reduced pressure and the browinwesas poured into water and extracted
with diethyl ether (pH basic). A yellow oil was alrted containing a mixture of 3-hexyloxy-
4-hydroxy-benzaldehyde and 4-hexyloxy-3-hydroxy#sdehyde. The aqueous solution was
acidified with diluted sulfuric acid and extractagain with diethyl ether. The organic extracts
were combined and dried over anhydrous sodiumtsulfdhe oil was boiled with petrolether

and filtered to give 3-hexyloxy-4-hydroxy-benzalgda.

N-(2-propyl)-pentyl-4'-oxy-3'-methoxy-stilbazoliuye 7:

Reagents: 4-Hydroxy-3-methoxy-benzaldehyde (7 mtho6b g),
1-(2-propyl)-pentyl-4-methyl-pyridinium bromid& (mmol, 2 g),
piperidine (0.93 ml),
dry ethanol (11.6 ml),
deprotonation by heating for 30 min. using a omgtof 0.35 M KOH and
ethanol.

Purification: Column chromatography with diethyhet and ethanol (see experimental part,

page 82).
Yield: 53.4 % (3.74 mmol), red powder, m. p. = 241
Analytical data: GH3oNO; My = 340.47
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'H NMR (DMSO, J/Hz, 400 MHz) = 8.86 (d*J(H,H) = 6.84, 2 H, AH*%), 8.15 (d2J(H,H)
=6.84, 2 H, ArH""), 7.95 (d2J(H,H) = 16.18, 1 H, €°), 7.38-7.34 (m, 2 H, BY, Ar- HY),

7.18 (m, 1 H, ArHY), 6.86 (d,*J(H,H) = 8.3, 1 H, ArH"), 4.38 (d,J(H,H) = 7.67, 2 H,
CH,%), 3.85 (s, 2 H, O83) 2.02 (m, 1 H, &3, 1.25-1.14 (m, 8 H, B,>**%4, 0.83 (t,3J(H,H)
= 6.8, 6 H, G15>°).°C NMR (DMSO, 125 MHz) = 153.50 C°), 149.81 C'), 148.05 C"),

144.14 C*9), 141.91 €9, 126.76 C"), 123.51 €Y), 122.93 €"P), 119.79 ¢%), 115.73 C"),

110.99 CY), 62.87 CY), 55.77 (Q@CH3), 38.38, 29.4, 22.06CE3%44, 14.11 C>).

MS (El, 70 eV)m/z 93, 112, 227, 341 (MH.

3-hexyloxy-4-hydroxy-benzaldehygle
OCgHi3

OHCOOH

8
Reagents: 1-Bromohexane (0.144 mol, 11.94 g),
3,4-dihydroxy-benzaldehyde (0.144 mol, 10 g),

KOH (16.2 g),
ethanol (400 ml).
Yield: 6.94 % (2.23 g)
Analytical data: GzH1803 My = 222.28

'H NMR (DMSO, J/Hz, 400 MHz)$ = 9.79 (s, 1 H, 60), 7.39 (dJ(H,H) = 4.98, 1 H, Ar-
H), 7.38 (s, 1 H, AH), 7.02 (d,J(H,H) = 8.68, 1 H, AH), 6.18 (s, 1 H, ®) 4.1 (t,J(H,H) =
6.64, 2 H, Gl,), 1.8 (M, 2 H, El,), 1.32 (M, 6 H, (El2)3), 0.89 (t,J(H,H) = 7.3, 3 H, Ei).

N-(2-octyl)-decyl-4'-oxy-3'-hexyloxy-stilbazoliuye®:

(CHy)7—CH3
10

Reagents: 4-Hydroxy-3-hexyloxy-benzaldehyde (2.250m 0.5 g),
1-(2-octyl)-decyl-4-methyl-pyridinium bromide € mmol, 0.95 g),
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piperidine (0.3 ml),

dry ethanol (3.75 ml),

the dye was deprotonated using a mixture of (38OH and CHCI, and
stirring over night; the dye was collected byragtions with CHCl..

Purification: Column chromatography using diethiyles and ethanol (see experimental part,

page 82).
Yield: 23.55 % (0.53 mmol), red solid, m. p. = 1’12
Analytical data: G/HgoNO> M, = 550.87

'H NMR (DMSO, J/Hz, 400 MHz) = 8.83 (d*J(H,H) = 7.05, 2 H, AH?%), 8.12 (d2J(H,H)
= 6.64, 2 H, ArH"®), 7.91 (d3J(H,H) = 16.18, 1 H, €°), 7.32-7.28 (m, 2 H, BY, Ar-H9),
7.19 (m, 2 H, ArH?), 6.88 (d,®J(H,H) = 8.09, 2 H, AMH"), 4.35 (d,%J(H,H) = 7.47, 2 H,
CH,Y), 4.02 (t,J(H,H) = 6.64, 2 H, E,"), 1.95 (m, 1 H, €%, 1.73 (m, 2 H, E,%), 1.60-
1.03 (m, 32 H, &,>°993"% 0.90-0.81 (m, 9 H, B5**'?"%).*C NMR (DMSO, 100 MHzp
= 153.53 C°), 147.31 C'), 143.99 C"), 141.95 C*%), 140.99 C°), 126.31 C"), 123.26 CY),
122.76 €Y, 119.34 ¢%), 116.98 C"), 115.88 C9), 68.39 (QCH5), 63.00 CY), 38.87, 31.15,
30.92, 29.93, 28.85, 28.63, 28.55, 28.52, 28.44,284.76, 24.11, 21.9€t°92%) 13.76
(ClO,lo').

MS (El, 70 eV)m/z 252, 345, 552 (MH).
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4.2. Synthesis of stilbazolium dyes with secondaty-alkyl chain 13a — g

4.2.1. Alcohols with secondary alkyl chain 10a — e

General procedure

In a 1 | three-necked flask equipped with a thermi@m dropping funnel and reflux
condenser with calcium chloride was introduced uvrstiering 0.5 mol magnesium turnings
(12.15 g), 50 ml dry diethyl ether and about 1/20rf 0.5 mol alkyl iodide. After the reaction
starts the rest of alkyl halide dissolved in 125dmekthyl ether was dropped slowly to keep the
reflux constant. At the end of the dropping, thacten was heated until the magnesium is
dissolved. In the Grignard solution was added bypping and under stirring 0.4 mol of
aldehyde in the same volume of dry diethyl ethdterAdropping, the reaction was heated for
2 h under reflux, cooled to room temperature, hiyzied with a mixture of ice and water and
acidified with hydrochloric acid until the precigie is dissolved. The organic phase is
separated and the water phase extracted with dliethgr (3 x 100 ml). The combined
organic phases were washed with natrium hydrog#itessolution and water. After drying

over anhydrous sodium sulfate the crude product fwedionally distilled to give the pure

alcohol.
H-(CHZ)n-?H-(CHz)n-H
OH
Comp. n R-CHO R-I Mg Yield b.p. (P)
10a 4 0.40 mol 0.50 mol 0.50 mol 42.4 % 97-98 °C (20)to
10b 5 0.40 mol 0.50 mol 0.50 mol 70.0 % 112.5 °C (10)to
10c 6 0.40 mol 0.50 mol 0.50 mol 60.0 % 137.5 °C (10)to
10d 7 0.40 mol 0.50 mol 0.50 mol 65.7 % 164.5 °C (10)to
10e 9 0.15 mol 0.19 mol 0.19 mol 61.8 % 169.0 °C @mt

'H NMR (CDCl, J/Hz, 400 MHz,10b at 200 MHz)

Comp. n H'5 (ppm) (CH2)n d (ppm) (CHa3)2 8 (ppm)
10a 4 3.52-3.49 (m, 1 H) 1.42-1.22 (m, 12 H) 0.851¢(H,H) = 7.0, 6 H)
10b 5 3.55-3.50 (M, 1H) 1.38-1.24 (m, 16 H) 0.841(H,H) = 6.4, 6 H)
10c 6 3.56-3.52 (M, 1 H) 1.46-1.23 (m, 20 H) 0.85J(H,H) = 6.7, 6 H)
10d 7 3.57-3.54 (m, 1 H) 1.44-1.26 (m, 24 H) 0.86J¢(H,H) = 6.7, 6 H)
10e 9 3.55-3.53 (m, 1 H) 1.46-1.24 (m, 32 H) 0.85J¢(H,H) = 7.0, 6 H)
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4.2.2. Halides with secondary alkyl chain 11a —e

General procedure

In a three-necked flask equipped with thermometergnetic stirring, reflux condenser with
calcium chloride and dropping funnel were introdi€084 mol (21.32 g) iodine and 0.055
mol (1.7 g) red phosphorous. To this mixture wageadby dropping 0.169 mol (24.44 g) of
10aat 60 — 70 °C. After heating at 85 °C for 2 h, giesphorous red was filtered and the
reaction mixture was poured into water. The orggahiase was separated and the water phase
was extracted with diethyl ether (3 x 100 ml). Ehxracts were combined, decolorized with
sodium thiosulfate, washed with sodium chlorideissied solution and dried over anhydrous

sodium sulfate.

Synthesis ofL1b:

95% orthophosphoric acid was prepared by mixing2¥5 ml HPO, 85 % (0.39 mol, 38.2 g)
with 9.94 g (0.07 mol) of phosphoric anhydride. Bodution was cooled to room temperature
before adding potassium iodide, otherwise evolutbrhydrogen iodide and formation of
iodine will take place. After addition of 0.35 m@0.4 g) 6-undecanol and 0.33 mol (54.8 g)
of potassium iodide the reaction mixture was he&ded h at 110 °C. After cooling to room
temperature the reaction mixture was poured intterv#he organic phase was separated and
the water phase was extracted with diethyl ethex {50 ml). The extracts were combined
and decolorized with 10 % sodium thiosulfate soluti washed with sodium chloride
saturated solution and dried over anhydrous soduifate. The drying agent was filtered and
the diethyl ether evaporated to give a brown oilicwhwas purified by column
chromatography using aluminium oxide neutral antlgbether as eluent. 71.2 g of mixture
was fractionally distilled to give 6-iodoundecaryggld 12.77 %. In order to increase the

yields and to avoid elimination, the procedure vidttine and red phosphorous was preferred.
H‘(CHz)n'$H'(CH2)n'H
|

lla-e
Comp. n Alcohol I, P red Yield
1lla 4 0.169 mol 0.084 mol 0.055 mol 92.50 %
lic 6 0.128 mol 0.064 mol 0.042 mol 78.10 %
11d 7 0.260 mol 0.130 mol 0.086 mol 88.46 %
lle 9 0.094 mol 0.047 mol 0.031 mol 87.74 %
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'H NMR (CDCk, J/Hz, 400 MHz,11b and11cat 500 MHz)

Comp. n 'H 8 (ppm) (CH2)n & (ppm) (CH3)2 8 (ppm)
1la 4 4.13-4.06 (m, 1 H) 1.89-1.24 (m, 12 H) 0.86¢H,H) = 6.8, 6 H)
11b 5 4.13-4.07 (m, 1 H) 1.87-1.19 (m, 16 H) 0.883(H,H) = 7.0, 6 H)
11c 6 4.13-4.07 (m, 1 H) 1.90-1.21 (m, 20 H) 0.871(H,H) = 6.9, 6 H)
11d 7 4.10-4.08 (m, 1 H) 1.84-1.19 (m, 24 H) 0.863(H,H) = 6.7, 6 H)
1le 9 4.12-4.07 (m, 1 H) 1.88-1.23 (m, 32 H) 0.85¢H,H) = 7.0, 6 H)

4.2.3. Picolinium salts with secondariN-alkyl chain 12a — g

General procedure

4-Picoline and the appropriate alkyl halide (1/1lancatio) were dissolved separately in
double amount (volume) of nitromethane. The sohgiwere unified and heated for 5 h at 90
°C. After cooling to room temperature the solversvevaporated and the salt was washed
several times with diethyl ether to remove the aaoted 4-picoline and further purified by

column chromatography using silica gel and die#tlier and ethanol.

H-(CH ),j .
(CH, |
H'(CHZ)n "b'

N\
a
I@

Salts n R-1 (mol) 4-picoline (mol) Yield (%)
12a 1 0.100 0.100 68.44
12b 2 0.040 0.040 53.27
12c 4 0.156 0.156 30.76
12d 5 0.046 0.046 31.13
12e 6 0.032 0.032 17.70
12f 7 0.044 0.044 13.63
12g 9 0.083 0.083 10.80

N-Isopropyl-4-methyl-pyridinium iodide2a

'H NMR (DMSO, J/Hz, 400 MHz)5 = 9.0 (d,2J(H,H) = 6.84, 2 H, AH®%), 7.98 (d 3J(H,H)
=6.43, 2 H, ArH"®), 4.93 (m, 1 H, &%, 2.6 (s, 3 H, €57, 1.57 (d, 6 H, E5>%). *C NMR
(DMSO, 100 MHz)s = 158.87 C°), 141.88 C*9), 128.41 €, 63.1 CY), 22.31 %), 21.23
(C*?).
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MS (El, 70 eV)m/z 93, 128, 135 (MHHI). EA: CoH1u4IN (Calc.) C: 41.08 %, H: 5.36 %, N:
5.32 %, (Found) C: 40.87 %, H: 5.75 %, N: 5.32 %.

N-Isopentyl-4-methyl-pyridinium bromideb:

'H NMR (DMSO, J/Hz, 400 MHz)8 = 9.00 (d*J(H,H) = 6.64, 2 H, ArH*%), 8.04 (d2J(H,H)
= 6.43, 2 H, ArH"®), 4.63-4.48 (m, 1 H, BY), 2.62 (s, 3 H, €3, 2.05-1.85 (m, 4 H,
CH»*%), 0.70 (t,%(H,H) = 7.0, 6 H, &5>*).*%C NMR (DMSO, 100 MHz) = 159.37 C9),
142.21 C*9), 128.66 C*P), 74.52 (C), 27.27 (G?), 21.33 %, 9.81 C>7).

EA: Ci1H1BrN (Calc.) C: 54.11 %, H: 7.43 %, Br: 32.72 %, 374 %, (Found) C: 53.81 %,
H: 7.84 %, Br: 32.77 %, N: 5.69 %.

N-(1'-Butyl)-pentyl-4-methyl-pyridinium iodidc

'H NMR (DMSO, JJHz, 400 MHz)8 = 9.10 (d*J(H,H) = 6.64, 2 H, AH*%), 8.04 (d2J(H,H)
= 6.22, 2 H, ArH"), 4.74-4.67 (m, 1 H, BY, 2.62 (s, 3 H, €3, 1.97-1.88 (m, 4 H,
CH,*?), 1.28-1.02 (m, 8 H, B,>**4, 0.75 (t,2J(H,H) = 7.0, 6 H, E5>°). *C NMR (DMSO,
100 MHz) & = 159.09 C°), 141.90 C*%), 128.48 C%), 71.45 CY), 34.07, 26.88, 21.50,
21.31 €*#*%9, 13.43 C>°).

N-(1'-Pentyl)-hexyl-4-methyl-pyridinium iodid2d:

'H NMR (DMSO, JHz, 400 MHz)§ = 9.01 (d2J(H,H) = 6.84, 2 H, AH?%), 8.02 (d2J(H,H)
=6.22, 2 H, ArH™?), 4.62 (m, 1 H, &%, 2.61 (s, 3 H, €5%), 1.93 (m, 4 H, €,>?), 1.18
(m, 12 H, G&,>37°), 0.79 (t3J(H,H) = 6.9, 6 H, E:>°). *C NMR (100 MHz, DMSO) =
159.60 C°), 142.13 C*9), 128.72 C°Y), 71.66 C), 34.20, 30.41, 24.51, 21.65, 21.35¢
559 13.69 C*F).

N-(1'-Hexyl)-heptyl-4-methyl-pyridinium iodide

'H NMR (DMSO0, J/Hz, 400 MHz)5 = 9.0 (d,2J(H,H) = 6.64, 2 H, AH®%), 8.02 (d,3J(H,H)
=6.43, 2 H, ArH"®), 4.63-4.59 (m, 1 H, BY), 2.6 (s, 3 H, €5, 1.95-1.90 (m, 4 H, B,>?),
1.23-0.84 (m, 16 H, B,>*®9, 0.81 (t,J(H,H) = 6.8, 6 H, E&l5""). *C NMR (DMSO, 100
MHz) & = 159.41 C°), 142.11 C*9), 128.71 C°Y), 71.74 CY), 34.23, 30.78, 27.89, 24.83,
21.80, 21.32@¢*%%%9,13.76 C""), m. p. = 96 °C.
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N-(1'-Heptyl)-octyl-4-methyl-pyridinium iodidE2f:

'H NMR (DMSO, J/Hz, 400 MHz)8 = 9.09 (dJ(H,H) = 6.84, 2 H, AH*%), 8.04 (d2J(H,H)
= 6.22, 2 H, ArH"), 4.72-4.68 (m, 1 H, BY, 2.61 (s, 3 H, €359, 1.96-1.92 (m, 4 H,
CH,*?), 1.21-0.83 (m, 20 H, B,>*7"%, 0.78 (t,%)J(H,H) = 6.9, 6 H, G%). *C NMR

(DMSO, 100 MHz)8 = 159.24 C°), 142.08 C*%), 128.59 C*), 71.54 CY), 34.16, 30.86,
28.12, 28.11, 24.76, 21.78, 21.32¢ " "9, 13.67 C?).

MS (El, 70 eV)m/z 93, 128, 183, 275 (MHI).

N-(1'-Nonyl)-decyl-4-methyl-pyridinium iodid2g

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.99 (d2J(H,H) = 6.64, 2 H, ArH*%), 8.01 (d2J(H,H)
= 6.43, 2 H, ArH"), 4.62-459 (m, 1 H, BY, 2.61 (s, 3 H, €359, 1.95-1.89 (m, 4 H,
CH,*?), 1.24-0.85 (m, 28 H, B,>°°%, 0.83 (t,J(H,H) = 6.8, 6 H, E5°). *C NMR
(DMSO, 100 MHz)$ = 159.38 C°), 142.12 C*9), 128.69 C"P), 71.73 (C), 34.19, 31.11,
28.66, 28.53, 28.46, 28.18, 24.83, 21.94, 2175 °Y, 13.82 €*1%, m.p. = 59 °C.

MS (El, 70 eV)m/z 93, 128, 267, 359 (MHI). EA: CosHaeIN (Calc.) C: 61.59 %, H: 9.51 %,
N: 2.87 %, (Found) C: 61.04 %, H: 9.49 %, N: 2.76 %

m.p. =59 °C

4.2.4. 4'-Hydroxy-stilbazolium dyes with secondar\N-alkyl chain 13a — g

1-Isopropyl-4'-oxy-stilbazolium dyi8a

Reagents: 4-Hydroxy-benzaldehyde (11 mmol, 1.34 g),
1-isopropyl-4-methyl-pyridinium iodide (11 mma@.g),
piperidine (1.5 ml),
dry ethanol (18.33 ml).
Purification: Recrystalization from ethanol.
Yield: 68.3 % (7.52 mmol), red powder, m. p. = ££9
Analytical data: GgH1/NO Mw = 239.31
'H NMR (DMSO, J/Hz, 400 MHz)5 =8.93 (d2J(H,H) = 7.05, 2 H, ArH%%), 8.13 (d*J(H,H)
= 6.84, 2 H, ArH"®), 7.95 (d2J(H,H) = 16.39, 1 H, €&°), 7.59 (d,*J(H,H) = 8.71, 2 H, Ar-
H99), 7.26 (d,2J(H,H) = 16.18, 1 H, €%, 6.82 (d3J(H,H) = 8.71, 2 H, AH""), 4.87 (m, 1
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H, CHY, 1.57 (d2J(H,H) = 6.64, 6 H, €5>?). *C NMR (DMSO, 100 MHz) = 160.68 C)),
153.45 C°), 141.78 C*9, 141.28 C9), 130.13 C99), 125.57 C"), 122.91 ¢*P), 118.90 C%,
116.04 ™M), 62.38 €Y, 22.46 C*?).
MS (El, 70 eV)m/z 93, 197, 239 (V).

1-(1-Ethyl-propyl)-4'-oxy-stilbazolium dyeb:

3 2
Reagents: 4-Hydroxy-benzaldehyde (5.8 mmol, 0.7 g),
1-(1-ethyl-propyl)-4-methyl-pyridinium iodide @ mmol, 1.41 g),
piperidine (0.77 ml),
ethanol (9.7 ml),
deprotonation by heating for 30 min. with a mmetwf ethanol/0.35 M KOH
solution at 50 — 60 °C.

Purification: Column chromatography using diethiylez and ethanol (see experimental part,

page 82).
Yield: 24.13 % (1.4 mmol), red powder, m. p. = £23
Analytical data: GgH2:NO My = 267.37

'H NMR (DMSO, J/Hz, 400 MHz)5 =8.94 (d2J(H,H) = 6.85, 2 H, AH*?), 8.20 (d 3J(H,H)

= 6.85, 2 H, ArH""), 8.01 (d,2J(H,H) = 16.18, 1 H, €°), 7.63 (d,*J(H,H) = 8.72, 2 H, Ar-
H99), 7.33 (d,2J(H,H) = 16.39, 1 H, €%, 6.85 (d2J(H,H) = 8.51, 2 H, AH""), 4.47 (m, 1
H, CHY, 1.97-1.90 (m, 4 H, B,*?), 0.72 (t,3J(H,H) = 7.26, 6H, E&5>°).*C NMR (DMSO,
100 MHz)8 = 161.03 C'), 153.54 C°), 142.27 C*¥, 140.97 C9), 131.02 €%9), 126.27 C"),
121.60 €Y, 117.66 C9), 115.20 C™"), 61.51 CY), 22.41, 22.18G>>">3.

MS (El, 70 eV)m/z 93, 148, 198, 266 (1.

1-(1-Butyl-pentyl)-4'-oxy-stilbazolium dy&c
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Reagents: 4-Hydroxy-benzaldehyde (19.1 mmol, 2)34 g
1-(1-butyl-pentyl)-4-methyl-pyridinium iodide (IBmmol, 6.6 g),
piperidine (2.54 ml),
dry ethanol (32 ml),
deprotonation by heating for 30 min. with a mmetwf ethanol/0.35 M KOH
solution at 50 — 60 °C.

Purification: Column chromatography using diethiylez and ethanol (see experimental part,

page 82).
Yield: 23.3 % (4.45 mmol), red powder, m. p. = 225
Analytical data: G;H,gNO My, = 323.47

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.99 (d2J(H,H) = 6.85, 2 H, AH*%), 8.21 (d2J(H,H)
= 6.85, 2 H, ArH""), 8.02 (d,2J(H,H) = 16.18, 1 H, €°), 7.63 (d,*J(H,H) = 8.71, 2 H, Ar-
H99), 7.34 (d,J(H,H) = 16.18, 1 H, €%, 6.84 (d3J(H,H) = 8.51, 2 H, AH""), 4.32 (m, 1
H, CHY), 1.93-1.89 (m, 4 H, B,*?), 1.24-1.12 (m, 8 H, B,>**%, 0.76 (t,°J(H,H) = 7.26,
6H, CH5>%). °C NMR (DMSO, 100 MHzp = 161.22 '), 154.03 C°), 142.27 C*%), 141.98
(C9), 130.42 €99, 125.68 C"), 123.30 C"P), 118.96 CY), 116.34 C™"), 71.26 C1), 34.04,
27.22, 21.55,¢%%*%, 13.62, C>°).

MS (ESI)m/z 198, 324 (MH).

1-(1-pentyl-hexyl)-4'-oxy-stilbazolium d¢8d:

Reagents: 4-Hydroxy-benzaldehyde (4 mmol, 0.5 ),
1-(1-pentyl-hexyl)-4-methyl-pyridinium iodide @dmol, 1.56 g),
piperidine (0.5 ml),
dry ethanol (7 ml),
deprotonation by heating for 30 min. with a mmetwf ethanol/0.35 M KOH
solution at 50 — 60 °C.

Purification: Column chromatography using as avesai diethyl ether and ethanol (see
experimental part, page 82).

Yield: 10.5 % (0.42 mmol), red powder, m. p. =°85
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Analytical data: G4H3,NO My, = 352.52

'H NMR (DMSO, JHz, 400 MHz)3 = 10.13 (bs, 1 H, B), 8.97 (d*J(H,H) = 6.84, 2 H, Ar-
H®3, 8.19 (d,2J(H,H) = 6.84, 2 H, ArH"), 8.00 (d,%J(H,H) = 16.18, 1 H, €°), 7.62 (d,
J(H,H) = 8.51, 2 H, AH99), 7.32 (d3J(H,H) = 16.18, 1 H, €Y, 6.87 (d2J(H,H) = 8.51, 2
H, Ar-H™), 457 (m, 1 H, €%, 1.97-1.87 (m, 4 H, B,*%), 1.31-0.83 (m, 12 H,
CH,>**%°3 0.79 (t,3J(H,H) = 7.0, 6 H, E5>°). **C NMR (DMSO, 100 MHz)$ = 159.39
(C"), 153.31 €9, 141.77 C*9), 141.12 C°), 129.63 C?9), 125.66 C"), 122.87 C*?), 118.94
(C%, 115.41 ¢"M), 70.67 €Y, 33.71, 29.99, 24.13, 21.20%>°9), 13.21 ¢59).

MS (El, 70 eV)m/z 93, 128, 154, 197, 351 (W

1-(1-hexyl-heptyl)-4'-oxy-stilbazolium d¢8e

76

Reagents: 4-Hydroxy-benzaldehyde (17.6 mmol, 2)14 g
1-(1-hexyl-heptyl)-4-methyl-pyridinium iodide (*mmol, 7.1 g),
piperidine (2.35 ml),
dry ethanol (19.5 ml),
deprotonation by heating for 30 min. with a mmetwf ethanol/0.35 M KOH
solution at 50 — 60 °C.
Purification: 1.6 g dye was purified by column amatography using silica gel and diethyl
ether and ethanol (see experimental part, page 82
Yield: 7.44 % (1.31 mmol, 0.5 g), red powder, m=d.23 °C
Analytical data: GgHzsNO M, = 380.58
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.95 (d2J(H,H) = 6.64, 2 H, AH*%), 8.18 (d2J(H,H)
= 6.84, 2 H, ArH"®), 8.00 (d*J(H,H) = 16.18, 1 H, €&°), 7.60 (d,*J(H,H) = 8.71, 2 H, Ar-
H%9), 7.30 (d.2J(H,H) = 16.18, 1 H, &Y, 6.81 (d,2J(H,H) = 8.51, 2 H, AH""), 4.60-4.52
(m, 1 H, HY), 1.94-1.79 (m, 4 H, B,*%), 1.21-0.82 (m, 16 H, B,>>**°>>®§ 0.75 (t,
3J(H,H) = 6.8, 6 H, El5""). °C NMR (DMSO, 100 MHz)5 = 161.23 C'), 154.46 C°),
142.80 C*9, 142.37 €9, 130.86 C%9), 126.40 C"), 123.84 €Y, 119.62 C%), 116.65
(C™M), 71.63 CY), 34.87, 31.48, 28.60, 25.57, 22.45¢°9), 14.44 C").
MS (EIl, 70 eV)m/z 128, 182, 197, 381 (MH!.
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1-(1-heptyl-octyl)-4'-oxy-stilbazolium dy&f:

Reagents: 4-Hydroxy-benzaldehyde (5.4 mmol, 0.66 g)
1-(1-heptyl-octyl)-4-methyl-pyridinium iodide émmol, 2.33 g),
piperidine (0.72 ml),
dry ethanol (9 ml),
mixture of ethanol/0.35 M KOH solution for depooation.
Purification: column chromatography with silica geld using as eluent diethyl ether and
ethanol (see experimental part, page 82).
Yield: 18.14 % (0.98 mmol), red powder, m. p. 9TC
Analytical data: GgH42INO My = 535.54
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.97 (dJ(H,H) = 6.84, 2 H, AH*%), 8.19 (d2J(H,H)
= 6.84, 2 H, ArH"®), 7.99 (d2J(H,H) = 16.18, 1 H, €&°), 7.62 (d.*J(H,H) = 8.71, 2 H, Ar-
H99%), 7.32 (d2J(H,H) = 16.18, 1 H, &%, 6.86 (d,2J(H,H) = 8.71, 2 H, AH""), 4.59-4.56
(m, 1 H, GHY), 1.92-1.86 (m, 4 H, B»*?), 1.22-0.84 (m, 20 H, 18,>3**>>86.7y" 080 (t,
%J(H,H) = 6.8, 6 H, E5*%). *C NMR (DMSO, 100 MHz)5 = 159.87 C'), 153.77 C°),
142.22 C*9, 141.57 €9, 130.10 C%9), 128.09 C", 123.29 €Y, 119.32 ¢%), 115.83
(c™M), 71.06 CY), 34.20, 30.99, 28.27, 28.25, 24.97, 210837 "7, 13.83 C®%).
MS (El, 70 eV)m/z 128, 197, 210, 409 (M. EA: CgH42INO (Calc.) C: 62.80 %, H: 7.90
%, N: 2.62 %, (Found) C: 62.85 %, H: 7.83 %, N:1298.

1-(1-octyl-nonyl)-4'-oxy-stilbazolium dySg
9 8
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Reagents: 4-Hydroxy-benzaldehyde (7.2 mmol, 0.87 g)
1-(1-octyl-nonyl)-4-methyl-pyridinium iodide (712mol, 3.54 g),
piperidine (0.96 ml),
dry ethanol (8 ml),
Ethanol/KOH mixture.
Purification: the dye was purified by reverse phateomatography using methanol as
solvent (see experimental part, page 82).
Yield: 10.4 % (0.75 mmol), red powder, m. p. = 223
Analytical data: G;HsoNO My = 464.74
'H NMR (DMSO, J/Hz, 400 MHz)5 = 10.31 (s, 1 H, 8), 9.07 (d,°J(H,H) = 6.43, 2 H, Ar-
H®3), 8.24 (d,2J(H,H) = 6.43, 2 H, AH"), 8.06 (d,%J(H,H) = 16.18, 1 H, €°), 7.63 (d,
3J(H,H) = 8.71, 2 H, AH99), 7.36 (d2J(H,H) = 16.18, 1 H, &), 6.88 (d2J(H,H) = 8.71, 2
H, Ar-H™), 4.65-4.64 (m, 1 H, BY, 1.96-1.84 (m, 4 H, B,*?), 1.17-0.88 (m, 24 H,
CH,>3%8 0.76 (t,J(H,H) = 6.8, 6 H, Ei5>%).C NMR (DMSO, 100 MHz) = 159.95 C),
153.76 C°), 142.20 C*9, 141.61 C°), 130.00 C%9), 125.97 C"), 123.15 ¢*?), 119.11 CY,
115.76 €M), 70.87 €Y, 34.15, 31.07, 31.01, 30.91, 28.74, 28.63, 2828%0, 28.43, 28.34,
28.21, 24.88, 21.900¢2%%), 13.73 ¢*9).
MS (El, 70 eV)m/z 94, 156, 198, 465 (M.
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4.3. Synthesis oN-alkyl-4'-substituted-stilbazolium salts

4.3.1.N-alkyl-4-methyl-pyridinium salts 14a —n

General procedure

To a cold solution of 4-picoline (0.2 mol) in isgpanol (20 ml) was added the appropriate
alkyl halide (0.19 mol). The reaction mixture waesated at reflux for 2 h. After cooling to
room temperature the solvent was removed undercegdpressure and the salt was washed
with diethyl ether. The salts having alkyl chaiasder than seven were heated for 5 h at 100 -
120 °C using dry toluene as a solvent (20 mmol-pfcbline, 10 ml toluene). The salts were

purified by recrystalization from ethanol.

H-(CH2),1—®NC/>*CH3

x@
n X R-X (mol) 4-picoline (mol) Solvent (ml) Yield (%/g)
1 I 0.200 0.190 20 62.50/29.40
3 | 0.100 0.095 10 55.90/14.70
4 Br 0.050 0.050 5 86.50/11.98
5 | 0.200 0.190 20 75.60/44.00
6 | 0.200 0.190 20 91.60/55.90
8 | 0.200 0.190 20 86.90/57.90
9 | 0.500 0.500 250 96.00/16.81
14 Br 0.100 0.100 50 83.00/30.90
16 Br 0.032 0.032 16 56.20/7.20
16 | 0.100 0.100 50 62.90/36.50
18 Br 0.006 0.006 3 89.60/2.29
18 | 0.026 0.026 13 89.50/11.09
20 Br 0.021 0.021 10.5 90.40/8.96
22 Br 0.018 0.018 9 94.40/8.20

N-methyl-4-methyl-pyridinium iodideta

'H NMR (DMSO,J/Hz, 400 MHz)s = 8.81 (d2J(H,H) = 6.64, 2 H, AH*%), 7.94 (d 2J(H,H)
=6.22, 2 H, ArH""), 4.26 (s, 3 H, B3%), 2.58 (s, 3 H, B5%).°C NMR (DMSO, 100 MHz)
§ = 158.09 C°), 144.39 C*9¥, 127.86 C"P), 47.14 CY), 21.32 C9).

MS (El, 70 eV)m/z 93, 107, 127, 142. EA: El10IN (Calc.) C: 35.77 %, H: 4.29 %, N: 5.96
%, (Found) C: 35.72 %, H: 4.65 %, N: 5.92 %.
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N-propyl-4-methyl-pyridinium iodid&4b:

'H NMR (DMSO, J/Hz, 200 MHz)8 = 8.92 (d*J(H,H) = 6.64, 2 H, ArH*%), 7.99 (d2J(H,H)

= 6.22, 2 H, ArH™®), 4.49 (t3J(H,H) = 7.26, 2 H, El,"), 2.60 (s, 3 H, 657, 1.99-1.81 (m,
2 H, CH,?), 0.85 (t,3J(H,H) = 7.3, 3 H, &3°).*C NMR (DMSO, 50 MHz)5 = 158.73 C°),
143.61 C*9), 128.28 C*?), 61.16 C1), 23.90 C?), 21.33 %, 10.12 C3).

MS (El, 70 eV)m/z 93, 127, 135 (NH), 169 EA: CoH14IN (Calc.) C: 41.08 %, H: 5.36 %, N:
5.32 %, (Found) C: 41.09 %, H: 5.55 %, N: 5.36 %.

N-butyl-4-methyl-pyridinium bromidic

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.99 (dJ(H,H) = 6.84, 2 H, AH?%), 7.99 (d2J(H,H)
=6.22, 2 H, ArtH"®), 4.57 (t3J(H,H) = 7.3, 2 H, ©,), 2.59 (s, 3 H, €57, 1.89-1.81 (m, 2
H, CH.%, 1.27-0.98 (m, 2 H, B3%), 0.86 (t,%J(H,H) = 7.3, 3 H, Ei5*.*C NMR (DMSO,
100 MHz) & = 158.43 C°), 143.50 C*%), 128.06 C"P), 59.20 CY), 32.41, 21.21, 18.46
(C*39, 13.18 C%.

MS (El, 70 eV)m/z 57, 93, 128, 149, 184&A: C;oH1¢IN (Calc.) C: 43.34 %, H: 5.82 %, N:
5.05 %, (Found) C: 42.95 %, H: 6.12 %, N: 4.99 %.

N-penthyl-4-methyl-pyridinium iodidietd:

'H NMR (DMSO,J/Hz, 400 MHz)§ = 8.94 (d2J(H,H) = 6.64, 2 H, AH*%), 7.98 (d2J(H,H)
=6.23, 2 H, ArtH"®), 4.53 (t3J(H,H) = 7.3, 2 H, ©,), 2.60 (s, 3 H, €57, 1.92-1.84 (m, 2
H, CH,%), 1.33-1.19 (m, 4 H, B,>?, 0.84 (t,%J(H,H) = 7.1, 3 H, Ei5°). **C NMR (DMSO,
100 MHz)$ = 158.53 C°), 143.45 C*%), 128.15 C"), 59.75 %), 30.09, 27.36, 21.3€¢?),
21.30 €%, 13.61 C°).

N-hexyl-4-methyl-pyridinium iodid4e

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.90 (d*J(H,H) = 6.64, 2 H, AH?%), 7.95 (d2J(H,H)
=6.22, 2 H, ArH™), 4.49 (t2J(H,H) = 7.47, 2 H, E1,Y, 2.57 (s, 3 H, Cf), 1.88-1.81 (m, 2
H, CH,%), 1.23-0.99 (m, 6 H, B»**9, 0.81 (t,2J(H,H) = 6.84, 3 H, €5°).'%C NMR (DMSO,
100 MHz) & = 158.45 C°), 143.38 C*%), 128.10 C"), 59.78 CY), 30.42, 30.39, 24.92,
21.75 €%, 21.32 %, 13.73 C9).

N-octyl-4-methyl-pyridinium iodid&4f:
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.95 (d2J(H,H) = 6.84, 2 H, AH*%), 7.99 (d2J(H,H)
=6.43, 2 H, ArH™), 453 (t3(H,H) = 7.3, 2 H, El,Y, 2.60 (s, 3 H, €3%, 1.91-1.85 (m, 2
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H, CH,?), 1.25-1.00 (m, 10 H, 8,>*>%), 0.82 (t,°J(H,H) = 6.8, 3 H, E&5%). °C NMR
(DMSO, 50 MHz)5 = 158.69 C°), 143.61 C*%), 128.28 C""), 59.85 C'), 31.03, 30.46,
28.35, 28.24, 25.28, 21.9€7"), 21.31 C%, 13.85 CY).

MS (El, 70 eV)m/z 93, 128, 206 (MH). EA: CiHa4IN (Calc.) C: 50.46 %, H: 7.26 %, N:
4.20 %, (Found) C: 50.11 %, H: 7.22 %, N: 4.32 %.

N-nonyl-4-methyl-pyridinium iodid&4g

'H NMR (CDCh, J/Hz, 400 MHz)5 = 9.14 (d2J(H,H) = 6.64, 2 H, AH*?), 7.84 (d 3J(H,H)

= 6.43, 2 H, ArtH"®), 4.71 (t3J(H,H) = 7.5, 2 H, ©,), 2.58 (s, 3 H, €57, 1.95-1.88 (m, 2
H, CH.%), 1.29-1.09 (m, 12 H, B,>*>*"§, 0.74 (t,%J(H,H) = 6.8, 3 H, EI5°). °C NMR
(CDCls, 100 MHz)$ = 158.64 C°), 143.72 C*%), 128.70 C"?), 60.97 CY), 31.47, 31.45,
30.19, 29.01, 28.84, 25.71, 22.3%F), 21.16 C%, 13.80 C9).

MS (El, 70 eV)m/z 93, 128, 219 (MHI), 254. EA: GsHaeIN (Calc.) C: 51.88 %, H: 7.55 %,
N: 4.03 %, (Found) C: 51.61 %, H: 7.63 %, N: 4.20 %

N-tetradecyl-4-methyl-pyridinium bromidéh:

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.97 (d*J(H,H) = 5.81, 2 H, AH?%), 7.98 (d2J(H,H)
=6.02, 2 H, ArH™), 4.54 (t3(H,H) = 7.3, 2 H, El,Y, 2.60 (s, 3 H, €3%), 1.88-1.85 (m, 2
H, CH.%, 1.25-1.21 (m, 22 H, B,°%), 0.83 (t,°J(H,H) = 6.64, 3 H, El5%. °C NMR
(DMSO, 100 MHz)$ = 159.18 €, 144.17 C*%), 128.80 C"), 60.38 CY), 31.80, 31.11,
29.57, 29.55, 29.52, 29.43, 29.31, 28.90, 25.9G®AC>"Y), 21.89 CY), 14.45 C*4.

MS (El, 70 eV)m/z 93, 289 (M-HBr). EA: CyoH3¢BrN (Calc.) C: 64.85 %, H: 9.80 %, Br:
21.57 %, N: 3.78 %, (Found) C: 64.43 %, H: 9.778¥%,21.88 %, N: 3.79 %.

N-hexadecyl-4-methyl-pyridinium bromidéi:

'H NMR (DMSO, J/Hz, 400 MHz)s = 8.91 (d*J(H,H) = 6.64, 2 H, AH*%), 7.94 (d 2J(H,H)
=6.43, 2 H, ArH"?), 4.49 (t3(H,H) = 7.47, 2 H, @Y, 2.56 (s, 3 H, €3%, 1.87-1.82 (m,
2 H, (H,9), 1.22 (bs, 26 H, B,>™), 0.81 (t,%J(H,H) = 6.8, 3 H, E5'%).**C NMR (DMSO,
100 MHz) & = 158.61 C°), 143.56 C*%), 128.22 ¢, 59.82 CY), 31.21, 30.51, 28.96,
28.92, 28.92, 28.84, 28.72, 28.62, 28.31, 25.301€>"9, 21.30 C%, 13.86 C9).

MS (El, 70 eV)m/z 168, 197, 309 (M. EA: CoH.4BrN (Calc.) C: 67.58 %, H: 10.40 %, Br:
18.73 %, N: 3.28 %, (Found) C: 67.27 %, H: 10.48%,18.24 %, N: 3.08 %.
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N-hexadecyl-4-methyl-pyridinium iodidd;:

'H NMR (DMSO, J/Hz, 200 MHz)8 = 8.91 (d*J(H,H) = 6.64, 2 H, AH*%), 7.97 (d2J(H,H)
= 6.43, 2 H, ArtH"®), 4.50 (t3J(H,H) = 7.3, 2 H, ©,), 2.59 (s, 3 H, €57, 1.90-1.86 (m, 2
H, CH,%), 1.22 (bs, 26 H, B,>™), 0.84 (t,*J(H,H) = 6.3, 3 H, E5'%).*C NMR (DMSO, 100
MHz) & = 158.45 C°), 143.40 C*%, 128.10 €, 59.81 C1), 31.20, 30.45, 29.74, 28.95,
28.91, 28.87, 28.82, 28.74, 28.69, 28.61, 25.3@MPE>"9, 21.31 %, 13.88 C*9).

MS (El, 70 eV)m/z 93, 127, 225, 318 (MI). EA: CxHaolN (Calc.) C: 59.32 %, H: 9.05 %,
N: 3.14 %, (Found) C: 58.88 %, H: 9.59 %, N: 2.26 %

N-octadecyl-4-methyl-pyridinium bromiddk:

'H NMR (CDCh, J/Hz, 400 MHz)5 = 9.25 (d2J(H,H) = 6.22, 2 H, AH*?), 7.85 (d 2J(H,H)
=6.22, 2 H, ArtH"®), 4.87 (t3J(H,H) = 7.3, 2 H, ©,), 2.64 (s, 3 H, €57, 1.99-1.93 (m, 2
H, CH,%), 1.29-1.19 (m, 30 H, B,°>*), 0.84 (t,°J(H,H) = 6.3, 3 H, E5'%.°C NMR (CDC},
125 MHz) § = 158.77 C°), 144.15 C*%), 128.79 C"), 61.33 CY), 31.87, 31.81, 29.65,
29.61, 29.55, 29.47, 29.32, 29.31, 29.04, 26.002&2.63C>1), 22.24 €%, 14.06 C9).

N-octadecyl-4-methyl-pyridinium iodidell:

'H NMR (DMSO, J/Hz, 400 MHz)8 = 8.90 (d*J(H,H) = 6.64, 2 H, AH*%), 7.97 (d2J(H,H)
= 6.43, 2 H, ArH™®), 4.49 (t3J(H,H) = 7.47, 2 H, E1,Y), 2.59 (s, 3 H, 657, 1.88-1.85 (m,
2 H, (H,9), 1.22 (bs, 30 H, B,>*), 0.84 (t,%)(H,H) = 6.8, 3 H, E5'%).%*C NMR (DMSO,
100 MHz) & = 158.45 C°), 143.40 C*%, 128.10 C"), 59.81 CY), 31.19, 30.45, 28.93,
28.90, 28.82, 28.69, 28.60, 28.28, 25.30, 22a¥6'{), 21.30 C%), 13.87 C*).

MS (El, 70 eV)m/z 127, 253, 345 (NH). EA: Co4Ha4lN (Calc.) C: 60.88 %, H: 9.37 %, N:
2.96 %, (Found) C: 60.50 %, H: 9.79 %, N: 2.56 %.

N-eicosyl-4-methyl-pyridinium bromidetm:

'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.24 (d2J(H,H) = 6.22, 2 H, AH®%), 7.84 (d*J(H,H)
=6.22, 2 H, ArtH"®), 4.89 (t3J(H,H) = 7.3, 2 H, ©,), 2.64 (s, 3 H, €57, 2.01-1.94 (m, 2
H, CH,%), 1.29-1.20 (m, 34 H, 8,>"%, 0.85 (t,*J(H,H) = 6.8, 3 H, &15°%.°C NMR (CDCE,
100 MHz) & = 158.42 C°), 144.10 C*%, 128.70 C°"), 61.21 CY), 31.88, 31.83, 29.67,
29.62, 29.59, 29.51, 29.36, 29.32, 29.08, 26.0&632€>"9), 22.25 €%, 14.08 C%9).
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N-docosyl-4-methyl-pyridinium bromidén:

'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.29 (d2J(H,H) = 6.64, 2 H, AH*?), 7.86 (d*J(H,H)

= 6.43, 2 H, ArH""), 4.86 (t,%J(H,H) = 7.47, 2 H, E1,Y), 2.62 (s, 3 H, 657, 2.00-1.93 (m,
2 H, CH?, 1.31-1.18 (m, 38 H, B,>%), 0.83 (t,*J(H,H) = 6.8, 3 H, E:%). *C NMR

(CDCl;, 100 MHz)$ = 158.47 C°), 144.10 C*%), 128.68 C""), 61.15 C'), 31.86, 31.82,
29.65, 29.61, 29.59, 29.57, 29.49, 29.34, 29.298%P6.05, 22.63q°2Y, 22.22 €%, 14.06

(C*).

4.3.2.N-alkyl-4'-oxy- and -hydroxy-stilbazolium compoundsl5a — n

General procedure

The appropriateN-alkyl-4-methyl-picolinium saltsl4a — n (1 mmol), 4-substituted-
benzaldehyde (1 mmol), piperidine (0.13 ml) and ethyanol were heated under reflux for 8 h.
By cooling the reaction to room temperature thedpobs precipitate. The red solids were

filtrate, washed with ether and purified for twotbree times by recrystalization from ethanol.

N-methyl-4'- oxy-stilbazolium dyba

Reagents: 4-Hydroxy-benzaldehyde (0.1 mol, 12.3 g),
1-propyl-4-methyl-pyridinium iodide (0.1 mol, 24g),
piperidine (8.5 ml),
dry ethanol (125 ml).
Purification: Recrystalization for three times fromater and then from a mixture of
ethanol/water = 2/1.
Yield: 62 % (0.062 mol), red crystals
Analytical data: G4H13NO My = 211.26
'H NMR (DMSO0, J/Hz, 500 MHz)$ = 8.08 (d2J(H,H) = 7.06, 2 H, AH*%), 7.62 (d3J(H,H)
=14.94, 1 H, AH®%, 7.45 (d,*J(H,H) = 6.85, 2 H, AH"?), 7.26 (d,2J(H,H) = 8.33, 2 H,
Ar-H99), 6.41 (d,2J(H,H) = 15.15, 1 H, A%, 6.04 (d,2J(H,H) = 8.92, 2 H, AH""), 3.88
(s, CH3Y. *C NMR (DMSO, 125 MHz)s = 179.48 C'), 152.70 C°), 143.82 C°), 141.59
(C*9), 132.88 €99), 121.47 ¢"M), 118.10 €Y, 115.54 C"), 107.02 C%), 44.53¢CY).
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MS (ESI): 212.3 (MH). EA: CisH13NO (Calc.) C: 79.59 %, H: 6.20 %, N: 6.63 %, (Fou6d
78.04 %, H: 6.62 %, N: 6.52 %.

N-propyl-4'- oxy-stilbazolium dyksh:

Reagents: 4-Hydroxy-benzaldehyde (0.055 mol, 5.8 g
1-propyl-4-methyl-pyridinium iodide (0.055 moK .Y g),
piperidine (4.6 ml),
dry ethanol (70 ml),
0.35 M KOH.
Purification: Recrystalization for three times fravater.
Yield: 60 % (0.033 mol), red powder
Analytical data: GgH1/NO My, = 239.31
'H NMR (DMSO, J/Hz, 400 MHz)§ = 8.13 (d2J(H,H) = 7.26, 2 H, AH®%), 7.6 (d2J(H,H)
=14.94, 1 H, AH®%, 7.45 (d,*J(H,H) = 6.85, 2 H, AH"?), 7.26 (d,J(H,H) = 7.88, 2 H,
Ar-H%9), 6.42 (d,2J(H,H) = 14.95, 1 H, A%, 6.04 (d.2J(H,H) = 8.92, 2 H, AH""), 4.08
(t, 3JH,H) = 7.1, 2 H, ®,"Y, 1.83-1.74 (m, 2 H, B,Y), 0.85, (t,°J(H,H) = 7.3, 2 H, Ei3°).
¥C NMR (DMSO, 100 MHz) = 179.56 C'), 152.84 C°), 143.95 C9), 140.67 C*%), 132.95
(C%9), 121.54 ¢""), 118.10 C"?), 115.70 C"), 106.95 C%, 58.62 C1), 23.61 C?), 10.28
(C3.
MS (El, 70 eV): 93, 198, 240 (MBl EA: C;gH1/NO-0.9H,0 (Calc.) C: 75.14 %, H: 7.36 %,
N: 5.47 %, (Found) C: 75.22 %, H: 7.59 %, N: 5.10 %

N-butyl-4'-oxy-stilbazolium dyEsc

Reagents: 4-Hydroxy-benzaldehyde (0.1 mol, 12.2 g),
1-butyl-4-methyl-pyridinium bromide (0.1 mol, 23,
piperidine (13.3 ml),

112



Experimental part

dry ethanol (111 ml),

0.35 M KOH.
Purification: Recrystalization from ethanol
Yield: 40.15 % (0.04 mol), red powder
Analytical data: G;H1gNO My, = 253.37
'H NMR (DMSO, J/Hz, 400 MHz) = 8.66 (d*J(H,H) = 6.84, 2 H, AH*%), 7.93 (d2J(H,H)
= 6.85, 2 H, ArH""), 7.85 (d,2J(H,H) = 15.98, 1 H, €°), 7.46 (dJ(H,H) = 8.72, 2 H, Ar-
H99), 6.97 (d,2)(H,H) = 15.77, 1 H, €Y, 6.60 (d,%J(H,H) = 8.71, 2 H, AH""), 4.36 (t,
3)(H,H) = 7.26, 2 H, &%), 1.86-1.78 (m, 2 H, B,%, 1.30-1.22 (m, 2 H, B,%), 0.89 (t,
3J(H,H) = 7.3, 3 H, E5%.*C NMR (DMSO, 100 MHz) = 168.52 C"), 153.55 C°), 142.82
(C*¥), 142.76 C9), 131.15 €%9), 121.57 C"), 121.46 C°"), 118.06 C%), 114.92 ¢,
58.45 C1), 32.38, 18.75G>3), 13.30 C*).
MS (El, 70 eV)m/z 93, 106, 149, 197, 255 (MM

N-pentyl-4'-oxy-stilbazolium dyibd:

Reagents: 4-Hydroxy-benzaldehyde (0.15 mol, 18.3 g)
1-pentyl-4-methyl-pyridinium iodide (0.15 mol, 44,
piperidine (20 ml),
dry ethanol (250 ml),
0.35 M KOH.
Purification: Recrystalization from ethanol
Yield: 63.4 % (0.095 mol), red powder
Analytical data: GgH2:NO My = 267.37
'H NMR (DMSO, J/Hz, 200 MHz)s = 8.84 (d*J(H,H) = 6.64, 2 H, ArH*%), 8.12 (d2J(H,H)
= 6.64, 2 H, ArH""), 7.93 (d,3J(H,H) = 16.18, 1 H, €°), 7.58 (d,J(H,H) = 8.5, 2 H, Ar-
H99), 7.23 (d,2J(H,H) = 16.18, 1 H, €Y, 6.82 (d,%J(H,H) = 8.51, 2 H, AH""), 4.44 (t,
3)(H,H) = 7.26, 2 H, El,", 1.95-1.81 (m, 2 H, B9, 1.36-1.05 (m, 4 H, B,*>%, 0.86 (t,
3J(H,H) = 6.7, 3 H, CH).®C NMR (DMSO, 50 MHz)5 = 161.37 C'), 153.45 C°), 143.70
(C*¥), 141.59 C9), 130.38 C%9), 125.51 C"), 122.87 ¢"), 118.89 C%), 116.33 C"™"),
59.28 CY), 30.12, 27.51, 21.50C¢%), 13.69 C°).
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MS (EI, 70 eV)m/z 71, 93, 197, 267 (k). EA: CigHINO (Calc.) C: 54.69 %, H: 5.61 %, N:
3.54 %, (Found) C: 55.96 %, H: 6.04 %, N: 3.53 %.

N-hexyl-4'-oxy-stilbazolium dyibe

Reagents:  4-Hydroxy-benzaldehyde (0.175 mol, 24)44
1-hexyl-4-methyl-pyridinium iodide (0.175 mol, 833),
piperidine (23.33 ml),
dry ethanol (290 ml),
0.35 M KOH.
Purification: Recrystalization from ethanol.
Yield: 59.6 % (0.13 mol), red powder
Analytical data: GoH23NO M, = 281.39
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.73 (d*J(H,H) = 6.64, 2 H, AH*%), 8.02 (d2J(H,H)
= 6.64, 2 H, ArH"®), 7.87 (d2J(H,H) = 16.18, 1 H, €&°), 7.50 (d.*J(H,H) = 8.51, 2 H, Ar-
H99), 7.10 (d,2J(H,H) = 16.18, 1 H, €Y, 6.70 (d,%J(H,H) = 8.51, 2 H, AH""), 4.37 (t,
3J(H,H) = 7.3, 2 H, ©,"), 1.85-1.81 (m, 2 H, B,Y, 1.24-1.21 (m, 6 H, B,>*9, 0.81 (t,
3J(H,H) = 6.0, 3 H, &<%).*C NMR (DMSO, 100 MHz) = 164.02 C"), 153.32 C°), 143.17
(C*9), 141.91 €9, 130.50 C%9), 123.78 C), 122.19 ¢"P), 117.21 ¢Y), 116.84 C""),
59.02 CY), 30.49, 30.35, 25.02, 21.8@C%), 13.77 C9).
MS (El, 70 eV)m/z 85, 93, 197, 281 (K). EA: CigH24INO (Calc.) C: 55.75 %, H: 5.91 %, N:
3.42 %, (Found) C: 58.29 %, H: 6.47 %, N: 3.32 %.

N-octyl-4'-oxy-stilbazolium dy&5f:

Reagents: 4-Hydroxy-benzaldehyde (0.17 mol, 21,.2 g)
1-octyl-4-methyl-pyridinium iodide (0.17 mol, ®7g),
piperidine (23 ml),
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dry ethanol (315 ml),

0.35 M KOH.
Purification: Recrystalization from ethanol for twmes.
Yield: 70.6 % (0.12 mol), red powder
Analytical data: G;H»7NO My, = 309.45
'H NMR (DMSO, J/Hz, 200 MHz)8 = 8.75 (d*J(H,H) = 6.64, 2 H, ArH*%), 8.03 (d2J(H,H)
= 6.64, 2 H, ArH""), 7.89 (d,2J(H,H) = 15.98, 1 H, €°), 7.52 (d,*J(H,H) = 8.72, 2 H, Ar-
H99), 7.09 (d,2J(H,H) = 15.98, 1 H, €Y, 6.71 (d,3J(H,H) = 8.72, 2 H, AH""), 4.39 (t,
3)(H,H) = 7.1, 2 H, G, 1.84 (m, 2 H, €9, 1.21 (bs, 10 H, B,>"), 0.82 (t,2J(H,H) = 6.3,
3 H, CH3%). °C NMR (DMSO, 50 MHz) = 165.49 C'), 153.55 C°), 143.19 C*%), 142.29
(C9), 130.74 €99, 123.20 C"), 122.14 ¢"P), 117.21 ¢, 116.73 C™"), 58.96 C), 31.05,
30.42, 28.39, 28.29, 25.37, 21.97(), 13.86 C?).
MS (El, 70 eV)m/z 93, 197, 309 (NkHI). EA: Co1H2gINO (Calc.) C: 57.67 %, H: 6.45 %, N:
3.20 %, (Found) C: 62.26 %, H: 7.07 %, N: 3.22 %.

N-nonyl-4'-oxy-stilbazolium dyksg

Reagents: 4-Hydroxy-benzaldehyde (0.024 mol, 3)02 g
1-nonyl-4-methyl-pyridinium iodide (0.024 mol 63g),
piperidine (3.2 ml),
dry ethanol (40 ml),
0.35 M KOH solution for deprotonation.
Purification: Recrystalization from ethanol.
Yield: 66.6 % (0.016 mol), red powder
Analytical data: G;H,gNO My, = 323.47
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.72 (d*J(H,H) = 6.84, 2 H, ArH*%), 8.00 (d2J(H,H)
= 6.84, 2 H, ArH""), 7.86 (d,2J(H,H) = 15.98, 1 H, €°), 7.49 (d2J(H,H) = 8.71, 2 H, Ar-
H99), 7.08 (d,2J(H,H) = 15.98, 1 H, €Y, 6.69 (d,%J(H,H) = 8.71, 2 H, AH""), 4.36 (t,
3J(H,H) = 7.26, 2 H, El,"), 1.84-1.80 (m, 2 H, B,%, 1.22-1.07 (m, 12 H, B,*9), 0.82 (t,
3J(H,H) = 6.8, 3 H, E3). *C NMR (DMSO, 100 MHz)5 = 165.73 C'), 153.46 C°), 143.08
(C*¥), 142.27 C9), 130.74 C%9), 122.98 C"), 121.97 ¢Y), 117.28 C%, 116.43 C™"),
58.96 C'), 31.05, 30.42, 28.39, 28.29, 25.37, 21871, 13.86 C°).
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MS (EI, 70 eV)m/z 93, 197, 323 (NFHI). EA: CasHsoNO (Calc.) C: 58.54 %, H: 6.70 %, N:
3.10 %, (Found) C: 62.76 %, H: 7.43 %, N: 3.06 %.

N-tetradecyl-4'-hydroxy-stilbazolium bromidgh:

14 12 10 8 6 4 2
13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (5.40 mmol, 0)66 g
1-tetradecyl-4-methyl-pyridinium bromide (5.40 min?2 g),
piperidine (0.72 ml),
dry ethanol (9 ml).
Purification: Recrystalization from ethanol
Yield: 50.7 % (2.74 mmol), red powder
Analytical data: G/H40BrNO My = 474.52
'H NMR (DMSO,J/Hz, 400 MHz)s = 8.70 (d2J(H,H) = 6.84, 2 H, AH*%), 7.98 (d2J(H,H)
= 6.84, 2 H, ArH""), 7.85 (d,2J(H,H) = 15.97, 1 H, €°), 7.49 (dJ(H,H) = 8.71, 2 H, Ar-
H%9), 7.05 (d,2J(H,H) = 15.97, 1 H, &Y, 6.67 (d,%J(H,H) = 8.51, 2 H, AH""), 4.35 (t,
3)(H,H) = 7.26, 2 H, E,"), 1.84-1.80 (m, 2 H, B,), 1.22-1.18 (m, 22 H, B,°*9), 0.81 (t,
3J(H,H) = 6.8, 3 H, EI5'%). *C NMR (DMSO, 100 MHz)5 = 164.91 C'), 153.48 C°),
143.20 C*¥), 142.17 €9, 130.65 C99), 123.47 C"), 122.11 ¢*Y), 117.10 C%, 116.86
(c"M), 58.95 1), 31.19, 30.37, 28.95, 28.91, 28.88, 28.79, 28680, 28.29, 25.33, 21.98
(C*19), 13.84 C*.
MS (El, 70 eV)m/z 93, 197, 393 (NFHBr). EA: CyH4oBrNO (Calc.) C: 68.34 %, H: 8.50 %,
Br: 16.84 %, N: 2.95 %, (Found) C: 69.34 %, H: 8%82Br: 13.39 %, N: 2.98 %.

N-hexadecyl-4'-hydroxy-stilbazolium bromiti:

16 14 12 10 8 6 4 2
15 13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (2.51 mmol, 0)31 g
1-hexadecyl-4-methyl-pyridinium bromide (2.51 mipfog),
piperidine (0.3 ml),
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dry ethanol (5 ml).
Purification: Recrystalization from ethanol.
Yield: 59.36 % (1.49 mmol), red powder
Analytical data: GoH44BrNO My = 502.57
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.72 (d*J(H,H) = 6.84, 2 H, AH*%), 8.02 (d2J(H,H)
= 6.84, 2 H, ArH"®), 7.86 (dJ(H,H) = 15.97, 1 H, €&°), 7.51 (d2J(H,H) = 8.71, 2 H, Ar-
H99), 7.10 (d,2J(H,H) = 15.97, 1 H, €Y, 6.70 (d,%J(H,H) = 8.71, 2 H, AH""), 4.36 (t,
3J(H,H) = 7.26, 2 H, El,Y), 1.84-1.80 (m, 2 H, B,Y), 1.22-1.17 (m, 26 H, B,°9), 0.80 (t,
%J(H,H) = 6.8, 3 H, E3°. *C NMR (DMSO, 100 MHz)s = 160.77 C'), 154.02 C°),
143.91 C*9¥, 142.56 C9), 131.17 C%9), 124.69 C"), 122.88 ¢, 118.01 C%), 117.49
(c™M), 59.66 CY), 31.80, 30.97, 29.55, 29.51, 29.49, 29.40, 222R0, 28.89, 25.95, 22.60
(C*19, 14.46 C™).
MS (El, 70 eV)m/z 93, 197, 225, 421 (MHBr). EA: CygHaBrNO (Calc.) C: 69.31 %, H:
8.82 %, Br: 15.90 %, N: 2.79 %, (Found) C: 70.01H49.11 %, Br: 13.18 %, N: 2.78 %.

N-hexadecyl-4'-hydroxy-stilbazolium iodidi;:

16 14 12 10 8 6 4 2
15 13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (0.06 mol, 26.7 g)
1-hexadecyl-4-methyl-pyridinium iodide (0.06 mol32 g),
piperidine (8 ml),
dry ethanol (100 ml).
Purification: Recrystalization from ethanol.
Yield: 50 % (0.03 mol), red powder
Analytical data: GgH44INO My = 549.57
'H NMR (DMSO0,J/Hz, 400 MHz) = 8.72 (d2J(H,H) = 6.84, 2 H, ArH*%), 8.00 (d *J(H,H)
= 6.84, 2 H, ArH"®), 7.86 (d2J(H,H) = 15.97, 1 H, €&°), 7.49 (d2J(H,H) = 8.71, 2 H, Ar-
H%9), 7.08 (d,2J(H,H) = 16.18, 1 H, &Y, 6.69 (d,*J(H,H) = 8.71, 2 H, AH""), 4.36 (t,
3J(H,H) = 7.26, 2 H, El,Y), 1.84-1.82 (m, 2 H, B,Y), 1.21-1.02 (m, 26 H, B,°9), 0.80 (t,
3J(H,H) = 6.8, 3 H, E5'%). °C NMR (DMSO, 50 MHz) = 164.84 C'), 153.51 C°), 143.25
(C*¥), 142.18 C9), 130.70 €%9), 123.55 C"), 122.18 C"?), 117.10 €%, 116.97 C""),
59.01 CY), 31.23, 30.40, 28.99, 28.83, 28.72, 28.64, 2828336, 22.03,¢*9), 13.88 C'9).
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MS (El, 70, eV)m/z 93, 197, 225, 421 (M HI). EA: CogH44INO (Calc.) C: 63.38 %, H: 8.07
%, N: 2.55 %, (Found) C: 67.01 %, H: 8.03 %, N:524.

N-octadecyl-4'-hydroxy-stilbazolium bromitigk:

18 16 14 12 10 8 6 4 2
17 15 13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (0.94 mmol, 0)11 g
1-octadecyl-4-methyl-pyridinium bromide (0.94 mipt4 g),
piperidine (0.12 ml),
dry ethanol (5 ml).
Purification: Recrystalization from ethanol.
Yield: 60 % (0.56 mmol), red powder
Analytical data: GiH4sBrNO My, = 530.62
'H NMR (DMSO, J/Hz, 400 MHz)8 = 8.77 (d*J(H,H) = 6.64, 2 H, ArH*%), 8.06 (d2J(H,H)
= 6.84, 2 H, ArH""), 7.89 (d,2J(H,H) = 16.18, 1 H, €°), 7.56 (d,J(H,H) = 8.71, 2 H, Ar-
H99), 7.18 (d,2J(H,H) = 16.18, 1 H, €Y, 6.78 (d,%J(H,H) = 8.71, 2 H, AH™"), 4.40 (t,
3)(H,H) = 7.3, 2 H, &Y, 1.87-1.83 (m, 2 H, B>, 1.24-1.20 (m, 30 H, B,>*9, 0.83 (t,
%J(H,H) = 6.8, 3 H, E3'). *C NMR (DMSO, 100 MHz)s = 160.52 C'), 153.32 C9),
143.60 C*¥), 141.36 C9), 130.21 €99, 125.78 C"), 122.86 C*Y), 119.12 C%, 116.08
(c™"), 59.35 CY), 31.16, 30.35, 28.88, 28.75, 28.63, 28.55, 28849, 21.96G¢> "), 13.82
(Cls)_
MS (El, 70 eV)m/z 197, 253, 449 (M-HBr). EA: §H.gBrNO (Calc.) C: 70.17 %, H: 9.12 %,
Br: 15.06 %, N: 2.64 %, (Found) C: 70.73 %, H: 45Br: 12.22 %, N: 2.64 %.

N-octadecyl-4'-hydroxy-stilbazolium iodidél:

18 16 14 12 10 8 6 4 2
17 15 13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (0.036 mol, 1),.1 g
1-octadecyl-4-methyl-pyridinium iodide (0.036 mél41 g),
piperidine (4.8 ml),
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dry ethanol (60 ml).
Purification: Recrystalization from ethanol
Yield: 47.2 % (0.017 mol), red powder
Analytical data: GiH4gINO My = 577.62
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.75 (d*J(H,H) = 6.84, 2 H, AH*%), 8.03 (d2J(H,H)
= 6.84, 2 H, ArH"®), 7.87 (d2J(H,H) = 15.97, 1 H, €&°), 7.52 (d*J(H,H) = 8.71, 2 H, Ar-
H99), 7.13 (d,2)(H,H) = 15.97, 1 H, €Y, 6.73 (d,%J(H,H) = 8.51, 2 H, AH""), 4.38 (t,
3J(H,H) = 7.26, 2 H, El,Y), 1.85-1.83 (m, 2 H, B,Y), 1.23-1.18 (m, 30 H, B,°'%), 0.83 (t,
3J(H,H) = 6.7, 3 H, E15'¥).°C NMR (DMSO, 50 MHz) = 161.66 C'), 153.40 C°), 143.61
(C*¥), 141.61 C9), 130.37 C%9), 125.28 C"), 122.74 C"Y), 118.63 C%), 116.38 C""),
59.27 CY), 31.24, 30.41, 28.98, 28.83, 28.72, 28.64, 288236, 22.04¢*"), 13.89 C™).
MS (El, 70 eV)m/z 197, 253, 449 (M-HI). EA: §HgINO (Calc.) C: 64.46 %, H: 8.38 %, N:
2.42 %, (Found) C: 67.30 %, H: 9.18 %, N: 2.23 %.

N-eicosyl-4'-hydroxy-stilbazolium bromidém:

20 18 16 14 12 10 8 6 4 2
19 17 15 13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (2.20 mmol, 0)26 g
1-eicosyl-4-methyl-pyridinium bromide (2.20 mmalg),
piperidine (0.29 ml),
dry ethanol (4 ml).
Purification: Recrystalization from ethanol
Yield: 66 % (1.46 mmol), red powder
Analytical data: GzHs,BrNO M, = 558.68
'H NMR (CDCh, J/Hz, 400 MHz)5 = 8.51 (d2J(H,H) = 6.22, 2 H, AH*?), 7.68 (d 2J(H,H)
=6.02, 2 H, ArH"®), 7.36 (d2J(H,H) = 15.77, 1 H, €°), 7.25 (d,2J(H,H) = 8.47, 2 H, Ar-
H%9%), 6.76 (d,2J(H,H) = 7.88, 2 H, AH™"), 6.65 (d,J(H,H) = 15.77, 1 H, €Y, 4.43 (bs,
CH,%), 1.84 (bs, 2 H, 8,7, 1.22-1.16 (m, 34 H, B,°*9), 0.83 (,°J(H,H) = 6.8, 3 H, E5%).
3C NMR (CDCE, 100 MHz)8 = 162.65 C'), 153.78 C°), 142.74 C*%), 142.24 C°), 130.78
(C%9), 125.07 C"), 123.17 €"), 117.98 ¢, 117.14 C"M), 60.66 C1), 31.96, 31.44, 29.80,
29.78, 29.77, 29.71, 29.66, 29.53, 29.40, 29.1812&5.86, 24.84, 22.73 &), 14.16 (C°).
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MS (EIl, 70 eV)m/z 197, 281, 477 (M-HBr). EA: §HsBrNO (Calc.) C: 70.95 %, H: 9.38 %,
Br: 14.30 %, N: 2.51 %, (Found) C: 72.55 %, H: 982Br: 11.31 %, N: 2.54 %.

N-docosyl-4'-hydroxy-stilbazolium bromidén:

22 20 18 16 14 12 10 8 6 4 2
21 19 17 15 13 11 9 7 5 3

Reagents: 4-Hydroxy-benzaldehyde (2.07 mmol, 0)25 g
1-docosyl-4-methyl-pyridinium bromide (2.07 mmblg),
piperidine (0.28 ml),
dry ethanol (3.5 ml).
Purification: Recrystalization from ethanol.
Yield: 83.1 % (1.72 mmol), red powder
Analytical data: @sHssBrNO M, = 586.73
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.81 (d*J(H,H) = 6.84, 2 H, ArH*%), 8.10 (d2J(H,H)
= 6.64, 2 H, ArH"®), 7.89 (d2J(H,H) = 15.97, 1 H, €&°), 7.57 (d2J(H,H) = 8.71, 2 H, Ar-
H99), 7.23 (d,2J(H,H) = 16.39, 1 H, €Y, 6.83 (d,%J(H,H) = 8.51, 2 H, AH""), 4.41 (t,
3)(H,H) = 7.4, 2 H, .Y, 1.84 (m, 2 H, €,%), 1.23-1.18 (m, 38 H, B,>?Y, 0.81 (t,2J(H,H)
= 6.6, 3 H, ®5%%).°C NMR (DMSO, 100 MHz) = 162.13 C'), 152.61 C°), 141.48 C*%),
141.16 C°), 129.69 C%9), 123.55 C), 121.93 ¢"), 116.51 ¢%), 116.11 C""), 59.38 CY),
30.77, 30.22, 28.37, 28.20, 28.00, 25.13, 21.53{C12.94 (G?).
MS (El, 70 eV)m/z 197, 309, 505 (M-HBr). EA: §Hs¢BrNO (Calc.) C: 71.65 %, H: 9.62 %,
Br: 13.62 %, N: 2.39 %, (Found) C: 73.11 %, H: D0%, Br: 10.90 %, N: 2.35 %.

4.3.3.N-alkyl-4'-methoxy-stilbazolium salts 16a — f
N-tetradecyl-4'-methoxy-stilbazolium bromib@a

14 12 10 8 6 4 2
13 11 9 7 5 3

Reagents: 4-Methoxy-benzaldehyde (5.4 mmol, 0.73 g)
1-tetradecyl-4-methyl-pyridinium bromide (5.4 mimd g),
piperidine (0.72 ml),
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dry ethanol (9 ml).
Purification: Recrystalization from ethanol.
Yield: 47.4 % (2.56 mmol), red powder
Analytical data: GgH4,BrNO M, = 488.54
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.90 (d*J(H,H) = 6.84, 2 H, AH*%), 8.16 (d2J(H,H)
= 6.84, 2 H, ArH"®), 7.98 (d2J(H,H) = 16.18, 1 H, €&°), 7.68 (d.*J(H,H) = 8.71, 2 H, Ar-
H99), 7.35 (d,2J(H,H) = 16.18, 1 H, €Y, 7.01 (d,3J(H,H) = 8.71, 2 H, AH""), 4.45 (t,
3J(H,H) = 7.3, 2 H, E1,Y, 3.79 (s, 3 H, 083), 1.87-1.83 (m, 2 H, B,Y), 1.23-1.18 (m, 22 H,
CH,*™), 0.80 (t,%J(H,H) = 6.8, 3 H, Ei5*).*C NMR (DMSO, 100 MHz) = 161.66 C)),
153.72 C°), 144.45 C*%, 141.32 C9), 130.46 C%9), 128.30 C"), 123.81 C*P), 121.19 €Y,
115.14 ¢™"), 60.09 CY), 56.03 (QCHs), 31.89, 31.11, 29.66, 29.64, 29.61, 29.59, 29.50,
29.38, 29.30, 28.98, 28.99, 26.03, 22.651)), 14.56 C9).
EA: CgHaBrNO (Calc.) C: 68.84 %, H: 8.67 %, Br: 16.36 %, N87 %, (Found) C: 68.51
%, H: 8.85 %, Br: 16.30 %, N: 3.15 %.

N-hexadecyl-4'-methoxy-stilbazolium bromid:

16 14 12 10 8 6 4 2
15 13 11 9 7 5 3

Reagents: 4-Methoxy-benzaldehyde (2.51 mmol, 0)34 g
1-hexadecyl-4-methyl-pyridinium bromide (2.51 nmipiog),
piperidine (0.33 ml),
dry ethanol (3 ml).
Yield: 46.2 % (1.16 mmol), red powder
Analytical data: GoH4sBrNO My = 516.60
'H NMR (DMSO, J/Hz, 400 MHz)s = 8.91 (d2J(H,H) = 6.84, 2 H, AH*%), 8.17 (d2J(H,H)
= 6.84, 2 H, ArH"®), 7.99 (d2J(H,H) = 16.18, 1 H, €&°), 7.71 (d2J(H,H) = 8.92, 2 H, Ar-
H99), 7.36 (d,2J(H,H) = 16.39, 1 H, &Y, 7.05 (d,%J(H,H) = 8.71, 2 H, AH""), 4.46 (t,
3J(H,H) = 7.26, 2 H, €l,"), 3.82 (s, 3 H, OH3), 1.90-1.86 (m, 2 H, B,?), 1.26-1.21 (m, 26
H, CH.*), 0.83 (t,2J(H,H) = 6.8, 3 H, &15'%).*C NMR (DMSO, 100 MHz) = 161.09 C)),
153.15 C°), 143.87 C*9), 140.74 C®), 129.87 C99), 127.71 C"), 123.21 ¢*P), 120.58 C%,
114.51 (&), 59.39 (G), 55.35 (OCH), 31.18, 30.42, 28.94, 28.90, 28.80, 28.68, 28.59,
28.29, 25.32, 21.98¢ 19, 13.83 C9).
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EA: CsHasBrNO-0.5H,0 (Calc.) C: 68.49 %, H: 8.94 %, Br: 15.22 %, Né®%, (Found) C:
68.47 %, H: 9.14 %, Br: 15.92 %, N: 2.53 %.

N-octadecyl-4'-methoxy-stilbazolium bromit&c

18 16 14 12 10 8 6 4 2
17 15 13 11 9 7 5 3

Reagents: 4-Methoxy-benzaldehyde (1.17 mmol, 0)15 g
1-octadecyl-4-methyl-pyridinium bromide (1.17 mip@5 g),
piperidine (0.16 ml),
dry ethanol (4 ml).
Purification: Recrystalization from ethanol.
Yield: 45.55 % (0.53 mmol), red powder
Analytical data: GHs0BrNO My, = 544.65
'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.05 (d2J(H,H) = 6.84, 2 H, ArH®%), 8.01 (d*J(H,H)
= 6.84, 2 H, ArH""), 7.67 (d,2J(H,H) = 16.18, 1 H, €°), 7.56 (d,*J(H,H) = 8.71, 2 H, Ar-
H99), 6.99 (d,2J(H,H) = 16.18, 1 H, €Y, 6.87 (d,%J(H,H) = 8.71, 2 H, AH""), 4.68 (t,
3)(H,H) = 7.3, 2 H, %), 3.79 (s, 3 H, OH3), 1.95-1.88 (m, 2 H, B,Y), 1.26-1.16 (m, 30 H,
CH,>1%, 0.82 (t,%J(H,H) = 6.8, 3 H, E5'%.°C NMR (CDCE, 100 MHz)$ = 161.97 C'),
153.70 C°), 143.93 C*9), 141.87 C°), 130.27 C99), 127.30 C"), 123.68 C*?), 119.70 CY,
114.61 ¢™"), 60.68 CY), 55.43 (QCHs), 31.87, 31.65, 29.56, 29.48, 29.34, 29.30, 29.06,
26.09, 22.63¢**Y, 14.05 C*9).
EA: CaHsoBrNO-H,O (Calc.) C: 69.44 %, H: 9.22 %, Br: 14.46 %, N532%, (Found) C:
69.38 %, H: 9.63 %, Br: 14.98 %, N: 2.32 %.

N-octadecyl-4'-methoxy-stilbazolium ioditiéd:

18 16 14 12 10 8 6 4 2
17 15 13 11 9 7 5 3

Reagents: 4-Methoxy-benzaldehyde (2.11 mmol, 0)29 g
1-octadecyl-4-methyl-pyridinium iodide (2.11 mmblg),
piperidine (0.28 ml),
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dry ethanol (4 ml).
Purification: Recrystalization from ethanol.
Yield: 40.1 % (0.84 mmol), red powder
Analytical data: GHsoINO My = 591.65
'H NMR (CDCk, J/Hz, 400 MHz)5 = 8.92 (d2J(H,H) = 6.84, 2 H, ArH®*?), 8.01 (d*J(H,H)
= 6.64, 2 H, ArH"®), 7.68 (d*J(H,H) = 16.18, 1 H, €&°), 7.59 (d.*J(H,H) = 8.92, 2 H, Ar-
H99), 7.01 (d,2J(H,H) = 16.18, 1 H, €Y, 6.90 (d,%J(H,H) = 8.92, 2 H, AH""), 4.64 (t,
3J(H,H) = 7.3, 2 H, E1,Y, 3.81 (s, 3 H, 083), 1.97-1.89 (m, 2 H, B,?), 1.35-1.19 (m, 30 H,
CHZ*™), 0.84 (t,°J(H,H) = 6.7, 3 H, E€I5%.*°C NMR (CDCE, 100 MHz)3 = 161.96 C'),
153.77 C°), 143.62 C*?, 141.96 C°), 130.38 C99), 127.27 C"), 123.77 C*P), 119.61 CY,
114.59 C™"), 60.74 CY), 55.44 (QCHs), 31.83, 31.49, 29.62, 29.57, 29.54, 29.45, 29.31,
29.26, 29.01, 26.02, 22.561*"), 14.02 C*9).
EA: CsHsINO-0.2H0 (Calc.) C: 64.51 %, H: 8.47 %, N: 2.35 %, (Foufd)64.56 %, H:
8.93 %, N: 2.09 %.

N-eicosyl-4'-methoxy-stilbazolium bromitiee

20 18 16 14 12 10 8 6 4 2
19 17 15 13 11 9 7 5 3

Reagents: 4-Methoxy-benzaldehyde (2.20 mmol, Q.3 g)
1-eicosyl-4-methyl-pyridinium bromide (2.20 mmalg),
piperidine (0.29 ml),
dry ethanol (4 ml).
Purification: Recrystalization from ethanol.
Yield: 59.5 % (1.31 mmol), red powder
Analytical data: G4Hs4BrNO My =572.70
'H NMR (CDCh, J/Hz, 400 MHz)5 = 9.04 (d2J(H,H) = 6.02, 2 H, AH*?), 8.00 (d2J(H,H)
=6.02, 2 H, ArH"®), 7.67 (d2J(H,H) = 15.97, 1 H, €&°), 7.57 (d2J(H,H) = 8.71, 2 H, Ar-
H%9), 7.00 (d,2J(H,H) = 15.82, 1 H, &Y, 6.90 (d,*J(H,H) = 8.71, 2 H, AH""), 4.71 (t,
3J(H,H) = 7.01, 2 H, €,", 3.82 (s, 3 H, OH3), 1.95-1.91 (m, 2 H, B,?), 1.28-1.18 (m, 34
H, CH.*9), 0.84 (t,3(H,H) = 6.8, 3 H, E15°%. *C NMR (CDC}, 125 MHz)$ = 162.07 C),
153.77 C°), 144.07 C*9, 141.99 C®), 130.44 C%9), 127.28 C"), 123.69 C*P), 119.69 CY,
114.66 C""), 60.77 CY), 55.45 (OCH), 31.86, 31.79, 31.67, 29.65, 29.60, 29.56, 29.47,
29.33, 29.30, 29.05, 26.08, 22.63(9, 14.06 C*).
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EA: CaHs4BrNO-0.2HO (Calc.) C: 70.79 %, H: 9.44 %, Br: 13.88 %, Nt2%, (Found) C:
70.51 %, H: 9.63 %, Br: 13.95 %, N: 2.39 %.

N-docosyl-4'-methoxy-stilbazolium bromitief:

22 20 18 16 14 12 10 8 6 4 2
21 19 17 15 13 11 9 7 5 3

Reagents: 4-Methoxy-benzaldehyde (2.07 mmol, 082
1-docosyl-4-methyl-pyridinium bromide (2.07 mmblg),
piperidine (0.28 ml),
dry ethanol (4 ml).
Purification: Recrystalization from ethanol.
Yield: 68.1 % (1.41 mmol), red powder
Analytical data: GsHsgBrNO My, = 600.76
'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.06 (d2J(H,H) = 6.64, 2 H, ArH%%), 8.01 (d*J(H,H)
= 6.64, 2 H, ArH""), 7.67 (d,2J(H,H) = 16.18, 1 H, €°), 7.57 (dJ(H,H) = 8.71, 2 H, Ar-
H99), 6.99 (d,2J(H,H) = 16.18, 1 H, €Y, 6.88 (d,%J(H,H) = 8.92, 2 H, AH""), 4.70 (t,
3)(H,H) = 7.26, 2 H, ®,"), 3.80 (s, 3 H, OCH, 1.92 (m, 2 H, €59, 1.27-1.17 (m, 38 H,
CH,>2Y, 0.83 (t,%J(H,H) = 6.8, 3 H, E15°).°C NMR (CDCE, 125 MHz)$ = 161.94 C'),
153.69 C°), 143.93 C*9), 141.85 C%), 130.28 C99), 127.29 C"), 123.69 C*?), 119.70 CY,
114.62 ¢™"), 60.61 CY), 55.38 (QCHs), 31.80, 31.60, 29.58, 29.56, 29.54, 29.52, 29.29,
29.24, 29.01, 26.02, 22.5C1%), 13.99 C).
EA: CsgHseBrNO-0.2H0 (Calc.) C: 71.48 %, H: 9.66 %, Br: 13.23 %, N8B12%, (Found) C:
71.44 %, H: 9.75 %, Br: 12.82 %, N: 2.24 %.

4.3.4.N-alkyl-stilbazolium salts 17a - f
N-tetradecyl-stilbazolium bromidEra

14 12 10 8 6 4 2
13 11 9 7 5 3

Reagents: Benzaldehyde (1.08 mmol, 0.11 g),
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1-tetradecyl-4-methyl-pyridinium bromide (1.08 min0.4 g),

piperidine (0.15 ml),

dry ethanol (2 ml).
Purification: Recrystalization from ethanol.
Yield: 46.3 % (0.5 mmol), yellowish powder
Analytical data: G;H40BrN M,, = 458.52
'H NMR (DMSO,J/Hz, 400 MHz)s = 8.68 (d2J(H,H) = 6.64, 2 H, AH*%), 8.27 (d2J(H,H)
= 6.64, 2 H, ArH""), 8.04 (d,2J(H,H) = 16.93, 1 H, €°9), 7.75 (d,*J(H,H) = 6.84, 2 H, Ar-
H99), 7.54 (d,3)(H,H) = 16.39, 1 H, @Y, 7.50-7.44 (m, 3 H, AH™") 4.50 (t,%J(H,H) =
7.26, 2 H, &,Y), 1.91-1.89 (m, 2 H, B>, 1.26-1.21 (m, 22 H, B,>"), 0.83 (t,J(H,H) =
6.6, 3 H, ®5'%).°C NMR (DMSO, 100 MHz)5 = 152.70 C°), 144.13 C*%), 140.70 C9),
135.02 C"), 130.24 C'), 128.95 ¢""), 127.96 €%9), 123.78 C"P), 123.17 (€), 59.63 CY),
31.18, 30.42, 28.93, 28.89, 28.79, 28.66, 28.522&5.31, 21.98 &), 13.84 (C*.
EA: Co7HaoBrN (Calc.) C: 70.73 %, H: 8.59 %, Br: 17.43 %, 3\05 %, (Found) C: 71.36 %,
H: 9.58 %, Br: 16.55 %, N: 3.04 %.

N-hexadecyl-stilbazolium bromid&b:

16 14 12 10 8 6 4 2
15 13 11 9 7 5 3

Reagents: Benzaldehyde (2.51 mmol, 0.27 g),

1-hexadecyl-4-methyl-pyridinium bromide (2.51 nmipfog),

piperidine (0.33 ml),

dry ethanol (5 ml).
Purification: Recrystalization from ethanol.
Yield: 46 % (1.15 mmol), yellowish powder
Analytical data: GgH44BrN M., = 486.57
'H NMR (CDCh, J/Hz, 400 MHz)5 = 9.11 (d2J(H,H) = 6.43, 2 H, AH*?), 8.09 (d 2J(H,H)
= 6.43, 2 H, ArH"®), 7.73 (d2J(H,H) = 16.18, 1 H, €°), 7.63-7.61 (m, 2 H, AH%9), 7.39-
7.37 (m, 3 H, A" 7.17 (d,2)(H,H) = 16.18, 1 H, @Y, 4.75 (t,)(H,H) = 7.26, 2 H,
CH,"), 1.96-1.93 (m, 2 H, B,?), 1.28-1.18 (m, 26 H, B,>"), 0.84 (t,°J(H,H) = 6.84, 3 H,
CH3). **C NMR (CDC}, 100 MHz)$ = 153.37 C°), 144.29 C*%), 142.07 C°), 134.55 C",
130.86 C'), 129.12 ¢™"), 128.43 ¢99), 124.34 CY), 122.28 ¢, 61.01 CY), 32.02, 31.92,
31.84, 29.80, 29.76, 29.72, 29.64, 29.50, 29.482%96.26, 22.800° "), 14.23 €.
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EA: CogHaBrN-H,0 (Calc.) C: 69.03 %, H: 9.19 %, Br: 15.84 %, N7®%, (Found) C:
69.07 %, H: 9.20 %, Br: 16.71 %, N: 2.74 %.

N-octadecyl-stilbazolium bromide/c

18 16 14 12 10 8 6 4 2
17 15 13 11 9 7 5 3

Reagents: Benzaldehyde (2.34 mmol, 0.25 g),

1-octadecyl-4-methyl-pyridinium bromide (2.34 minibg),

piperidine (0.32 ml),

dry ethanol (5 ml).
Purification: Recrystalization two times from etban
Yield: 33.2 % (0.78 mmol), yellowish powder
Analytical data: G;H4sBrN My = 514.62
'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.15 (d2J(H,H) = 6.64, 2 H, ArH%%), 8.07 (d*J(H,H)
= 6.84, 2 H, ArH?®), 7.71 (d2J(H,H) = 16.39, 1 H, €°), 7.68-7.60 (m, 2 H, AH%9), 7.42-
7.38 (m, 3 H, AH™"Y 7.16 (d,%J(H,H) = 16.86, 1 H, &%, 4.77 (t,°J(H,H) = 7.3, 2 H,
CH,%), 1.98-1.88 (m, 2 H, B,%), 1.28-1.19 (m, 30 H, 8,>*), 0.84 (t,*J(H,H) = 6.8, 3 H,
CH3'). **C NMR (CDCE, 100 MHz)$ = 153.41 C°), 144.35 C*%), 142.16 C°), 134.48 C",
130.98 C'), 129.18 ¢""), 128.43 ¢99), 124.25 C"Y), 122.21 ¢%), 61.08 CY), 31.96, 31.78,
29.74, 29.70, 29.64, 29.55, 29.41, 29.39, 29.13,282.72 C**), 14.14 C*9).
EA: CaH4BrN-0.5H,0 (Calc.) C: 71.12 %, H: 9.36 %, N: 2.67 %, (Foufid)71.02 %, H:
9.62 %, N: 2.52 %.

N-octadecyl-stilbazolium iodidErd:

18 16 14 12 10 8 6 4 2
17 15 13 11 9 7 5 3

Reagents: Benzaldehyde (2.11 mmol, 0.22 g),
1-octadecyl-4-methyl-pyridinium iodide (2.11 mmblg),
piperidine (0.28 ml),
dry ethanol (4 ml).

Purification: Recrystalization two times from etban

Yield: 42.18 % (0.89 mmol), orange powder
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Analytical data: GiHagIN M,, = 561.62

'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.02 (d2J(H,H) = 6.84, 2 H, ArH*%), 8.10 (d*J(H,H)

= 6.84, 2 H, ArH"®), 7.73 (d2J(H,H) = 16.39, 1 H, €°), 7.64-7.62 (m, 2 H, AH%9), 7.40-
7.36 (m, 3 H, A" 7.18 (d,2)(H,H) = 16.18, 1 H, &Y, 4.68 (t,J(H,H) = 7.47, 2 H,
CH,"), 1.98-1.91 (m, 2 H, B,%, 1.28-1.18 (m, 30 H, B,>%, 0.84 (t,3J(H,H) = 6.8, 3 H,
CH3™®). °C NMR (CDCE, 100 MHz)8 = 153.52 C°), 144.10 C*%), 142.26 C°), 134.49 C"),
130.99 C'), 129.18 ¢"M"), 128.54 €99), 124.43 Y, 122.17 ¢%), 61.19 CY), 31.95, 31.66,
29.74, 29.69, 29.65, 29.56, 29.41, 29.38, 29.11282.72 C**), 14.14 C*9).

EA: CaiHagIN-0.2H0 (Calc.) C: 65.81 %, H: 8.56 %, N: 2.47 %, (Foud)65.86 %, H:
8.99 %, N: 2.28 %.

N-eicosyl-stilbazolium bromidE7e

20 18 16 14 12 10 8 6 4 2
19 17 15 13 11 9 7 5 3

Reagents: Benzaldehyde (2.20 mmol, 0.23 g),

1-eicosyl-4-methyl-pyridinium bromide (2.20 mmalg),

piperidine (0.29 ml),

dry ethanol (4 ml).
Purification: Recrystalization from ethanol.
Yield: 69.5 % (1.53 mmol), reddish powder
Analytical data: GzHs,BrN My = 542.68
'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.18 (d2J(H,H) = 6.64, 2 H, ArH*%), 8.10 (d*J(H,H)
= 6.64, 2 H, ArH?®), 7.73 (d2J(H,H) = 16.18, 1 H, €°), 7.62-7.60 (m, 2 H, AH%9), 7.37-
7.34 (m, 3 H, AH™"Y 7.17 (d,°J(H,H) = 16.18, 1 H, &%, 4.76 (t,%J(H,H) = 7.3, 2 H,
CH,Y), 1.97-1.92 (m, 2 H, B,%, 1.30-1.17 (m, 34 H, 8,9, 0.83 (t,J(H,H) = 6.8, 3 H,
CH4%9). **C NMR (CDC}, 100 MHz)$ = 153.28 C°), 144.24 C*%), 142.00 C°), 134.43 C",
130.78 C'), 129.02 ¢""), 128.31 €99), 124.18 €Y, 122.16 %), 60.97 CY), 31.93, 31.76,
29.72, 29.66, 29.63, 29.54, 29.40, 29.36, 29.13,82&2.70 C**9), 14.12 C*).
EA: CaaHs:BrN-H,O (Calc.) C: 72.49 %, H: 9.59 %, Br: 14.64 %, N5&%, (Found) C:
72.50 %, H: 10.06 %, Br: 14.16 %, N: 2.54 %.
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N-docosyl-stilbazolium bromiderf:

22 20 18 16 14 12 10 8 6 4 2
21 19 17 15 13 11 9 7 5 3

Reagents: Benzaldehyde (8.29 mmol, 0.88 g),

1-docosyl-4-methyl-pyridinium bromide (8.29 mmélg),

piperidine (1.1 ml),

dry ethanol (14 ml).
Purification: Recrystalization from ethanol.
Yield: 76.9 % (6.39 mmol), reddish powder
Analytical data: GsHseBrN M,y = 570.73
'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.17 (d2J(H,H) = 6.22, 2 H, ArH®%), 8.10 (d*J(H,H)
=6.22, 2 H, ArH"®), 7.72 (d2)(H,H) = 16.18, 1 H, €°), 7.61-7.59 (m, 2 H, AH%9), 7.39-
7.35 (m, 3 H, A" 7.16 (d,2)(H,H) = 16.18, 1 H, &Y, 4.74 (t,3)(H,H) = 7.26, 2 H,
CH,"), 1.95-1.90 (m, 2 H, B,%, 1.26-1.16 (m, 38 H, B,>?Y, 0.82 (t,3J(H,H) = 6.7, 3 H,
CH4%?). *C NMR (CDC}E, 100 MHz)$ = 153.22 C°), 144.26 C*%), 141.94 C°), 134.41 C",
130.74 C'), 128.99 ¢™"), 128.29 ¢99), 124.21 ¢Y), 122.16 C%), 60.92 CY), 31.89, 31.76,
29.69, 29.65, 29.63, 29.61, 29.52, 29.38, 29.33,1296.15, 22.67G*2Y), 14.01 C*.
EA: CssHseBrN-0.2H0 (Calc.) C: 73.13 %, H: 9.82 %, Br: 13.92 %, Nd2%, (Found) C:
72.91 %, H: 10.04 %, Br: 14.33 %, N: 2.30 %.

4.3.5.N-docosyl-4'-nitro-stilbazolium bromide 19

Synthesis of 4-(4-nitro-styryl)-pyridine:

In a three-necked flask equipped with a reflux esdr, thermometer and a magnetic stirring
bar were mixed 4-nitrobenzaldehyde (0.033 mol, 498}-picoline (0.039 mol, 3.68 g) and
acetic anhydride (6.6 ml). The solution was heateder argon atmosphere for 48 h at 70 °C.
After cooling to room temperature, the reaction toni@ was poured into cooled water and the
resulting precipitate was collected by filtratiofhe crude product was purified by column
chromatography with silica gel and CH@H;OH = 20/1 as eluent, followed by
recrystalization from methanol to give a reddiskwvger, 0.018 mol, yield 54.4 %.
— NO,
Ny / /
18
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Analytical data: GsH1oN2O» M, = 226.23

'H NMR (CDCB, J/Hz, 400 MHz)$ = 8.62 (d2J(H,H) = 5.60, 2 H, ArH), 8.23 (m, 2 H, Ar-
H), 7.67 (m, 2 H, AH), 7.43 (d,2J(H,H) = 6.22, 2 H, ArH), 7.34 (d,2J(H,H) = 16.39, 1 H,
CH), 7.16 (d2J(H,H) = 16.39, 1 H, &).

Synthesis oN-docosyl-4'-nitro-stilbazolium bromidES:

In a two-necked flask equipped with thermometeituxecondenser and magnetic stirring was
added 2.21 mmol (0.5 g) 4-(4-nitro-styryl)-pyridiard 11 mmol 1-bromodocosane (4.3 g) in
6 ml dimethylformamide. After heating for 72 h & 7C the reaction mixture was cooled to
room temperature and poured into ethyl acetate. pfhaeipitate was collected by filtration
and washed with ethyl acetate (50 ml). The produas purified by precipitation from

chloroform using ethyl acetate to give a yellow plew 1.7 mmol, yield: 76.9 %.

N-docosyl-4'-nitro-stilbazolium bromidi:

22 20 18 16 14 12 10 8 6 4 2
21 19 17 15 13 11 9 7 5 3

Analytical data: GsHssBrN2O, M, = 615.73

'H NMR (CDCk, J/Hz, 500 MHz, 50°C) = 9.16 (d>J(H,H) = 3.81, 2 H, AH*%), 8.33 (d,
3J(H,H) =3.81, 2 H, ArH"P), 8.16 (d2J(H,H) = 8.39, 2 H, AH™"), 7.98 (d2J(H,H) = 16.17,
1 H, CH9), 7.88 (d2J(H,H) = 8.39, 2 H, AH99), 7.53 (d2J(H,H) = 16.02, 1 H, &%), 4.65 (t,
3)(H,H) = 6.71, 2 H, El,Y, 1.99 (bs, 2 H, 8%, 1.35-1.19 (m, 38 H, B,>?}, 0.85 (t,
3J(H,H) = 6.9, 3 H, E15*9). 3C NMR (CDCE, 125 MHz, 50°Cp = 152.84 C°), 148.66 C'),
144.60 C*¥), 140.82 C), 139.37 €9, 129.22 €%9), 126.53 CY), 125.30 C"P), 124.20
(C™M), 61.46 CY), 31.88, 31.74, 29.66, 29.63, 29.61, 29.58, 22586, 29.29, 29.08, 26.17,
22.61 C*%), 13.98 €.

EA: CasHssBrN,O, (Calc.) C: 68.27 %, H: 9.00 %, Br: 12.98 %, N:5%, (Found) C: 68.13
%, H: 8.92 %, Br: 13.78 %, N: 4.58 %.

4.3.6.N-docosyl-4'-dimethylamino-stilbazolium bromide 20

A mixture of 4-dimethylamino-benzaldehyde (1.037 ohn0.154 g), 1-docosyl-4-methyl-
pyridinium bromide (1.037 mmol, 0.5 g), piperidi@15 ml) and dry ethanol (4 ml) was
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heated under reflux for 10 h. The product precipitay cooling to room temperature and after
filtration was purified by recrystalization fromhainol to give a red powder, 0.73 mmol, yield
70.4 %.

N-docosyl-4'-dimethylamino-stilbazolium bromiz

22 20 18 16 14 12 10 8 6 4 2
21 19 17 15 13 11 9 7 5 3

Analytical data: G7HeBrN2 My = 613.80

'H NMR (CDCh, J/Hz, 500 MHz)5 = 8.93 (d2J(H,H) = 6.84, 2 H, AH®?), 7.91 (d 3J(H,H)
= 6.43, 2 H, ArH"®), 7.63 (d2J(H,H) = 15.97, 1 H, €&°), 7.57 (dJ(H,H) = 8.92, 2 H, Ar-
H%9%), 6.91 (dJ(H,H) = 15.77, 1 H, @Y, 6.8 (bs, 2 H, AH""), 4.65 (t,J(H,H) = 7.3, 2 H,
CH,%), 3.06 (s, 6 H, N(B3),), 1.95-1.89 (m, 2 H, B,?), 1.35-1.19 (m, 38 H, 8,>%), 0.84 (t,
3J(H,H) = 6.8, 3 H, E13%). 3C NMR (CDC}, 125 MHz)$ = 153.97 C°), 152.07 C'), 143.27
(C*9), 142.98 C9), 133.52 C%9), 130.53 (E), 122.68 €, 116.46 CY), 112.00 C""),
60.32 CY), 40.18 (NCHa),, 31.93, 31.64, 29.72, 29.68, 29.66, 29.64, 2929642, 29.36,
29.13, 26.17, 22.70¢F %), 14.14 C*).

EA: CaHeiBrN,-0.2 HO (Calc.) C: 71.91 %, H: 9.94 %, Br: 12.96 %, Ns4% (Found) C:
71.95 %, H: 9.51 %, Br: 13.48 %, N: 4.50 %.

130



Experimental part

4.4. Synthesis oN-alkyl-4- and -3-phenyl-pyridinium salts

4.4.1. Synthesis oN-alkyl-4-phenyl-pyridinium salts 21a — |

General procedure

The appropriate alkyl halide (3.22 mmol), 4-phepytidine or 3-phenyl-pyridine (3.22 mmol)
and dry toluene (10 ml) were heated for 10 h at 20010 °C. After cooling to room
temperature, the crude product was purified by washith diethyl ether and recrystalization

from ethanol.

N-hexadecyl-4-phenyl-pyridinium bromidéa:

ab f9
@ \¢
CHz-(CHAE N/ e
oab fg

Br
Reagents: 4-Phenyl-pyridine (3.22 mmol, 0.5 g),
1-bromohexadecane (3.22 mmol, 0.98 g),
dry toluene (10 ml).

Pirification: Washing with diethyl ether (2 x 50 nand recrystalization for two times from

ethanol.
Yield: 41.92 % (1.35 mmol), colourless solid
Analytical data: G/H4,BrN M,y = 460.53

'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.39 (d2J(H,H) = 6.64, 2 H, AH*?), 8.22 (d*J(H,H)
=6.22, 2 H, ArH"®), 7.77 (m, 2 H, AH®®), 7.59-7.52 (m, 3 H, AH""9), 4.90 (t,3J(H, H) =
7.3, 2 H, ®,Y, 2.05-1.98 (m, 2 H, B,%), 1.38-1.19 (m, 26 H, 8,>™), 0.85 (t3J(H,H) = 6.8,

3 H, H5'%). 3C NMR (CDC}, 100 MHz)$ = 156.36 C°), 144.97 C*9), 133.55 C%), 132.40
(C9), 129.94 €', 127.82 €9, 124.97 C"P), 61.37 CY), 31.92, 31.86, 29.69, 29.65, 29.60,
29.51, 29.37, 29.35, 29.10, 26.17, 22.687%9), 14.09 C*9.

N-hexadecyl-4-phenyl-pyridinium iodi@&b:

b f9
' \¢
CH3-(CH)is Ny e
oab g
|

Reagents: 4-Phenyl-pyridine (3.22 mmol, 0.5 g),
1-iodohexadecane (3.22 mmol, 1.135 g),
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dry toluene (10 ml).
Purification: Washing with diethyl ether (50 ml)darecrystalization from ethanol.
Yield: 73.60 % (2.36 mmol, 1.2 g), yellow powder
Analytical data: G;H42IN My = 507.53
'H-NMR (CDCk, J/Hz, 400 MHz)8 = 9.34 (d2J(H,H) = 6.84, 2 H, AH*%), 8.24 (d2J(H,H)
= 6.84, 2 H, ArH"®), 7.78 (m, 2 H, AH®®), 7.57-7.53 (m, 3 H, AH""9), 4.85 (t,%J(H,H) =
7.47, 2 H, &1,Y, 2.06-2.01 (m, 2 H, B, 1.40-1.19 (m, 26 H, B,>"), 0.84 (t,2J(H,H) =
6.8, 3 H, G13'). ®C NMR (CDCE, 125 MHz)3 =156.41 C°), 144.78 C*%), 133.46 CY),
132.48 C9), 129.97 C'"), 127.88 €*9), 125.08 C"*), 61.35 C1), 31.87, 31.73, 29.65, 29.61,
29.56, 29.48, 29.33, 29.31, 29.04, 26.06, 22@4"), 14.07 C9).
MS (El, 70 eV)m/z 155, 225, 380 (NH). EA: Co7H42IN-0.8H;0 (Calc.) C: 62.08 %, H: 8.36
%, N: 2.68 %, (Found) C: 62.19 %, H: 8.79 %, N:2298.

N-octadecyl-4-phenyl-pyridinium bromi@ac

ab f9
@ \¢
CHa-(CHAZ N/ e
oab fg

Br

Reagents: 4-Phenyl-pyridine (3.22 mmol, 0.5 g),

1-bromooctadecane (3.22 mmol, 1.07 g),

dry toluene (10 ml).
Purification: Washing with diethyl ether (3 x 50)rahd recrystalization from ethanol.
Yield: 55.90 % (1.8 mmol), white powder
Analytical data: GoH4esBrN M, = 488.59
'H NMR (CDClk, J/Hz, 400 MHz)$ = 9.43 (d*J(H,H) = 6.22, 2 H, AH*%), 8.22(d,2J(H,H)
=6.02, 2 H, ArH"®), 7.76 (m, 2 H, Ar-B), 7.58-7.51 (m, 3 H, AH""9) 4.92 (t3J(H,H) =
7.26, 2 H, ®&,Y), 2.04-2.00 (m, 2 H, B>, 1.36-1.07 (m, 30 H, B,°*"), 0.84 (t,J(H,H) =
6.7, 3 H, G3). °C NMR (CDCE, 100 MHz)$ = 156.26 C°), 145.03 C*%), 133.56 CY),
132.33 C9), 129.89 C™"), 127.83 €*9), 125.00 C"P), 61.34 CY), 31.90, 31.85, 29.67, 29.63,
29.59, 29.50, 29.36, 29.32, 29.10, 26.16, 225 {), 14.06 C'9).
MS (El, 70 eV)m/z 155, 253, 408 (MBr). EA: CyH4sBrN-0.5H,0 (Calc.) C: 69.93 %, H:
9.44 %, Br: 16.07 %, N: 2.81 %, (Found) C: 69.77H469.62 %, Br: 15.95 %, N: 2.83 %.
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N-octadecyl-4-phenyl-pyridinium iodidd.d:

ab f g
' \¢
CH3-(CH)I7 Ny e
a b f g

B
Reagents: 4-Phenyl-pyridine (3.22 mmol, 0.5 g),
1-iodooctadecane (3.22 mmol, 1.22 g),

dry toluene (10 ml).
Purification: Washing with diethyl ether (2 x 50)mahd recrystalization for two times from

ethanol.
Yield: 71.4 % (2.3 mmol, 1.23 g), yellow powder
Analytical data: GoHzelN M, = 535.59

'H NMR (CDCk, J/Hz, 500 MHz)5 = 9.27 (d2J(H,H) = 6.71, 2 H, AH%%), 8.20 (d*J(H,H)
=6.71, 2 H, ArH"®), 7.75 (m, 2 H, AH®®), 7.55-7.49 (m, 3 H, AH""9), 4.82 (t,3J(H, H) =
7.40, 2 H, G,Y), 2.02-1.96 (m, 2 H, B,?), 1.36-1.16 (m, 30 H, B,>*"), 0.80 (t,2J(H,H) =
7.00, 3 H, ¢15'%). 13C NMR (CDCE, 125 MHz)s = 156.49 C°), 144.85 C*9), 133.46 CY),
132.50 C9), 129.99 C™"), 127.92 €9, 125.14 C"P), 61.49 CY), 31.88, 31.76, 29.66, 29.61,
29.56, 29.48, 29.33, 29.31, 29.05, 26.12, 22@4'(), 14.07 C9).

MS (EI, 70 eV)m/z 155, 253, 408 (KH). EA: CagHaeN-0.5H,0 (Calc.) C: 63.90 %, H: 8.63
%, N: 2.57 %, (Found) C: 64.14 %, H: 8.90 %, N:42%.

N-eicosyl-4-phenyl-pyridinium bromidd.e

ab fg
@/ \c
CHa-(CHT N/ e
a b f g
B

Reagents: 4-Phenyl-pyridine (3.22 mmol, 0.5 g),
1-bromoeicosane (3.22 mmol, 1.165 g),
dry toluene (10 ml).
Purification: Washing with diethyl ether (50 mhdarecrystalization from ethanol.
Yield: 61.80 % (1.99 mmol), white powder
Analytical data: G;HsoBrN M, = 516.64
'H NMR (CDCh, J/Hz, 400 MHz)5 = 9.44 (d2J(H,H) = 6.64, 2 H, AH*?), 8.23 (d 2J(H,H)
=6.64, 2 H, ArtH"®), 7.77 (m, 2 H, AH®%), 7.56-7.51 (m, 3 H, AH""9), 4.90 (t,%J(H,H) =
7.3, 2 H, ®,Y, 2.02-1.99 (m, 2 H, B9, 1.37-1.18 (m, 34 H, B,°"9), 0.84 (t,°J(H,H) =
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7.8, 3 H, ®®). *C NMR (CDC}, 100 MHz)$ = 156.24 C°), 145.02 C*%), 133.53 CY),
132.34 C9), 129.89 C'"), 127.79 €*9), 124.95 C"P), 61.25 CY), 31.9, 31.86, 29.68, 29.63,
29.59, 29.50, 29.36, 29.33, 29.09, 26.14, 226, 14.07 C%).

MS (El, 70 eV)m/z 155, 281, 436 (MBr). EA: CsiHsoBrN-H,O (Calc.) C: 69.64 %, H: 9.80
%, Br: 14.94 %, N: 2.62 %, (Found) C: 69.57 %, 9%, Br: 15.01 %, N: 2.62 %.

General procedure for preparation of the salifs— j by ion exchange method

Compound21hwas prepared using Dowex 1 x 8-400, ion exchaeg@ ((Acros), N-docosyl-
4-phenyl-pyridinium bromid@1g, Nal and methanol: 10 g of Dowex resin was suspeia
100 ml water for 2 h. After removing the water, tiesin was washed with Nal (or NacCl,
NaB(GHs)4, CHs-CgHs-SOs;H) solution for three times. The resin was keptamtact for 2
days with the third part of Nal solution and thdtefed. The ration o21gNal was 1/10. 100
mg of salt21g (0.18 mmol) was dissolved in 10 ml of methanol amgled with resin. After
keeping the resin in contact with the s2ltg for 2 days, the product was extracted with
methanol and washed with water to remove the exafeNsl. The solvent was evaporated by
distillation and pur@1h was obtained. Compoun@4f — j were investigated by ESI-MS and
no bromide ion was identified in spectrum, whicdigates that the exchange procedure was
complete.

1-docosyl-4-phenyl-pyridinium chlorid#if:

@ \c
CHz-(CHar Ny / e
oa' b o
Cl
Analitical data: GsHs4CIN M,y = 500.24
MS (ESI, 4.1 kV)m/z 464.6 (M).
1-docosyl-4-phenyl-pyridinium bromi@d.g
ab f 9
@ \¢
CHa-(CH2aT N /) e
a' b’ g
B

Reagents: 4-Phenyl-pyridine (3.22 mmol, 0.5g),
1-bromodocosane (3.22 mmol, 1.2549),
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dry toluene (10 ml).
Purification: Washing with diethyl ether (50 ml)damecrystalization for two times from

ethanol
Yield: 79.19 % (2.55 mmol), white powder
Analytical data: GzHs4NBr M, = 544.69

'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.41 (d2J(H,H) = 6.64, 2 H, AH%%), 8.22 (d*J(H,H)
=6.64, 2 H, ArtH"®), 7.77 (m, 2 H, A®%), 7.59-7.51 (m, 3 H, AH""9), 4.91 (t,%J(H,H) =
7.3, 2 H, ®15Y, 2.05-2.01 (m, 2 H, B,%, 1.37-1.19 (m, 38 H, 8,>%), 0.85 (t,°J(H,H) =
7.8, 3 H, G3). *C NMR (CDCE, 100 MHz)$ = 156.32 C°), 144.97 C*%), 133.53 CY),
132.40 C9), 129.93 C'"), 127.80 €*9), 124.95 C"*), 61.33 1), 31.92, 31.88, 29.71, 29.65,
29.61, 29.52, 29.37, 29.35, 29.11, 29.16, 22@B&Y), 14.01 C*.

MS (El, 70 eV):m/z 155, 309, 464 (N#Br). EA: CsHsNBr-H,O (Calc.) C: 70.44 %, H:
10.03 %, Br: 14.20 %, N: 2.49 %, (Found) C: 70.14469.96 %, Br: 14.39 %, N: 2.23 %.

1-docosyl-4-phenyl-pyridinium iodid&L h:

ab f 9
O \¢
CHa-(CH)zT N /) e
oab f g
|
Analitical data: GsHs4IN My, = 591.69

MS (ESI, 4.1 kV)m/z 127,3 (I"), 464.6 (1)

1-docosyl-4-phenyl-pyridinium tetraphenylbor&ts:

ab f9
@ \¢
CHg-(CH)zr Ny -/ e
a' b f o
BPhg9
Analitical data: G;H74sBN My, = 784.02

MS (ESI, 4.1 kV)m/z 319.5 (BPG ), 464.5 (M).

1-docosyl-4-phenyl-pyridinium p-toluenesulfon2ig:

ab f g
©/\¢
CHa-(CHaT Ny e
ab f g

CH3-C6H5-SO;§9
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Analitical data: GoHgiNO3S M, = 635.98
MS (ESI, 4.1 kV)m/z 171.3 (CH-CgH5-SO; ), 464.6 (NI).

4.4.2. Synthesis oN-alkyl-3-phenyl-pyridinium salts 22a — f

N-dexadecyl-3-phenyl-pyridinium bromid2a

Reagents: 3-Phenyl-pyridine (3.22 mmol, 0.5 g),

1-bromoeicosane (3.22 mmol, 0.98 g),

dry toluene (10 ml).
Purification: Washing with diethyl ether (2 x 50)rahd recrystalization from ethanol.
Yield: 34.16 % (1.10 mmol), colourless solid
Analytical data: G/H4,BrN M,y = 460.53
'H NMR (CDCk, J/Hz, 400 MHz)5 = 9.56 (s, 1 H, AH?), 9.35 (bs, 1 H, AH?), 8.55 (d,
3J(H,H) = 7.68, 1 H, AH"), 8.12 (m, 1 H, AH"), 7.85 (d,2J(H, H) = 6.85, 2 H, AH®"),
7.51-7.44 (m, 3 H, AH®*"9), 5.11 (t,)(H, H) = 6.64, 2 H, €l,%), 2.08-1.99 (m, 2 H, B,?),
1.33-1.15 (m, 26 H, B>, 0.84 (t,3J(H,H) = 6.8, 3 H, E5'%.°C NMR (CDC}E, 100 MHz)
§ = 143.00 C?), 142.64 C°), 142.24 C?), 141.28 C"), 132.62 C°), 130.59 C"), 129.82
(C*9), 128.32 C"), 127.68 €1, 62.43 CY), 32.28, 32.02, 29.78, 29.76, 29.74, 29.70, 29.62,
29.45, 29.23, 26.25, 22.761™), 14.21 C*9).

N-hexadecyl-3-phenyl-pyridinium iodi@eb:

Reagents: 3-Phenyl-pyridine (3.22 mmol, 0.5 g),
1-bromoeicosane (3.22 mmol, 1.135 g),
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dry toluene (10 ml).
Purification: Washing with diethyl ether (2x50 nal)d recrystalization from ethanol.
Yield: 50.62 % (1.63 mmol), yellow solid
Analytical data: G;H42IN My = 507.53
'H NMR (CDCLk, J/Hz, 400 MHz)8 = 9.48 (s, 1 H, AH®), 9.23 (d.2J(H,H) = 6.02, 1 H, Ar-
H#), 8.60 (d,2J(H,H) = 8.3, 1 H, ArH"), 8.17-8.14 (m, 1 H, AH), 7.86-7.83 (m, 2 H, Ar-
HYM, 7.65-7.41 (m, 3 H, AH®"9), 5.02 (t,%)(H, H) = 7.47, 2 H, E,%), 2.02-1.95 (m, 2 H,
CH,?), 1.37-1.15 (m, 26 H, 8,>"), 0.81 (t,°J(H,H) = 6.8, 3 H, E15"°).*C NMR (CDCE,
100 MHz)$ = 142.60 C?), 142.51 C°), 142.02 C?), 141.05 C"), 132.34 C®), 130.46 C),
129.61 C*9), 128.49 C°), 127.64 C*"), 62.19 CY), 31.89, 31.76, 29.53, 29.49, 29.46, 29.39,
29.22,29.19, 28.97, 25.89, 22.87(9), 13.94 C9.

N-octadecyl-3-phenyl-pyridinium bromi@2c

Reagents: 3-Phenyl-pyridine (1.5 mmol, 0.233 ),

1-bromooctadecane (1.5 mmol, 0.5 g),

dry toluene (5 ml).
Purification: Washing with diethyl ether (30 ml)carecrystalization from ethanol
Yield: 40.93 % (0.614 mmol), colourless solid
Analytical data: GoH4eBrN M, = 488.59
'H NMR (CDCLk, J/Hz, 400 MHz)s = 9.60 (s, 1 H, AH®), 9.36 (d.2J(H,H) = 6.02, 1 H, Ar-
H®), 8.56 (d,J(H,H) = 8.30, 1 H, AH"), 8.15-8.11 (m, 1 H, AH), 7.84 (dd2J(H, H) =
8.3,%3,(H, H) = 7.68, 2 H, AH®"), 7.58-7.43 (m, 3 H, AH®"9), 5.10 (t,J(H, H) = 7.3, 2 H,
CH,Y), 2.12-1.97 (m, 2 H, B,%, 1.37-1.06 (m, 30 H, 8,>*"), 0.83 (t,J(H,H) = 6.8, 3 H,
CH3'). %C NMR (CDCE, 100 MHz)5 = 142.98 C?%), 142.60 C°), 142.20 C?), 141.18 C"),
132.60 C®), 130.51 C"), 129.75 €9, 128.31 C"), 127.62 C*"), 62.23 CY), 32.83, 32.13,
31.87, 29.65, 29.61, 29.56, 29.48, 29.31, 29.3MKP8.73, 26.08, 22.681 "), 14.04 C*9).
EA: CogHaeBrN (Calc.) C: 71.29 %, H: 9.49 %, Br: 16.35 %, N87 %, (Found) C: 70.85 %,
H: 9.61 %, Br: 17.53 %, N: 2.51 %.
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N-octadecyl-3-phenyl-pyridinium iodi@2d:

Reagents: 3-Phenyl-pyridine (0.53 mmol, 0.081 g),

1-iodooctadecane (0.53 mmol, 0.2 g),

dry toluene (2 ml).
Purification: Washing with diethyl ether (20 ml)darecrystalization from ethanol.
Yield: 53.23 % (0.28 mmol), yellow powder
Analytical data: GoHaelN My, = 535.59
'H NMR (CDCLk, J/Hz, 500 MHz)8 = 9.37 (s, 1 H, A9, 9.21 (d.2J(H,H) = 5.00, 1 H, Ar-
H®), 8.52 (d2J(H,H) = 7.69, 1 H, AH"), 8.08 (m, 1 H, AH"), 7.77 (d,2J:(H, H) = 6.95, 2
H, Ar-H%"), 7.53-7.40 (m, 3 H, AH®"9), 4.99 (t,J(H, H) = 6.8, 2 H, €,%), 2.02-1.99 (m, 2
H, CH,?), 1.38-1.16 (m, 30 H, B,>*%, 0.81 (t,°J(H,H) = 7.0, 3 H, &5'®).°C NMR (CDC},
125 MHz)$ = 142.96 C?), 142.53 C°), 142.49 C?), 141.85 C"), 132.57 C°), 130.77 C),
129.96 C*9, 128.53 C"), 127.71 ¢*"), 62.82 C1), 32.09, 31.88, 29.66, 29.62, 29.60, 29.56,
29.47,29.32, 29.05, 26.19, 22.65 ("), 14.07 C*).
EA: CooHaelN-0.5H,0 (Calc.) C: 63.90 %, H: 8.63 %, N: 2.57 %, (Foufd)63.95 %, H:
8.70 %, N: 2.38 %.

N-eicosyl-3-phenyl-pyridinium bromid®e

Reagents: 3-Phenyl-pyridine (3.22 mmol, 0.5 g),

1-bromoeicosane (3.22 mmol, 1.165 g),

dry toluene (10 ml).
Purification: Washing with diethyl ether (50 ml)darecrystalization from ethanol.
Yield: 42.23 % (1.36 mmol), colourless solid
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Analytical data: G;HsoBrN My = 516.64

'H NMR (CDCLk, J/Hz, 400 MHz)8 = 9.54 (s, 1 H, AH®), 9.34 (d2J(H,H) = 6.02, 1 H, Ar-
H®), 8.55 (d,2J(H,H) = 8.09, 1 H, AH°), 8.14-8.11 (m, 1 H, AH) 7.84 (d,*J(H,H) = 6.84,

2 H, Ar-H%"), 7.53-7.44 (m, 3 H, AH®*"9), 5.09 (t,% = 7.3, 2 H, E&1,"), 2.03-1.97 (m, 2 H,
CH,%, 1.36-1.17 (m, 34 H, B,>"9), 0.84 (t,3J(H,H) = 6.7, 3 H, E15°).**C NMR (CDC},
100 MHz)$ = 143.06 C?), 142.62 C°), 142.31 C?), 141.20 C"), 132.65 C®), 130.56 C),
129.80 C*9, 128.45 C"), 127.69 C*"), 62.30 CY), 32.89, 32.19, 31.94, 29.73, 29.68, 29.63,
29.56, 29.46, 29.39, 29.37, 29.16, 28.79, 28.2243282.71 C*™9), 14.12 C%).

MS (El, 70 eV):m/z 155, 281, 436 (MBr). EA: CsHsoBrN-0.5H,0 (Calc.) C: 70.77 %, H:
9.70 %, N: 2.66 %, (Found) C: 70.78 %, H: 10.12\%2.02 %.

N-docosyl-3-phenyl-pyridinium bromi@2f:

Reagents: 3-Phenyl-pyridine (1.22 mmol, 0.19 g),

1-bromodocosane (1.28 mmol, 0.5 g),

dry toluene (4 ml).
Purification: Washing with diethyl ether (20 ml)darecrystalization from ethanol.
Yield: 57.42 % (0.73 mmol), white powder
Analytical data: GzHs4,BrN M, = 544.69
'H NMR (CDCk, J/Hz, 400 MHz)$ = 9.52 (s, 1 H, AH?), 9.35 (d,*J(H,H) = 6.02, 1 H, Ar-
H®), 8.55 (d,2J(H, H) = 8.09, 1 H, AH°), 8.12-8.09 (m, 1 H, AH), 7.84 (dd2J(H, H)
=8.3,3J,(H, H) = 7.88, 2 H, AH®"), 7.55-7.49 (m, 3 H, AH""9), 5.12 (t,%)(H, H) = 7.3, 2
H, CH,"Y), 1.99 (m, 2 H, €59, 1.38-1-19 (m, 38 H, B>}, 0.85 (t,°J(H, H) = 6.8, 3 H,
CH4??).C NMR (CDCE, 100 MHz)5 = 142.95 C?), 142.63 C°), 142.23 C?), 141.45 CY),
132.61 C°), 130.65 C"), 129.87 €9, 128.22 C"), 127.65 €1, 62.46 CY), 32.16, 31.93,
29.71, 29.66, 29.60, 29.52, 29.36, 29.11, 26.1H52€>%Y, 14.11 C).
MS (El, 70 eV):m/z 155, 309, 464 (MBr). EA: CssHs4BrN-0.3H,0 (Calc.) C: 71.99 %, H:
9.93 %, N: 2.54 %, (Found) C: 71.91 %, H: 10.03\%2.36 %.
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Appendix

6. Appendix

X-ray crystal structure determination

Crystal data and structure refinement1éa

Empirical formula
Formula weigth
Temperature T (K)
Wavelength (A)
Crystal system
Space group

Unit cell dimensions

Volume V (&)

Z

Calculated density (Mg/m®)
Absorption coefficient (mm)
F (000)

0 range (°)

Limiting indices
Reflections collected
Reflections independent
Completeness to = 25.98
Absorption correction

Max. and min. transmission
Data/restrains/parameters
Goodness-of-fit on ¥

R1, WR; [I > 26(1)]

R1, WR; (all data)

G4H10NO4
265.3
220 (2)
0.71073
monoclinic
P2;/a
a=11.780 (2) a =90°
b =7.2399 (12) B =109.43(2)°
c=17.178 (4) vy =90°
1381.5 (4)
4
1.276
0.093
568
3.08 — 25.98
-14<=h<=13,-8<=k<=81%&=1<=21
9557
2651k 0.0879
98.1 %
Numerical
0.9948 and 0.9496
2651/0/248
1.039
0.0415, 0.1085
0.0510, 0.1144

Largest diff. peak and hole (e)/A 0.197 and -0.164
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Additional informations

Operator
Identification code:
Recrystallization:
Crystal size (mm)
Red neddles

C.W.

IPDS 2703
water/ethanol
0.75x0.57 x 0.45
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Influence of the counter ions on the UV/Vis absorpbn spectra of N-

alkyl-4-phenyl-pyridinium salts 21

@ p—
wemziy ) )

©

cl 21f
1,5- 1,5-
Lx10° = 294 nm
-5
7x 10_5 fit linear at 294 nm
104 5x 10
g - ——4x10° —
S 3x10° c
2 2x10° S
E ‘ ——1x10° 2
0,51 \ X 2 0,54
0,0 T T T | 0,0 T T T T T % 10°
a) 250 300 350 400 b) © 2 4 6 8 10 12
wavelength (nm) concentration (mol/l)
Figure Al. a) Concentration dependence bFdocosyl-4-phenyl-pyridinium chloride21f in
acetonitrile, | = 1 cm, | — path length of the daasell b) Lambert-Beer plot A = f(conc.) at= 294
nm, R = 0.998.
@ p—
H-(CH2)27N\ /
BPhP 21i
3- 37
1x10° = 293nm
N —— 7x10° fit linear at 293 nm
——5x10°
g 27 / \ 4x10° ©
g | 3x10° e
Qo \ ©
5 | / -~ 2x10° 2
2 \ / N 5 s}
I \ / - \ ——1x10 2
N »77,/ S/
\ //
NS ~ o
0 — .,/ _ T i T 1 0 T T T T T T T T T T 1 10'5
250 300 350 400 0 2 4 6 8 10 *
a) wavelength (nm) b) concentration (mol/l)

Figure A2. a) Concentration dependenceNstiocosyl-4-phenyl-pyridinium tetraphenylbor&tgi in

acetonitrile, | = 1 cm, | — path length of the daarell b) Lambert-Beer plot A = f(conc.) at= 293

nm, R = 0.999.
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@ p—
wematy ) )

@ .
CHs-CeHg-SO5 21U

2,0- 2.0-
-4

1x10 = 293nm

7x10 1,5 fit linear at 293 nm
@ 5x10°
2 4x10° ®
8 5 2
S —3x10 3 1,0
% 2x10° s

1x10° 2

0,5
0,0 . N ) 0,0 . . . : . -5
300 350 400 0 2 4 6 8 10 x10
a) wavelength (nm) b) concentration (mol/l)

Figure A3. a) Concentration dependenceNstlocosyl-4-phenyl-pyridinium toluene sulphonatg in
acetonitrile, | = 1 cm, | — path length of the daasell b) Lambert-Beer plot A = f(conc.) at= 293
nm, R = 0.999.

Concentration dependence measurements di-alkyl-4'-substituted-

stilbazolium salts

a) Concentration dependence in acetonitrile

o=\ OH
H-(CHo)22 Ny

15n

1,54

® 386 nm
linear fit at 386 nm

absorbance
absorbance

OF—7 ; : = ) 0,0 ; . . , x10°
200 300 400 500 600 700 0 2 4 6 8

concentration (mol/l)

a) wavelength (nm)

Figure A4. a) Concentration dependence measurementsN-dbcosyl-4'-hydroxy-stilbazolium
bromidel5nin acetonitrile, | = 1 cm, b) Lambert-Beer plot=A (conc.) af. = 386 nm, R = 0.999.
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@/
- >N
H-(CH) 27N/
©
Br 17f
4+ —1x10" 4-
o -5
7x10° » 347nm
—5x10 e 240nm
31 ——4x10° 3 linear fit at 347 nm
9 3x10° —— linear fit at 240 nm
3 ——2x10° 8
5 21 ——1x10° 827
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[
14 1- .
. e -
0 T T T N 1 0 a9 T T T T T )(:I_O'5
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a) wavelength (nm) b) concentration (mol/l)

Figure A5. a) Concentration dependence measurements-difcosyl-stilbazolium bromidd7f in
acetonitrile, | = 1 cm, b) Lambert-Beer plot A £cbnc.), R = 0.999 (af. = 347 nm), R= 0.999 (ak
= 347 nm).

@@=\ / NO,
- >N
H-(CH2) 27N/
Br® 19
3,0
= 344 nm
2,44 linear fit at 344 nm
S 9 1,8+
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R 2 1,2
©
0,6
=T T T T 1 0,0 T T T 1 )(:I_O'5
250 300 350 400 450 0 2 4 6 8
a) wavelength (nm) b) concentration (mol/l)

Figure A6. a) Concentration dependence measuremerNsdoicosyl-4'-nitro-stilbazolium bromidE9
in acetonitrile, | =1 cm, b) Lambert-Beer plot A &conc.) at. = 344 nm, R = 0.999.
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CH3
X / N\CH
H-(CH)22 N/ 3
Br 20
2,54 2,54
= 473 nm
e 270 nm
2,04 2,04 linear fit at 473 nm
— linear fit at 270 nm
Q
£ g
? | 5
g 1 2
@
054 o
0,01 : : ; ; . 10°
300 400 500 600 700 é
a) wavelength (nm) b) concentration (mol/l)

Figure A7. a) Concentration dependence measuremenisdufcosyl-4'-dimethylamino-stilbazolium
bromide20 in acetonitrile, | = 1 cm, b) Lambert-Beer plot=Af (conc.), R = 0.999 (ak = 473 nm),
R, =0.999 (ak = 270 nm).

b) Concentration dependence in chloroform

/= / OH
H-(CH)22 Ny /
C)
Br 15n
2,54 = 397 nm
251 e 580 nm
A ——1x10"* A 618nm
2,01 /’ \\ — 7410° 204 — :?near Ilt at 397 nm
[ AN 5 —— linear fit at 580 nm
8 15 ’1 A N\ 5x 1075 o — linear fitat 618 nm ®
dasl ) [ s
2 I Al ——3x10° g -
7 I\ A s 5
o 1,01 I/ ‘\‘ \ /o \‘ 2x10 210
@ | \ . a1
| —1x10 e
054\ 0,54
0,0 \7; T T T T 1 0,04= i T T T T T 0°
300 400 500 600 700 800 0 2 4 6 8 10 X 1
a) wavelength (nm) b) concentration (mol/l)

Figure A8. a) Concentration dependence measurementsN-dbcosyl-4'-hydroxy-stilbazolium
bromidel5nin chloroform, I = 1 cm, b) Lambert-Beer plot Af fconc.), R = 0.998 (af. = 397 nm),
R, = 0.999 (at 580 nm), R 0.997 (ak. = 618 nm).
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Figure A9. a) Concentration dependence measurements-dicosyl-stilbazolium bromidd7f in
chloroform, I = 1 cm, b) Lambert-Beer plot A = bfrc.) ath = 358 nm, R = 0.999.
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Figure A10. a) Concentration dependence measurementsdafcosyl-4'-nitro-stilbazolium bromide
19in chloroform, | = 1 cm, b) Lambert-Beer plot Af fconc.) ath = 349 nm, R = 0.999.
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CH3z
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linear fit at 498 nm
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Figure Al1. a) Concentration dependence measuremeritisdafcosyl-4'-dimethylamino-stilbazolium
bromide20 in chloroform, | = 1 cm, b) Lambert-Beer plot Affconc.), R = 0.999 (ai. = 498 nm)
and R =0.994 (ai. = 271 nm).
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Figure A12. a) Concentration dependence in mibldf 1-(1-octyl-nonyl)-4'-oxy-stilbazolium dy&3g
in DMF, T =22 °C, | =1 cm, | — path length of theartz cell b) Lambert-Beer plot A = f (conc.)hat
= 587 nm in the concentration range between 5%m6l I* and 5 x 16 mol I'', R = 0.994.
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Figure A13. a) Concentration dependence in mibldf 1-(1-octyl-nonyl)-4'-oxy-stilbazolium dy&3g
in acetonitrile, T = 22 °C, | =1 cm, | — path léingf the quartz cell b) Lambert-Beer plot A = d(c.)
atA =577 nm, R = 0.989.
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