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Abstract

Carbohydrates are an attractive class of starting materials for organic syntheses since they are
highly functionalized and environmentally sound, in this way promoting a sustainable
chemistry. A somewhat exotic, but nevertheless readily available family of carbohydrates
allowing a fascinating chemistry are inositols (cyclohexane-1,2,3,4,5,6-hexols). myo-Inositol
which is the stereoisomer with one axial hydroxyl group, is commercially available at
reasonable prices. Inositols have been used previously as hydrophilic head group in
amphiphilic liquid crystals, and recently our group involvego-inositol in syntheses of
surface adve agents(surfactants). It seems that one unitnafo-inositol is not enough to
assure a good aqueous solubility for these compounds. To improve the inositol-based
amphiphiles in this respect we extended the inositol head group by a triethylene oxide
substructure leading to a new class of inositol surfactants.

This thesis describes the synthetic routes to novel inositol amphiphiles as well as their
characterization concerning liquid crystalline, solution and surface properties. The
supramolecular properties of the new amphiphiles will be related to those of surfactants with
comparable structures.

The second topic presented in this work refers to syntheses of new phosphine oxide metal
complexes. Phosphine oxide groups can bind various metal cations such as alkaline, alkaline
earth, transition and lanthanide metal ions through ion dipolar interactions. This property
allows phosphine oxide-based derivatives to be used in various fields of large economical
impact. In addition to the synthesis, the liquid crystalline properties of these complexes are
investigated and presented.

K ur zzusammenfassung

Aufgrund ihrer hohen Funktionalisierung und ihrer guten Umweltvertraglichkeit sind Kohlen-
hydrate ein attraktiver Ausgangsstoff fir die organische Synthese und férdern zudem eine
nachhaltige Chemie. Eine etwas exotische, aber dennoch leicht zugangliche Familie der
Kohlenhydrate, die eine faszinierende Chemie ermdglicht, sind die Inosite (Cyclohexan-
1,2,3,4,5,6-hexole)nyo-Inosit, also das Stereoisomer mit einer axialen Hydroxylfunktion, ist

zu angemessenen Preisen kommerziell erhéltlich. Im Vorfeld wurden Inosite bereits als
hydrophile Kopfgruppe von amphiphilen Flissigkristallen eingesetzt und kirzlich wurden in
unserer Arbeitsgruppe oberflachenaktive Verbindungegl { surfactants) auf der Basis von
myo-Inosit synthetisiert. Jedoch scheint emgo-Inosit-Einheit nicht auszureichen, um eine
gute Wasserl6slichkeit des oberflachenaktiven Moleklls gewahrleisten zu kénnen. Um die
Ldslichkeit der Inosit-basierten Amphiphile zu verbessern, wurde die Inosit-Kopfgruppe um
eine Triethylenoxid-Substruktur erweitert und eine neue Klasse der Inosit-Surfactants
geschaffen.

Die vorliegende Dissertation beschreibt sowohl den synthetischen Zugang zu neuen Inosit-
Amphiphilen, als auch deren Charakterisierung in Bezug auf ihre Flussigkristallinitdt und
ihrer 16sungs- und oberflachenaktiven Eigenschaften. Ihre supramolekularen Eigenschaften
werden in Relation zu Amphiphilen mit vergleichbaren Strukturen gesetzt.

Das zweite Themengebiet dieser Arbeit widmet sich der Synthese von neuen Phosphinoxid-
Metall-Komplexen. Phosphinoxid-Funktionen kénnen durch ionische Dipolwechselwirkun-
gen an zahlreiche Metall-Kationen binden, darunter Alkali- und Erdalkali-, sowie Ubergangs-
metall- und auch Lanthanoid-Kationen. Diese Eigenschaft ermdglicht den Einsatz von
Phosphinoxid-basierten Verbindungen in diversen Bereichen von hoher 6konomischer
Bedeutung. Zusatzlich zu der Synthese werden die flussigkristallinen Eigenschaften dieser
Komplexe untersucht und vorgestellt.



TABLE OF CONTENTS

1. INTRODUCTION
2. STATE OF KNOWLEDGE
2.1. Surfactants
2.1.1. Genera structural features and behaviour of surfactants
2.1.2. Nonionic surfactants
2.1.3. Critical micelle concentration. Surface tension. Surface tension
2.1.4. The Krafft boundary
2.1.5. Analytica methods used in surfactants characterization
2.1.5.1. Methods for surface and interfacial measurements
2.1.5.2. Diffusion ordered spectroscopy (DOSY)
2.2. Liquid crystals
2.2.1. Thermotropic liquid crystals
2.2.2. Lyotropic liquid crystals
2.2.3. Analytica methods to characterize liquid crystals
3. RESULTSAND DISCUSSION |
3.1. Syntheses
3.1.1. Protective group strategies with respect to myo-inositol
3.1.2. Synthetic strategies towards myo-inositol derivatives
3.2. Physical properties
3.2.1. Thermotropic mesomorphism
3.2.2. Lyotropic mesomorphism
3.2.3. Solution properties and surface activity
3.2.3.1. Solubility in agueous solution
3.2.3.2. Surface tension

3.2.3.3. Adsorption on silica surface studied by Total Internal Reflection

Raman spectroscopy (TIR Raman)
3.2.3.4. Self-diffuson NMR (DOSY)
4. RESULTSAND DISCUSSION I1
4.1. Phosphine oxides metal complexes
4.1.1. Syntheses
4.1.2. Physical properties
4.1.2.1. Thermotropic mesomorphism

74
78
84
84
85
89
89



4.1.2.2. Lyotropic mesomorphism
5. SUMMARY AND OUTLOOK |
6. SUMMARY AND OUTLOOK II
7. EXPERIMENTAL PART
7.1. Generd
7.2. Studies towards the synthesis of akyl-oligoethoxylated myo-inositol derivatives
7.3. Studies towards the synthesis of phosphine oxide metal complexes
7.4. Surface tension measurements
7.5. DOSY measurements
8. APPENDI X
8.1. Overview over al newly synthesized compounds
8.2. Abbreviations
9. REFERENCES

89

91

105
107
107
111
141
149
151
157
157
160
161



1. INTRODUCTION 1

1. INTRODUCTION

The present work is part of a complex project which was funiogdthe European
Community’s Marie Curie Research Training Network “Self-Organisation under
Confinement” (SOCON). The SOCON network ran for four years (2005-2008) and it counted
thirteen research groups from nine European countries: Ireland (Dublin), Sweden (Stockholm,
Lund, Stenungsund), Bulgaria (Sofia), Germany (Cologne, Berlin), Lithuania (Vilnius),
Hungary (Budapest), United Kingdom (Oxford, Durham), Denmark (Aarhus), and France
(Paris). The focus of the network was on aqueous films, which are either confined between
two solid surfaces or by air (foam film) or oil (emulsion film), respectively. Its emphasis was
put on complex self-organising systems of environmentally friendly components, such as
sugar-based surfactants and polymeric carbohydrate derivatives, but also on the use of
traditional surfactants and polymers. The interest in the former class of surfactants and
polymers is motivated by the fact that they can be made from renewable materials and that
they have favourable properties with respect to applications in various fields. To advance the
increased use of more environmentally friendly components, synergistic and antagonistic
effects in multicomponent systems have to be understood. In fact, this is one essential element
of the joint network research. The wide range of systems which were examined has had in
common self-assembly and strong surface activity. The main objective of our research team
was to design and synthesize new environmentally friendly compounds from natural building
blocks which were further characterized within the netwW®rk.

One of the models of the multicomponent systems studied in our network dealt with mixtures
of the two non-ionic surfactant$-dodecylf-D-maltoside f-C,2G;) and n-dodecyl-
hexaethylene oxide (gEs) (Fig. 1.1).

OH
(6]
HO\V\ )/012H25

OH (0]

(0] 0 6

HO O\

C12H2s
OH

n-dodecyl-f-maltoside (B-C1,G5) n-dodecyl-hexaethylene oxide (C;,E)

Fig. 1.1. Molecular structures of the surfactants n-dodgepHmnaltoside §-C;,G,) and
n-dodecyl-hexaethylene oxide 4Es)
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The reason for studying mixtures of ethylene oxideEjCand sugar (5m) — based
surfactants is that they behave quite differently despite of both being non-ionic. To illustrate
how differently they behave five examples will be given.

The first example is the adsorptionmetiodecyl-hexaethylene oxide {4£s) andn-dodecyl$-
D-maltoside -C12.G,), respectively, on hydrophilic silica. At first sight, one would not expect

a big difference as both surfactants are unchaigedthat the interactions between the silica
surface and the non-ionic surfactants cannot differ very much. In fact, quite the opposite was
observed. While GEs adsorbs strongly on silicg-C,,G, does not adsorb at all. This is
surprising and still not understo&d’

A second prominent difference lays in the temperature-sensitivity of the phase properties:
while the phase properties of aqueous solutions of sugar surfactants are not very temperature-
sensitive, those of the corresponding ethylene oxide solutions are. The temperature—
insensitivity of sugar surfactants in aqueous solution results from the strength of the hydrogen
bonds between the hydroxyl groups of the sugar unit and water, which prevents any
significant dehydration of the head group in the experimentally relevant temperature range. In
contrast to the strong hydrogen bonds between water and sugar units, the hydration water of
the corresponding ethylene oxide units is attached only via weak dipole—dipole interactions,
which leads to an easy dehydration of the head dfbup.

Thirdly, it is not only the strength of hydration but also the hydration number that is
completely different. It was found that under similar conditions and for similar head group
sizes (as a rule of thumb, a glucose unit is comparable to three to four ethylene oxide units)
the hydration of ethylene oxide-based surfactants is one order of magnitude higher than that
of sugar-based surfactarts.

Fourthly, the flexibility of the head groups is different. While a maltoside unit behaves like a
hard rod, the ethylene oxide units behave more like short polymer chains, which, in turn,
means that they are much more flexiBle.

Last but not least, the surface charge dengitf pam films stabilized by sugar surfactants is

pH insensitive down to the so-called isoelectric point, while that of ethylene oxide-based
surfactants changes linearly with the pH. It is argued that this difference is a consequence of
the fact that an ethylene oxide unit is able to “react” to pH-changes by changing either its
hydration degree (easy uptake and release of water) or its conformation (high flexfbility).

As both processes are very unlikely in the case sfigar unit, the uptake of HOons is

given by the total surfactant concentration rather than by the pH, which results in the observed

pH insensitivity.
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The mentioned differences automatically lead to the question of how mixtureg;aind

CnGnm surfactants would behave. The answer to this question does not concern only the
physical mixtures of the named surfact&htbut also a “chemical” one, which would be
possible by synthesis of a new class of surfactants which contains in the head groups a sugar
unit (“half” of the maltoside) together with three units of ethylene oxide (“half” of the
hexaethylene oxide) and the dodecyl chain as hydrophobic tail.

The aim of the present work is the synthesis and characterization of this new class of
surfactants using as sugar a relatively unknown class of carbohydrates named inositols.
Inositols (cyclohexane-1,2,3,4,5,6-hexols) belong to the group of carbohydrates since they
have the same molecular formulasHz;Os as conventional hexoses but a different
constitution. In a way they present the homocyclic carbon analogue of pyranoses like e.g.
glucopyranose, which is why they are sometimes called “C-sugars”. The nine possible
stereoisomers of inositol are renewable primary natural products which differ only in their

relative stereochemical configuration (Fig. 1.2).

OH

OH OH
HO HO OH
HO OH HO OH
HO HO
1
myo-Inositol scyllo-Inositol
OH OH OH
OH OH OH OH
HO HO HO
HO HO OH OH
HO OH
OH OH
chiro-Inositol epi-Inositol neo-Inositol
OH OH OH OH
on OH Ol on PH
HO HO
HO HO OH
HO
OH OH OH
muco-Inositol allo-Inositol cis-Inositol

Fig. 1.2. The molecular structures of the inositol stereoisongbiso-Inositol occurs as both
enantiomers, but here only one of them is represented.
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Inositol-based surfactants are expected to have properties which are very similar to those of
sugar-based ones. The polyol structure of inositol makes it as suitable as conventional sugars
to be used as a hydrophilic head group. Compared to the latter, inositol derivatives possess a
higher thermal stability, cannot undergo mutarotation or ring opening reaction, not even at
low pH-values, because an anomeric center is lacking. Due to their natural occurrence and
similarity to conventional sugars, should be as biodegradable as other carbohydrates

The past decade witnessed a renaissance in the chemistry and biochemistry of inositols,
mainly due to the realization of the role played by phosphorylaedinositol (1, Fig. 1.2)
derivatives in important biological phenomena such as cellular signal transduction, calcium
mobilization, insulin stimulation, exocytosis, cytoskeletal regulation, intracellular trafficking

of vesicles, and anchoring of certain proteins to cell membrane.

myo-Inositol (1), the major nutritionally active form of inositol, is a cheap and easily
accessible compound as it is industrially extracted from wheat pods. It could be found as well
in beans, nuts and fruits. It is vital to many biological processes of the body, participating in a
diverse range of activities. It is essential for the growth of rodents, but not for most animals,
including humans. Humans can produmyg-inositol endogenously, from glucose, and, even
thoughmyo-inositol is sometimes referred to as a vitamin, it is not a vitamin for humans or
most animals.

myo-Inositol belongs to the class of cyclitols caring five equatorial and one axial hydroxyl
groups. The carbon atom which bears the axial hydroxyl function is always indicated as C
while the other carbon atoms of the inositol ring are counted froto Cs (Fig. 1.3).myo-

Inositol does not present optical activity being@so compound since it presents a plane of
symmetry through the atoms &d G of the inositol ring.

OH OH

HO OH

HOWY “IoH
OH

Fig. 1.3. The molecular structure of myo-inositol

In the last decade, inositols have been used as hydrophilic head group in amphiphilic
molecules. To improve the knowledge on the properties of such inositol-based amphiphiles a
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number of new regiochemically definealyo-inositol ethers and esters (Fig. 1.4) were
previously synthesized and investigated by means of their liquid crystalline mesomorphism as
well as their surface activity in aqueous soluffoft!

OH

HO H
HO Q
HOw o HO
\CnH2n+1 HO 0) Ch-1Han1
” T
HO
rac-2 a:n=9 rac-3 ain=9 ©
b: n=11 b: n=11
c:n=12 c:n=12
Ho OH
HO
HOHO (0] C.F HO
\/\/ pF 2p+1 HO O\é/\ N\
HO (@) CeF
HG A 6F13
rac-4 a: p=6 rac-5
b: p=8

Fig. 1.4. Examples of myo-inositol derivatives previously synthesized

The main problem of the above mentioned derivatives regarding the surface activity was their
low solubility in aqueous media. In order to improve the inositol amphiphiles with respect of
this propriety, a new class of inositol-based derivatives which contain a triethylene oxide unit
in their head group was developed. The present work is going to describe the synthesis and

characterization of this new class of amphiphiles.

A second project which will be treated in this thesis involves studies regarding the synthesis
and characterization of phosphine oxide metal complexes. Phosphine oxide groups can bind
various metal cations such as alkaline, alkaline earth, transition and lanthanide metal ions
through ion dipolar interactions. This property allows phosphine oxide-based derivatives to be
used in various fields of large economical impacts, such as environmental sciences, medical
diagnostics, cell biology, etc. Lipophilic phosphine oxides have been used also as extraction
agent for precious metals from aqueous solutions. This property raised the question if it would
be possible to induce supramolecular order like e.g. thermotropic or lyotropic liquid
crystallinity in phosphine oxides metal complexes amphiphiles. The results of respective

investigations will be presented.



2. STATE OF KNOWLEDGE 6

2. STATE OF KNOWLEDGE

Surfactants (a contraction of the tesurface acive ggen) are among the most versatile
products of the chemical industry, appearing in such diverse products as motor oils for
automobiles, pharmaceuticals, detergents, drilling muds used in prospecting for petroleum,
and flotation agents used in benefication of ores. The last decades have seen the extension of
surfactant applications to such high-technology areas as electronic printing, magnetic
recording, biotechnology, micro-electronics, and viral reséd¥ch.

Over the past thirty years liquid crystals (LCs) have become the quintessential molecular
electronic materials of our present day era (Fig. 2.1). The ease with which they can be
reoriented in electrical fields has led to the development of a plethora of high technology
applications, resulting, for example, in the dominance of the flat-panel displays market. Yet,
even though the field of displays may appear mature, there is still considerable interest in the
development of 3D-diplays, trans-reflective mode displays which utilise the ability of LCDs
for daylight viewing, and colour frame sequential devices which in combination with LEDs
could lead to brighter displays’

Fig. 2.1. Structural design in, and applications of, liquid crystals. The molecules are shown as
molecular materials of defined shafe.
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2.1. Surfactants

2.1.1. General structural features and behaviour of surfactants

A surface active agent (surfactant) is a substance that, when present at low concentration in a
system, has the property of adsorbing onto the surfaces or interfaces of the system and of
altering to a marked degree the surface or the interfacial free energies of those surfaces (or
interfaces). The ternmterfaceindicates a boundary between any two immiscible phases; the
term surfacalenotes an interface where one phase is a gas, usudiy air.

The surface tension is a measure of the difference in nature of the two phases meeting at the
surface. The greater the dissimilarity in their nature, the greater the surface tension between
them. A surfactant is a substance which at low concentrations adsorbs at some or all of the
interfaces in the system and significantly changes the amount of work required to expand
those interfaces. Surfactants usually act to reduce interfacial free energy rather than to
increase it, although there are occasions when they are used to incréase it.

Surfactants have a characteristic molecular structure consisting of a structural group that has
very little attraction for the solvent, known asyaphobicgroup, together with a group that

has strong attraction for the solvent, called thephilic group. This is known as an

amphiphilicstructure (Fig. 2.2.).

Lyophilic group 1 Lyophobic group

Fig. 2.2. Schematic representation of an amphiphilic structure.

When a molecule with an amphiphilic structure is dissolved in a solvent, the lyophobic group
may distort the structure of the solvent, increasing the free energy of the system. When that
occurs, the system responds in some fashion in order to minimize the contact between the
lyophobic group and the solvent. In case of a surfactant dissolved in aqueous medium, the
lyophobic (hydrophobic) group distorts the structure of the water by breaking hydrogen bonds
between the water molecules and by structuring the water in the vicinity of the hydrophobic
group. As a result of this distortion, some of the surfactant molecules are expelled to the
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interfaces of the system, with their hydrophobic groups oriented in such a way that their
contact with water molecules is minimized. The surface of the water becomes covered with a
single layer of surfactant molecules with their hydrophobic groups oriented predominantly
towards the air. Since the air molecules are essentially nonpolar in nature, as are the
hydrophobic groups, this decrease in the dissimilarity of the two phases contacting each other
at the interface results in a decrease in the surface tension of water. On the other hand, the
presence of the lyophilic (hydrophilic) groups prevents the surfactant from being expelled
completely from the solvent as a separate phase, since that would require dehydration of the
hydrophilic group. The amphiphilic structure of the surfactant therefore causes not only
concentration of the surfactant at the surface and reduction of the surface tension of the water,
but also orientation of the molecules at the surface with its hydrophilic group in the aqueous
phase and its hydrophobic group oriented away frdtf it.

The chemical structures of groups suitable as the lyophobic and lyophilic portions of the
surfactant molecule vary with the nature of the solvent and the conditions of use. The
hydrophobic group is usually a long-chain hydrocarbon residue, and less often a halogenated
or oxygenated hydrocarbon or siloxane chain. The hydrophilic group is an ionic or highly
polar group. Depending on the nature of the hydrophilic group, surfactants are classified as:

1. Anionic— the surface active portion of the molecules bears a negative charge, for example
RCOONa' (soap), sodium dodecyl sulfate (SDS) (Fig. 2.3).

Fig. 2.3. The molecular structure of sodium dodecyl sulfate (SDS).

2. Cationic— the surface active portion bears a positive charge, for example @Ngdalt of

a long-chain amine), cetyl trimethylammonium bromide (CTAB) (Fig. 2.4).

/\/\/\/\/\/\/\/\N{B-
/N

Fig. 2.4. The molecular structure of cetyl trimethylammonium bromide (CTAB).
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3. Zwitterionic — both positive and negative charges may be present in the surface active
portion, for example long-chain amino acid lik&,N-dimethylN-dodecylglycine
(dodecylbetaine, GBET) (Fig. 2.5).

Fig. 2.5. The molecular structure of Nséimethyl-N-dodecylglycine
(dodecylbetaing;BET).

4. Nonionic — the surface active portion bears no apparent ionic charge, for example
oligo(ethylene) oxides or sugar based surfactants (Fig. 2.6).

HO
HO

OH
0]
OH
HO\V\ ?/012H25
OH
0 © © 6
HO

0]
~
CioH
OH 12M25

n-dodecyl-B-maltoside (B-C;,G,) n-dodecyl-hexaethylene oxide (Cy,Ey)

Fig. 2.6. Molecular structures of the surfactants n-dod@ephmaltoside -C1,G,) and
n-dodecyl-hexaethylene oxidefg).

2.1.2. Nonionic surfactants

As it was previously mentioned the nonionic surfactants have the surface active portion
bearing no apparent ionic charge. There are few advantages and disadvantages of using
nonionic surfactants. As advantages could be counted that they are compatible with all other
types of surfactants; are generally available as 100% active material free of electrolyte; can be
made resistant to hard water, polyvalent metallic cations, electrolyte at high concentrations;
are soluble in water and organic solvents, including hydrocarbons. The disadvantages depend
on the class of the nonionic surfactants, some of them are poor foamers (which also can be an
advantage sometimes) or have no electrical effects (e.g., no strong adsorption onto charged
surfaces). Ethylene oxide derivatives show inverse temperature effect on solubility in water,

may become insoluble in water on heating, etc.
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The present work is dealing with two main classes of nonionic surfactants: the carbohydrate

(sugar)-based and the oligo(ethylene) oxide-based surfactants.
Carbohydrate-based surfactants

Natural surfactants are abundant in both plants and animals in small quantities. The cost of the
isolation of these compounds led to the development of the cheaper synthetic surfactants,
mainly derived from petroleum. The increasing need for products less toxic and highly
biodegradable resulted in numerous studies of new sugar-based surfactants, also considered
“natural surfactants”, as they can occur in nature or may be prepared from natural raw
materials’® This class of surfactants can be used in several areas, such as food industry
(having good functional properties as emulsion stabilization, foaming, etc.), biology
(extraction and purification of membranes proteins), molecular recognition in glycobiology or
immunology and detergents. Carbohydrate-derived surfactants that are produced and used on
an industrial scale are sorbitan esters, sucrose esters, and, which is rather new, fatty acyl
glucamides and alkyl polyglucosiffé.

Sugar-based surfactants possess a carbohydrate hydrophilic part, which can be a mono- or
oligosaccharide, and a hydrophobic tail, usually hydrocarbon long-chains. The two moieties
can be directly linked via a functional group (ester, ether, hydrazine, amino group, etc.) or
separated by a spacer (gemini surfactants).

Alkyl polyglucosides with a worldwide production capacity recently increased to about
60.000 metric tons/year are by far the most important sugar-based surfactant. They are
produced by proton-catalyzed acetalation of carbohydrates, preferably of glucose, or by
transacetalation of butyl polyglucoside with fatty alcohol.

Strictly speaking, alkyl polyglucosides are not new surfactants but were described as early as
100 years ago by E. FiscH&¥.However, it was not until 1934 that their potential as surface-
active agents was appreciated in a patent granted to H. Th. Béhme AG of CHehiHtitzy

then felt into obscurity for a long time, probably not only because they were difficult to
manufacture but also because many other surfactants were already in production. It was not
until the first half of the 1980s that this old class of surfactants was unearthed again, against a
background of increasing environmental concern.

The intensive use of anomeric alkyl glucosides suah@styl B-D-glucoside §-CgG;) andn-

dodecyl B-D-maltoside -C12G,) (Fig. 2.7) in biology as effective solubilizing agents for
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membrane proteins, among other applications, indicated that these surfactants should be very

safe.
OH
OH o
HO
OH
OH
CqHos o) ©
HO O\
CqoH
oH 12H25
n-octyl-B-glucoside (B-CzG) n-dodecyl-B-maltoside (B-C;,G5,)

Fig. 2.7. Molecular structures of sugar-based surfactants n-getyglucoside
£CsG1) and n-dodecyp-D-maltoside §-C1.G,)

A huge number of application-related patents in particular are based on the special properties
of alkyl polyglucosides, including their compatibility and synergetic effects when they are
combined with many other surfactants and ingredients of surfactant-based formulation. This,
combined with their low environmental impact, as already mentioned, their amazingly
economical cost/performance ratio, and finally the high quality standard already achieved,
explains the current interest in carbohydrate-based surfactants. Hence, there is a good chance
that sugar-based amphiphiles will play a major role alongside the frequently used traditional
surfactant§????!

Polyethylene oxide-based surfactants

The most important class of commercially available nonionic surfactants is the polyethylene
oxide alcohols derived from reaction of an alcohol with ethylene oxide. These materials are
produced in an excess of billions tons a year and are used in such diverse applications as
household and institutional laundry, textile scouring, pulp and paper manufacturing, oil field
surfactants, agriculture spray adjuvants, and environmental clean-up. The type of alcohol used
as the initiator and the length of the polyethylene oxide chain define the application of these
versatile commercial products. A primary driving force for the use of these surfactants is their
ready biodegradability and overall environmental acceptability. Nevertheless, current and
anticipated environmental pressures ensure their continued replacement of other surfactant
materials?!

Alcohol ethoxylates, like alcohol sulfates and alcohol ethoxysulfates, can be made from either

oleochemical or petrochemical alcohols. Consequently, the linearity of the hydrophobe can
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vary from highly linear when the alcohol is derived from oleochemical sources and some
petrochemical sources to highly branched from other petrochemical sources. Often a blend of
several carbon chain length alcohols is used to produce commercial products.

2.1.3. Critical micelle concentration. Surface tension. Surface concentr ation.

Micelle formation is the property of surfactant that may be as fundamental, and certainly is as
important, as their property of being adsorbed at interfaces and consists in ability of surface
active solutes of forming colloidal-sized clusters in solution. Micelle formation or
micellization is an important phenomenon not only because a number of important interfacial
phenomena, such as detergency and solubilization, depend on the existence of the micelles in
solution, but also because it affects other interfacial phenomena, such as surface or interfacial
tension reduction, that do not directly involve micelles. Micelles have become a subject of
great interest to the organic chemist and the biochemist — to the former because of their
unusual catalysis of organic reactions and to the latter because of their similarity to the
biological membranes and globular proteins.

The shape of the micelle produced in aqueous media is of importance in determining various
properties of the surfactant solution, such as viscosity, its capacity to solubilize water-
insoluble material, and its cloud point.

At the present time, the major types of micelles appear to be:

a) relatively small, spherical structures (aggregation number < 100);

b) elongated cylindrical, rod like micelles with hemispherical ends;

c) large, flat lamellar micelles (dislike extended oblate spheroids);
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d) vesicles — more or less spherical structures consisting of bilayer lamellar micelles arranged

in one or more concentric spheres.

The proportion of molecules present at the surface or as micelles in the bulk of the liquid
depends on the concentration of the amphiphile. At low concentrations surfactants will favour
arrangement on the surface. As the surface becomes crowded with surfactant more molecules
will arrange into micelles. At a specific concentration the surface becomes completely loaded
with surfactant and any further additions must arrange as micelles. This concentration is
called thecritical micelle concentration (cmg. It follows that measurement of surface
tension may be used to determine ttrac A graph of surface tension versus log of

concentration of surfactant added will appear as follows (Fig. 2.8):

Fig. 2.8. Schematic drawing of the concentration dependence of the surface tension.

In this graph one can identify three phases:
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1) At very low concentrations of surfactant only a slight change in surface tension is detected;
2) Additional surfactant decreases the surface tension;

3) Surface becomes fully loaded, no further change in surface tension.

As shown above, the technique to determinectheby measurement of surface tenswors

simple and straightforward. A graph of surface tension versus log concentration is produced.
The cmcis found as the point at which two lines intersect: the baseline of minimal surface
tension and the slope where surface tension shows linear decline (plateau).

There are different theoretical models to describe surface temsiersus log concentration
curves. The most common is the model derived by Langmuir and SzyszKk$w#3kThe

Langmuir — Szyszkowskguation is given by equation (2.1):

o =0, —I'wRTIn[1+%j 2.1)

where o is the surface tension of the surfactant solutmnis the surface tension of the
solvent,I',, is the maximum surface concentration (saturation monolayer coveRage}he

gas constant is the temperature, is the surfactant concentration, amt the concentration

at which a surface concentrationIof/2 is reached. The equation (2.1) is only valid if there

are no interactions between the adsorbed molecules.

In the present work another model is used to describe the surface tension curves, namely the
Frumkin model.This model takes into account the attractive interactions between molecules

adsorbed at the interface. The equation for the Frumkidel is given by equation (2.2):
r 2
o =0, +FmRTIn(1—r—j+a{—j (2.2)

with a’ being the interaction parameter. According to this model the surface tension increases
with increasing interaction between absorbed surfactant molecules because the mobility of the
molecules decreasE§)

The tendency to adsorb at the water/air interface increases with increasing hydrophobic chain
length in a homologous series, which means that the concentration needed for some particular
adsorption value decreases with increasing chain length. For a homologous series the shape of
the curve itself stays the same. The adsorption rises with increasing concentration until the
cmc when the adsorption value reaches a plateau. The interface concentration reaches its
maximumlI',, at this point. Further surfactant addition has no effect on the adsorption density
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and thus on the surface tension. The minimal required space per surfactant molecule can be

calculated from the I'value and is given by the equation (2.3):

1
NAAﬂin

r =

0

(2.3)

whereN, is the Avogadroconstant ilx = 6.023 16 mol™) and Ami is the minimal surface

area per surfactant molecule.
2.1.4. The Krafft boundary

Most systems possess many qualitatively different solubility boundaries at different
temperatures. If we talk about solubility boundary, we tend to think about the liquid phases.
But it is important to remember that other phases may possess solubility boundaries as well.
In other words, two liquids, a liquid and a solid or two solids can coexist in a miscibility
gap®2”!

The amphiphilic nature of surfactants allows them to form numerous aggregates in aqueous
solutions, which, in turn, may result in numerous different phases, depending on the
temperature and the composition. Many surfactants are high soluble in liquid water at high
temperatures, but separate from the solution as a crystal phase at lower temperatures. The
crystal solubility boundary in aqueous surfactant solutions is called the “Krafft boundary” in
honour of its discoverer, Prof. Friedrich Krafft (1852-1923). This boundary has a distinctive
shape (Fig. 2.9), and terminates at its upper temperature limit at a eutectic discontinuity. This
eutectic is called the Krafft discontinuity or Krafft eutectic. The saturating phase at the
solubility boundary at temperatures above the Krafft eutectic is usually (but not always) a

liquid crystalline phase.
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Fig. 2.9. The general form of the Krafft bounddf¥.

Far below the temperature of the Krafft eutectic the solubility of surfactants is small and the
crystal solubility boundary is steep, which signifies that a low temperature coefficient of
solubility exists. As the temperature is increased a turnover or “knee” develops, and just
above this knee a plateau exists. Along the plateau the slope is small and the temperatures
coefficient of solubility is very large. The plateau terminates at the Krafft eutectic, at which
the crystal solubility boundary intersects that solubility boundary which exists at higher
temperatures. The liquid phase at the intersection of these two solubility boundaries is also the
most dilute of the three phases that may coexist at the Krafft eutéttic.

In a series of studies aiming to explain the shape of the Krafft boundary it was noted that the
composition of the boundary at the knee is similar to the critical micelle concenti@aign (

of surfactants. The dependence of ttrac on temperature, at values above the Krafft
boundary, has been determined for a number of soluble alkyl sulfate salt surfactactacThe
versus temperature function has been extrapolated to its intersection with the independently
determined Krafft boundary, and the point of intersection (which clearly falls within the knee)
has been termed the Krafft point (Fig. 2.9).

The presence of a knee and a plateau in a crystal solubility boundatyisique to aqueous
surfactant systems, and the existence of these featuresndbegquire that micellar
phenomena exist within the liquid phase. They are found in the crystal solubility boundary in
the phase diagrams of all solute-solvent systems that are useful for purification by
recrystallization, and micellization within the liquid phase does not exist in the vast majority

of these system&®
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2.1.5. Few analytical methods used in surfactants characterization

2.15.1. Methodsfor surface and interfacial measurements

Reduction of the surface and interfacial tension is one of the most commonly measured
properties of surfactants in solution. Since it depends directly on the replacement of molecules
of solvent at the interface by molecules of surfactant, and therefore on the surface (or
interfacial) excess concentration of the surfactant, it is also one of the most fundamental of
interfacial phenomen&®!

Measurements of the surface or interfacial tension of liquid systems is accomplished readily
by a number of methods. Some of them are based on dynamic principles and are thus suitable
to measure the tension as a function of time. Others are static or quasi-static methods and
yield dynamic tensions as well, but also allow reaching the equilibrium state of a liquid
interface and hence are able to measure the equilibrium tension. While dynamic methods
require theories for data interpretation that take the dynamic character into consideration, the
data from static methods can be understood more easily. To overcome this problem Joos
developed a theory which reduces the data from dynamic methods to a so-called effective
lifetime of the interface, which is equivalent to the time needed at a static interface to reach
the same adsorption st&t&. In this way measurement results from all experimental
techniques can be directly compared.

The following Table 2.1 gives an overview of methods dedicated to surface tension

measurements of liquid interfaces.

Table 2.1. Methods for measuring surface and interfacial tension of liquid inteH3ces

Method \ Suitability for liquid/liquid \ Suitability for liquid/gas

Capillary Rise Technique possible good

Capillary Wave Damping possible possible
Drop Volume Method good good
Growing Drops and Bubbles good good
Inclined Plate Method bad good
Maximum Bubble Pressure Method possible good
Oscillating jet bad good
Pendent Drop Method good good
Plate Tensiometry bad good
Ring Tensiometry bad good

Sessile Drop Method possible possible

Spinning Drop Method good possible
Static Drop Method good good
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In the present work the method used to measure the surface tension is the ring tensiometry

after Du Nody, therefore this method is going to be described more detailed.
Ring tensiometry after du Nouy

The ring tensiometry is the most frequently used technique to measure the surface tension of
pure liquids and solutions. As mentioned above the ring tensiometry is difficult to apply to
liquid/liquid interfaces, as it is connected with complicated wetting problems. The same is
true for the plate tensiometry, so that complementary techniques are required for these
interfaces.

In the du Noly ring method, a thin wire ring is inserted below the interface and held
horizontal. Then the ring is pulled up through the interface. The feroeeasured by a
balance goes through a maximuna."" In a first approximation the surface tensietis

given by equation (2.4):

o="rm (2.4)

4R

whereR is the radius of the ring. Note that for equation (2.4) to hold, the radius of the wire
must be much smaller than the radius of the ring and that the solution must wet the wire
completely. For this reason a clean platinum wire is usually used. For precise measurements, a

correction factor fo the ideal case is required:

g = @ (2.5)
47Rf

This correction factof takes in account the ring geometry and the liquid depstyd usually

is included into the software of most tensiometers but can be also determined by using the
tables. For this thesis, the values for measured surface tension were calculated using the
Harkins and Jordan correction factors which are expressed as a funcfdn asfd RV,

wherer is the radius of the wire and is the volume of the liquid raised above the free
surface.

Surface tension measurements for the present work were carried out using a STA-1

tensiometer from Sinterfa¢€ig. 2.10), which has an accuracy of 0.1 mN m
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Fig. 2.10. (a) STA-1 tensiometer, (b) Sartorius balance, (c) measurement vessel,
(d) platinum ring, (e) Plexiglas box.

The equipment consists of three parts: a computer to control the measurements, a Sartorius
balance and the tensiometer itself (Fig. 2.11). Solutions were placed into a glass vessel, and
the measurements are done in a closed Plexiglas box to prevent contamination and to maintain

the humidified environment.

Fig. 2.11. The surface tension measurements equipment: the computer,
the STA-1 tensiometer and the Sartorius balance.

2.1.5.2. Diffusion ordered spectroscopy (DOSY)

Studies of surfactants have constituted a cornerstone in physical chemistry ever since the
pioneering work of McBaifi? at the beginning of the twentieth century, and many different

experimental methods as well as the theoretical modelling have been employed. Of the
experimental methods, nuclear magnetic resonance (NMR) has come to play a pivotal role
during the last decades. It is fair to say that no other spectroscopic methods can compete with
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NMR regarding versatility, and the technique offers many unique capabilities. It is essentially
a nonperturbing method in that it utilises nuclei already present in the investigated molecules
or inserted into them by means of isotope labelling as pfobes.

There are many different aspects of NMR studies of surfactant systems, covering both liquid
solution phases and liquid crystalline phases. This subchapter will summarise one of the NMR
diffusion methods for surfactants in solution, respectively diffusion ordered spectroscopy
(DOSY) using pulsed field-gradient (PFG) NMR spectroscopy.

Over the last decade, pulsed field-gradient (PFG) NMR spectroscopy has become the method
of choice for measuring diffusion in solution in both chemical and biological systems. In
principle, the diffusion coefficient of a certain molecular species under given conditions (for
example, solvent and temperature) depends on its “effective” molecular weight, size and
shape. Therefore, it is evident that diffusion can be used to map intermolecular interactions
that play an important role in both chemistry and biology in solution and which lie at the heart
of molecular recognition, a process which is essential to supramolecular and combinatorial
chemistry®*!

The fact that molecular diffusion can be measured by NMR methods was realised in the early
days of NMR spectroscopy?) The most practical pulse sequence for measuring diffusion
coefficients was introduced by Stejskal and Tanner in #866ng before the advent of 2D

NMR spectroscopy which is currently routinely used by chemists worldwide. The last decade
has witnessed an explosion in the utilization of gradients in all areas of NMR spectroscopy,
ranging from coherence selection in high-resolution NMR spectroscopy to magnetic
resonance imaging (MRI). Being a totally non-invasive technique it is particularly suited to
studying molecular dynamics and translational diffusion.

Translational diffusion is one of the most important modes of the molecular transport. Self-
diffusion is the random translational motion of ensembles of particles (molecules or ions) as a
consequence of their thermal energy. In case of self-diffusion, no (net) force acts on the
molecular particles and, consequently, no net displacement is observed. It is well known that
diffusion is closely related to molecular size, as seen from the Einstein-Smoluchowski

equation:

(2.6)

where D is the self-diffusion coefficientk, is the Boltzmann constant, is the absolute

temperaturef is the so-called hydrodynamic frictional coefficieNf is Avogadro’s number,



2. STATE OF KNOWLEDGE 21

and Ris the gas constant. For a sphere in a continuous medium of visgdsgygiven by the

Stokes equation:
f = 6mRy (2.7)

where Ry is the hydrodynamic radius. Combining equations (2.6) and (2.7) leads to the
familiar Stokes-Einstein equation:

p=_T 2.8)
6rmR,

The Stokes-Einstein equation (2.8) indicates that, by measuring the self-diffusion coefficient
of a given molecular species under controlled conditions, one may obtain information on its
effective size or weight and, therefore, on the specific interactions of the species with its
molecular environment. Thus the diffusion coefficients are sensitive to structural properties of
the observed molecular species such as weight, size and shape, as well as binding phenomena,
aggregation and molecular interactiés.

Different mobility rates or diffusion coefficients may also be used as the basis for the
separation of the spectra of mixtures of compounds in solution, this procedure being referred
to as diffusion ordered spectroscog or DOSY. The application of NMR diffusion
measurements to the separation of small-molecule mixtures in this way is a relative newcomer
to high-resolution NMR and is a developing area that is sure to find increasing use in the
research laboratory.

All modern NMR-based diffusion measurements rely on the application of pulsed field
gradients to map the physical location of a molecule in solution and have recently been made
possible on conventional high-resolution NMR spectrometers through the provision of
actively shielded PFG probe heads. Molecular diffusion is then characterized along the
direction of the applied field gradient, which is typically along thexis of conventional
gradient probeheads. The basic scheme for the characterization of diffusion is the pulsed field
gradient spin-echo (Fig. 2.12).

Fig. 2.12. The pulsed field gradient spin-echo sequence-(@adient chanel,
7 — evolution time — diffusion time g — gradient lengthy’”?
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In the absence of gradient pulses, this will refocus chemical shift evolution such that the
detected signal is attenuated only by transverse relaxation during pleei@d. WWhen pulsed

field gradients are employed, complete refocusing of the signal will only occur when the local
field experienced by a spin is identical during the two gradient pulses. Since a field gradient is
used, the local field is spatially dependent, meaning this refocusing condition is only met if
the spin remains in the same physical location when the two PFGs are applied. If the molecule
was to diffuse away from its initial position during the diffusion delaythe local field
experienced during the second PFG would not exactly match that of the first and only partial
refocusing of the signal would occur. The detected signal would therefore be attenuated by an
amount dictated by how far the molecule moved during the petjodnd hence by its
diffusion coefficient"!

To characterise diffusion rates, it is possible to progressively alter the Aletlag length or

the strength of the gradient pulses and to monitor the corresponding signal decay. However,
changes made to the overall length of the echo sequence will introduce additional
complications arising from increasing relaxation losses, so it is universal practice to increase
gradient strength whilst keeping all time periods invariant. WHistelaxation losses still

occur in this case, they are constant for all experiments and thus do not contribute to the

progressive signal attenuation that is monitored (Fig. 2.13).

Fig. 2.13. Diffusion proton spectra measured at constant diffusion delay 4
and progressively increasing gradient strength G.
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The observed signal intensity |, for the basic PFG spin-echo experiment is given by the

Stejskal-Tanner equation:

| =1, exp{ _TZT ~ ()Y D(A —ED 2.9)

2 3

wherely is the signal intensity at zero gradient strengtlg the time between the 90° and
180° pulsesT, is the transverse relaxation timeis the proton magnetogyric consta@tjs

the gradient strengti is the diffusion coefficient/ is the diffusion time and is the length

of the gradient.

In the procedure used in this workwas kept constant and thus tig effects are kept
constant, which means that there are no variations in the relaxation term that affects the
intensityl, and thus only diffusion contributes to the echo-decay. Since the relaxation term

21T, is constant it can be included g $0 that equation (2.9) can be simplified to:

| = Ioexp(—(y&;)zD(A— 5)] (2.10)

3

The PFG spin-echo sequence is limited in practice by the afore-mentioned relaxation losses
and is nowadays little used for diffusion measurements. Because magnetization is transverse
during the diffusion period, these losses are dictated by the transVegrseldéxation rates

which themselves increase with molecular size. Since larger molecules (or aggregates) require
longer diffusion periods to move significant distances, the use ofdotgjays can lead to
unacceptable signal-to-noise degradation. In the stimulated-echo sequence (Fig. 2.14)
magnetisation is longitudinal during the diffusion period, by virtue of the second 90° pulse,
meaning the sequence is now limited by slower longitudimgl relaxation rates instead.
Following the diffusion period, the magnetization is returned to the transverse plane by the
third 90° pulse for refocusing and detection. All recently introduced diffusion sequences are

derived from this basic stimulated-echo sequétite.
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Fig. 2.14. The pulsed field gradient stimulated-echo sequéfce.

The diffusion experiments presented above can be processed and displayed as a 2D matrix
with chemical shifts plotted along one axis and diffusion coefficients plotted along the
perpendicular axis (Fig. 2.15).
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Fig. 2.15. 2D DOSY spectrum showing four different species characterized
by four different diffusion coefficierits.

One of the applications of DOSY experiments is to separate species spectroscopically (not
physically) present in a mixture of compounds. In this sense the use of DOSY is reminiscent
of the physical separation of compounds by chromatography. Thus, DOSY is also termed
“NMR chromatography”. Fig. 2.15 illustrates this concept, each horizontal line represents a
distinct diffusion coefficient and, hence, all peaks on the horizontal line correlate with signals

in the chemical shifts dimension, and should be attributed to a specific molecular species.
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Solvent suppression

Fortunately the majority of solvents used in organic NMR spectroscopy are readily available
in the deuterated form. For proton spectroscopy in particular, this allows the chemist to focus
on the solute spectrum, undisturbed by the solvent that is present in vast excess.
Unfortunately, there are applications like surfactants systems, molecules of biochemical or
medicinal interest, which must be studied in water and in order to observe all protons of
interest within these systems, protonated water must be employed as the solvent. Whereas
H,O is 110 M in protons, solute concentrations are more typically in the millimolar region
and the 16— 10 concentration difference imposes severe experimental difficulties which
demand the attenuation of the solvent reson&flce.

The goal of the solvent suppression is therefore to reduce the magnitude of the solvent
resonance before the NMR signal reaches the receiver. This seemingly simple requirement
has generated an enormous research*3remphasising the fact this is by no means a trivial
exercise. The more widely used approaches can be broadly classified into three areas: a)
methods that saturate the water resonance, b) methods that produce zero net excitation of the
water resonance and c) methods that destroy the water resonance with pulsed field gradients.
The most effective approach to date to solvent suppression is the destruction of the net solvent
magnetization by pulsed field gradients (PFGs), so ensuring nothing of this remains
observable immediately prior to acquisition. The method used within the present work is
called excitation sculpting and is an improved approach to gradient suppression applying a
double PFG spin-echo instead of one (Fig. 2P6Yhis may be representecdh 6 S — G

where S represents any selective 180° pulse and the bracketing gradients are identical. The
phase profile of the selected resonance(s) is also dictated by the phase proprieties of the
selective pulse S, which may not be ideal. Repeating the gradient-echo once again (Fig. 2.16,
with a different gradient strength, ® avoid accidental refocusing of the previously dephased
unwanted magnetisation) exactly cancels any remaining phase errors and the resulting pure-
phase excitation profile depends only on the inversion properties of the selective pulse.
Experimentally this is an enormous benefit because it makes implementation of the selective
sequence straightforward and because the field gradients ensure excellent suppression of the

unwanted resonance.
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Fig. 2.16. Exitation sculpting (double pulsed field gradient spin-echo) prinéifle.

The resulting excitation profile of the double PFG spin-echo (DPFGSE) is dictated by the
cumulative effect of the repeated inversion pulses, resulting in a “chipping away” of

magnetisation by the series of gradient-echoes, hence thexeitation sculpting®®“
Self-diffusion measurements in dilute micellar solutions

The observed surfactant diffusion coefficient, as obtained from NMR experiment, is an
average including contribution from both the monomers and the aggregated surfactant.
However it is the contribution from the aggregated surfactant to the observed diffusion
coefficient that conveys the information about size and structure of the micelles. Of course,
Dmono@lso gives information about size and structure of the single molecule, but this is not the
subject of interest for this chapter. The observed diffusion coeffidig) (s assumed to be

a combination of the diffusion coefficients for aggregat&l,d and free surfactant

monomersDmond, SO that under fast exchaffgé?:
Dobs = I:)Dmic + (1_ I:))Dmono (211)
where Pis the fraction of micellized surfactant, which is given by:

_ c-cmc

(2.12)

wherec is the total surfactant concentration and ¢srtbe critical micelle concentration.
Dmono Can be obtained by measuring the surfactant self-diffusion below where the

diffusion coefficient is expected to have a constant value, and can be assumed to be constant
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abovecmc OnceDpic has been determined, it can be compared with theoretical models to
predict the size and indicate the structure of the micelles in solution.

As it was mention at the beginning of this subchapter, the hydrodynamic Rdicen be
calculated from the self-diffusion coefficients using the Stokes-Einstein equation (2.8), which

describe a spherical particle diffusing in a solvent at infinite dilution:

p=_T 2.8)
6rmR,

whereky is the Boltzmann constari, is the absolute temperaturgjs the viscosity of the
solvent and Ris the hydrodynamic radius including the hydrophobic part, the head group and
the hydration water.

The Stokes-Einstein equation (2.8) assumes the absence of intermolecular interaction of the
surfactant, i.e. infinite dilution. In the presence of micelles, aggregate obstruction effects must
be taken into account. In the case of spherical micelles, a functional form according to the

following equation (2.13) is often used:
D, = D,(1-k®) (2.13)

where Dpic IS the measured micelle diffusion coefficiemy is the micelle diffusion
coefficient at infinite dilutionk is a constant and is the volume fraction of micelles. In the

case of spherical aggregates; 8-2.5, depending on the surfactant.

Not only the aggregate self-diffusion, but also the self-diffusion of solvent molecules depends
on the shape of aggregates. Different micellar geometries, i.e. spheres, prolates and oblates,
give different obstruction effects. This allows the determination of micellar shape through the
measurement of solvent diffusion. The relevant theory for this has been worked out by
Jonsson et & In short, the presence of spherical and rod-shaped aggregates give rise to

minor obstruction effects, while oblate or disk-shaped patrticles cause a larger effect.
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2.2.Liquid crystals

At a certain moment of life everyone learned that there are three states of matter: solid, liquid
and gas. This, however, is not the whole story. There are situations in which more than just
three states of matter exist. For now, consider the large class of organic molecules which no
not show a single transition from solid to liquid, but rather a series of transitions between the
solid and the normal (isotropic) liquid as their temperature is raised. These new phases have
mechanical, optical, and structural properties between those of the crystalline solid and the
corresponding isotropic liquid. For this reason this phases are referretigoidsrystalline
phases, and the materials which form them upon a change in phase are often referred to as
thermotropic liquid crystal Another proper name which is used is mesomorphic (or
intermediate) phasé¥!

But the temperature is not the only term which may be variable. Another possible way of
generating this intermediate state is by addition of solvents in appropriate amount to
convenient compounds leading lymtropic liquid crystals In this type of liquid crystals the
concentration range in which the system is liquid crystalline can be compared with the
temperature between the melting- and the clearing point of thermotropic liquid crystals.
Chemical compounds which exhibit both kinds of liquid crystal formation are named
amphitropic (or amphotropi¢ liquid crystals. Such particular compounds show thermotropic
liquid crystalline behaviour in their pure state on heating or the formation of lyotropic
mesophases on the addition of a further component, mostly of an inorganic or organic solvent
in certain amount¥®

Almost all novel inositol derivatives which are going to be presented in this work are
amphitropic liquid crystals. For this reason the next two chapters will present some features

about both the thermotropic and lyotropic liquid crystals.

2.2.1. Thermotropic liquid crystals

As it was mentioned above, the thermotropic liquid crystals exist in dependence of
temperature in certain temperature interval. Thermotropic liquid crystals which are stable at
temperatures above the melting point of the compound are eaikeatiotropic In certain

cases the liquid crystalline state is only stable at temperatures below the melting point and can

be obtained only with decreasing the temperature. Phases of this kind are called monotropic
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The structure of the liquid crystalline phases is characterized by the arrangement and
conformation of the molecules and the intermolecular interaction. Similar phase structures can
be formed by molecules which belong to completely different classes from the chemical stand

point. This could be explained by looking at some of the most important phase stid&tures.
The nematic mesophases

The simplest liquid crystalline phase is the nematic phase. There are several types of nematic
phases (Fig. 2.17) but all of them can, to a first approximation, simply be described as liquids
which have long range orientational order, but lack of positional or bond orientational order.
The various types of nematics have slightly different properties based on the details of their
molecular structure and chemical behaviour. The two primary types of nematics are uniaxial
and biaxial.

The uniaxial is characterized by the following features: a) no positional order, so no bond
orientational order; b) orientational order parallel to the direstar) the direction oh in

space is arbitrary and typically imposed by outside forces such as electric/magnetic fields; d)

n and —n are equivalent; ad e) molecules which form nematics are either achiral or racemic .

t
I I’

N Np Neol

Fig. 2.17. Schematic representation of the most common nematic phases (N = nematic
“rod-like” phase, N = nematic discotic, N, = nematic columnar).

The biaxial nematic phase is also characterized by the above properties. However this liquid
crystalline phase does not posses cylindrical symmetry ahotihis phase presents two
unique directions perpendicular torendering it biaxial. It should be pointed out that the
existence of biaxial phases has been confirmed mostly in lyotropic than in thermotropic liquid

crystals.
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The smectic mesophases

The name “smectic” was given by G. Friedel to describe certain mesophases that feel slippery
like soap when touched, and was originally associated with what is now known as smectic A
(SmA) phase. The important feature that distinguishes smectic phases is that they have a
layered structure. In fact, positional and bond orientational order have been observed among
molecules lying in a smectic phase resulting in over 20 smectic liquid crystalline phases. The
most common phase are SmA, SmB, SmC, SmF and Sml.

The simplest is the SmA phase made of achiral and nonpolar molecules and characterized by
one-dimensional layered structure on which each layer is essentially a two-dimensional liquid
(Fig. 2.18). This phase is uniaxial, the layers are essentially incompressible, and the long axes
of molecules within the layer, on the average, are perpendicular to the layers. The SmA phase
is characterized by short range positional order and short range bond orientational in the

layers.

SmA SmC

Fig. 2.18. Schematic representation of two smectic phases:
smectic A (SmA) and smectic C (SmC).

The smectic B (or hexatic smectic B) describes a phase which is characterized by a layered
structure, just like the SmA phasad long range bond orientational order within the layers.
The bond orientational order is the essential property of a hexatic phase. In the SmB phase,
the molecules are locally hexagonally packed and the resulting six-fold bond orientational
order is maintained for macroscopic distances. The hexatic smectic B phase is a uniaxial
phase.

The smectic C (SmC) phase is similar to the SmA phase in that it is a layered structure and
each layer may be described as a two dimensional liquid film. However, in this case the

molecules are on the average tilted with respect to the normal to the layemsang.the
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smectic layer normal are not collinear (Fig. 2.18). Furthermore, the tilt angle, which the
molecular long axis makes with the layer normal, is a strong function of temperature. A
consequence of the tilting of the molecules is that this phase exhibits biaxial optical and
physical properties. There are also chiral versions of the tilted smectic C phases. In these
phase the director rotates around the cone generated by the tilt angle as the position along the
normal to the layers is varied. These phases with chiral structures are designated by an
asterisk to differentiate them from their achiral analogues.

The smectic F (SmF) and smectic | (Sml) phases may be described as tilted analogues of the
hexatic smectic B phase. However, with a hexagonal arrangement within smectic planes, the

molecules can tilt along two distinct directions with respect to the hexagonal lattice.
The columnar mesophases

Positional order in discotic liquid crystals displays itself by the tendency of the molecules to
arrange themselves in columns. This means that in the plane perpendicular to the columns, the
molecules tend to arrange themselves in a two-dimensional lattice, either rectangular or
hexagonal, as they diffuse throughout the sample. This is catieldmanar phaséFig. 2.19).

The stacking along the columns is sometimes not regular. In some columnar phases, the
molecules are tilted with their short axes not parallel to the column axes. The tilt direction

alternates from one column to the next.

E=2

Fig. 2.19. Schematic representation of a hexagonal columnar phasg. (Col

Cubic mesophases

Optically isotropic cubic mesophases are known to occur in some thermotropic systems and
more commonly in lyotropic systems. In contrast to the rich information available on
lyotropic materials, not much is known about cubic mesophases in thermotropic systems.
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2.2.2. Lyotropicliquid crystals

A mesophasdormed by dissolving an amphiphilic mesogen in a suitable solvent, under
appropiate conditions of concentration, temperature, and pressure is balteabic
mesophasl® There are six classes of lytropic liquid crystals: lamellar, hexagonal, cubic,
nematic, gel and intermediate phases (Fig. 2.20).

@
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molecules

il
s {8 !
i

il

lamellar phases L

disk-like
micelles

Fig. 2.20. Schematic representation of different types of lyotropic mesopHéses.

In all of the states except the gel phases, both surfactant and water have a liquid-like
molecular mobility that is short-range rotational and translational diffusion on a time scale of
10*% s. They differ in the long-range symmetry of the surfactant aggregates and in the
curvature of micelle surface. Except for the phases with flat aggregate surfaces, each class can
occur with the polar or the nonpolar regions as the continuous medium, the former being
referred to aormal while the latter argeversed. Each class of mesophases is usually
labelled by a particular letter (Fig. 2.20) with the symbols having subscripts 1 or 2 to

distinguish between the normal and reversed forms.
Lamellar phase (L)
The most common surfactant mesophase is the lamellar phgsalfio known as the neat

phase from its occurrence during soap manufacture. In this phase, the surfactant molecules are

arranged in bilayers frequently extending over large distances (a micron or more) which are
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separated by water layers (Fig. 2.21a). This phase is similar to the thermotropic SmA phases.
Its major repeating unit, the bilayer, forms the basic structural matrix of biological membranes
(Fig. 2.21b). While the lamellar phase does not usually flow under gravity, it has a fairly low
viscosity, with the material easily shaken into a container. It is readily identify from its

characteristic optical textures’

@

Fig. 2.21. Schematic representation of a) a lamellar phase and
b) a model of biological membranes.

Hexagonal phases (id Hy)

The next most common mesophase type is the hexagonal. There are two distinct classes of
hexagonal phase, these bemgmal hexagona(H;) also known as the middle phase (again

from the soap industry) and a reversed hexag(al(Fig. 2.22).

Fig. 2.22. Schematic representation of a normaj)(&hd reversed (Hl hexagonal phase.

Thenormal phase (H) is water-continuous, while threversed (H) is alkyl chain-continuous.
They consist of indefinitely long circular aggregates packed on hexagonalfattice



2. STATE OF KNOWLEDGE 34

Cubic phases (1, V)

A third category of mesophases formed by surfactants comprises the cubic phases. They are
also known as “viscous isotropic”. As the name implies, these phases are based around one of
three cubic lattices, namely the primitive, face centred and body centred. Therefore, they have
no optical texture under polarized light. There are at least four classes of cubic phase, these
being the normal and reversed forms of two very different structures. One set of structures (I)
is comprised of small globular micelles while the second (V) consists of a 3D micellar
network. Within each class several different structures occur.

The simplest cubic phase is that of the | type where the surfactant aggregates are small
globular micelles. For the water- continuoysphases, primitive, body centred and face
centred lattices have all been proposed. A revegssiuicture of globular aggregates packed

in a cubic array has been reported recently for some surfactants. Here it appears that the
micelles are spherical, but of two different sizes. For reversed micelles the alkyl chain
packing constrains no longer limit the micelle diameter, hence the coexistence of two

spherical micelles of different size is more plausible thamfor |

Fig. 2.23. Schematic representation of bicontinuous cubic phases.
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The second set of cubic phases has a bicontinuous aggregate structure. Three main space
groups Pn3m, Im3m and la3d have been reported (Fig. 2.23). The aggregates form a 3D
network extending throughout the sample, having curvature towards water fgwards oil

(V2). These phases are structurally similar to the intermediate phases and although organized
around the same cubic lattices as the | phases, have a completely different aggregate structure.
The cubic phases are all optically isotropic (as are micellar solutions), but they have very high
viscosities hence are easily distinguished from micellar solutions. The two classes of cubic
phase, | and V, are distinguished from each other by their location in the phase diagram. |
phases occur at the composition between micellar solutions and hexagonal phases, whilst V

phases occur between hexagonal and lamellar pases.
Nematic phases (N)

Lyotropic nematic phases are some what less common than the mesophases discussed so far.
They occur at the boundary between an isotropic micellar phasan(dl the hexagonal phase

(Hy) or between L and the lamellar phase JL As their name implies they have a similar

long range micellar order to that of molecules in thermotropic nematic phase. They are of low
viscosity, possessing long range micellar orientational order but reduced translational order
compared to the other lyotropic phases, and like the thermotropic phase can be aligned in a
magnetic field. It is possible to identify nematic phases optically because of their

characteristic schlieren textuf&.

Gel phases ()

The gel phase @) closely resembles the lamellar phase in that it is comprised of surfactant
layers, but it differs in its very high viscosity. The term “gel” originates from industry where
these systems were observed to have a gel-like rheology. There are commonly reported to be
three different structures of the gel phase normal, tilted and interdigitated. The first structure,
with the bilayer normal to the liquid crystal axis, is the structure most commonly found in
dialkyl lipid systems. The second structure, the tilted bilayer, is found in systems where the
polar head group is larger than the width of the alkyl chain (monoglyceride systems). The
third structure, the interdigitated form, is found with long chain monoalkyl systems

(potassium stearaté§!



2. STATE OF KNOWLEDGE 36

Intermediate phases

A number of so-called “intermediate” phases have been identified. They replace V
bicontinuous cubic phases for surfactants with longer or more rigid hydrophobic chains. It is
likely that they can replace the, Whases under some conditions. Unlike thé/Y phases,
intermediate phases are anisotropic in structure, and consequently birefringent. Also they are
often much more fluid than the cubic phases. There are three broad types of intermediate
phases according with the symmetry: rectangular ribbon structures, layered mesh structures,
and the bicontinuous structures which do not have cubic symmetry. Ribbon phases may be
regarded as a distorted hexagonal phase. Mesh phases are distorted lamellar phases in which
the continuous bilayers are broken by water filled defects which may or may not be correlated

from one layer to the next. The bicontinuous phases are distorted cubic stiitures.
Phase diagrams of binary systems

The best way to illustrate the behaviour of an amphiphilic material in water is to show a phase
diagram. The typical phase diagram of a binary system is a graph-like plot of composition
(along the abscissa) against temperature (along the ordinate). A general convention
established placing water to the left and the surfactant to the right. The term “graph-like” is
used advisedly, for the phase diagrams differ importantly from the graphs. The span of
compositions is restricted to 0-100%, and the vertical boundaries at these limits have special
significance: they are phase diagrams in their own right.

The area within phase diagrams is divided into regions by lines. Some of these are straight
lines that are either precisely horizontal or vertical, while others are smooth curves. The latter
generally depict the limits of miscibility of the components, and are callade boundaries

A one-phase region always exists to one side of phase boundaries and a two-phase region to
the other. The regions are labelled so that both the number of phases present, and their
structures, can be read from the diagf&h.

A phase diagram can present horizontal lines (lines of constant temperature or isotherms)
called isothermal discontinuitiesThese reflect the existence of discontinuities in phase
behaviour which occur at these temperatures. Vertical lines (lines of constant composition or
isopleths) can also exist and are callsdplethal discontinuitiesTwo vertical lines are

always found at 0 and 100% compositions which are the unary diagrams of components. In
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the diagnosis of phase behaviour, these isopleths (as well as the components themselves)
should be treated as phase regions whose span of composition is zero.

Phase diagrams constitute a dense form of information. With a little practice it is easily
possible to read phase behaviour at specific coordinates. With further practice progressive
changes in phase behaviour along isothermal or isoplethal process trajectories may be readily
be perceived. Finally, phase diagrams make it possible to grasp quickly and comprehensive
the phase behaviour of a system as a whole. No better way to communicate visually all these

kinds of information has been yet devised.
2.2.3. Analytical methodsto characterizeliquid crystals

The liquid crystalline phase is a distinct phase of matter, but there are many different types of
liquid crystalline phases. The various liquid crystalline phases and other mesophases are
characterised and then classified according to the molecular ordering that constitutes the
phase structure. Not surprisingly, the difference between the many different liquid crystal
phases is generally minimal. Such minimal differences in structure mean that the precise
classification of liquid crystals often requires the use of several analytical techniques (and a
great deal of experiencé!

The most common analytical techniques used in characterization of liquid crystalline
materials are optical polarizing microscopy (PM), differential scanning calorimetry (DSC), X-
ray diffraction, and miscibility studies. Other techniques used to identify the structure of
liquid crystalline mesophases include neutron scattering studies and nuclear magnetic

resonance (NMR) studies.
Optical polarizing microscopy

The most widely used technique of liquid crystal phase identification is optical polarizing
microscopy (PM), which reveals that each different liquid crystal phase has a distinct optical
texture.

The identification of mesophase trough PM usually involves the magnified view of a thin
sample of a mesogenic material sandwiched between a glass microscope slide and a glass
coverslip. The microscope slide of material is usually placed on a stage, which can be
accurately temperature-controlled, between polarizers which are crossed at 90° to each other.

The manner in which the molecules are arranged within the phase can be detected by careful
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analysis of the microscopic texture. Since the polarizers in the microscope are crossed at 90°
to each other, then with no sample in place light is extinguished and so blackness is seen.
Similarly, if an isotropic liquid is analyzed, the polarized light remains unaffected by the
sample and so no light passes trough the analyser. However, when an anisotropic, birefringent
medium is present (e.g. a liquid crystalline mesophase) light is not extinguished and an optical
texture appears that gives information relating to the arrangement of the molecules within the
medium. When analyzing mesophases by PM, the texture that is revealed depends upon how
the sample is aligned, in addition to being dependent upon the phase structure of the sample.
There are two basic forms of alignment for the liquid crystalline compounds, homeatndpic
homogeneougplanar). Homeotropic alignment is where the molecules that constitute the
phase are oriented such that their long axes (more importantly their optic axes) are normal to
the supporting substrate. When the molecules are so oriented polarised lights is unaffected by
the material and so light cannot pass trough the analyser. Hence from this vantage point the
observer looking trough the microscope will see complete blackness. In homogeneous
(planar) alignment the constituent molecules of the liquid crystal phase are oriented parallel to
the supporting substrates.

The optical polarizing microscopy enables the identification of the type of liquid crystal and
other mesophases from the optical texture that is generated. However, the technique is also
essential when evaluating the physical properties of liquid crystals in certain phases and over

particular temperature rangéd.
Differential scanning calorimetry (DSC)

Differential Scanning Calorimetry (DSC) is a useful tool which complements optical methods

in the study of liquid crystal phase transitions. DSC means the measurement of the change of
the difference in the heat flow rate to the sample and a reference sample while they are

subjected to a control temperature progfah.

This method has the advantages of high sensitivity for detecting enthalpy changes (as small as
~0.01J/g), very small sample size (up to 10 mg), rapid and convenient operation procedures
using commercial instruments with flexible computer software programs.

The basic principle underlying this technique is that, when the sample undergoes a physical

transformation such as phase transitions, more or less heat will need to flow to it than the

reference to maintain both at the same temperature. Whether more or less heat must flow to

the sample depends on whether the process is exothermic or endothermic. For example, as a
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solid sample melts to a liquid it will require more heat flowing to the sample to increase its
temperature at the same rate as the reference. This is due to the absorption of heat by the
sample as it undergoes the endothermic phase transition from solid to liquid. Likewise, as the
sample undergoes exothermic processes (such as crystallization) less heat is required to raise
the sample temperature. By observing the difference in heat flow between the sample and
reference, differential scanning calorimeters are able to measure the amount of heat absorbed
or released during such transitions. DSC may also be used to observe more subtle phase
changes, such as glass transitions. There are two types of DSC systems in common use, the
power compensation DSC and the heat flux DSC.

In power compensation DSC the temperatures of the sample and reference are controlled
independently using separate, identical furnaces. The temperature of the sample and reference
are made identical by varying the power input to the two furnaces. The energy required to do
this is a measure of the enthalpy or heat capacity changes in the sample relative to the
reference.

In heat flux DSC a defined exchange of the heat to be measured with the environment takes
place via a well-defined heat conduction path with given thermal resistance. The primary
measurement signal is a temperature difference which is related to enthalpy change in the
sample using calibration experiments. In commercial heat flux differential scanning
calorimeters, the heat exchange path is realized in different ways. The most important

fundamental types are the disk-type, the turret-type and the cylinder-type measuring systems.
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Fig. 2.24. Schematic representation of a heat-flux DSC with disk-type measuring system: 1 —
disk, 2 — furnace, 3 — lid, 4 — differential thermocouple(s), 5 — programmer and controller, S —
crucible with sample substance, R — crucible with reference sample subgtanedeat flow

rate from furnace to sample crucibiezr - heat flow rate from furnace to reference sample
substance, p— measured heat flow rate, K — calibration factor.
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In case of disk-type measuring system the main heat flow from the furnace to the samples
passes symmetrically trough a disk of medium thermal conductivity (Fig. 2.24). The samples
(or the samples containers) are positioned on this disk symmetrical to the centre. The
temperature sensors are integrated in the disk which can be made from metal, quartz glass or
ceramic.

The characteristic feature of the turret-type measuring system is that the essential heat flow
passes from the bottom of the furnace through the jacket of two thin-walled cylinders to the
top of them which serve as sample and reference sample support.

For the case of the cylinder-type measuring system, a block-type cylindrical furnace is
provided with two cylindrical cavities, each containing a cylindrical, fixed sample container,
which is connected with the furnace or directly with the other container by means of several
thermocouples.

The differential scanning calorimetry cannot identify the type of liquid crystal phase, but the
level of the enthalpy change does give some information about the degree of molecular
ordering within the mesopha¥%é.

X-ray diffraction

X-ray diffraction is the most useful technique in investigating the microscopic structure of
liquid crystals. This technique will map the positions of the molecules within the phase and
hence determine the phase structure and classification to which the particular phase belongs.

However, to maximize information, aligned samples are needed.
Miscibility studies

Liquid crystal phases present in novel compounds can be identified and classified by
miscibility studies. The material with unknown mesophase is mixed with a known material
that possesses mesophases that have been already identified. If a particular mesophase of the
unknown material is completely miscible with a known mesophase of the known material,
then it can be concluded that the two phases of each compound are identical and belong to the

same miscibility group.
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3. RESULTS AND DISCUSSION |

The present chapter is divided in two subchapters. The first one offers details concerning the
syntheses of a number of new regiochemically defined inositol derivatives, while the second
one presents the physical properties with regard to liquid crystalline mesomorphism as well as

the solution/surface activity in aqueous solution.

3.1. Syntheses

3.1.1. Protective group strategies with respect to myo-inositol

When a chemical reaction is to be carried out selectively at one reactive site in a
multifunctional compound, other reactive sites must be temporarily blocked. Many protective
groups have been, and are being, developed for this purpose. A protective group must fulfil a
number of requirements: it must react selectively in good yield to give a protected substrate
that is stable to the projected reactions; it must be selectively removed in good yield by
readily available, preferably non-toxic reagents that do not attack the regenerated functional
group; should form a crystalline derivative that can be easily separated from side products
associated with its formation or cleavage; should have a minimum of additional functionality
to avoid further sites of reactioR’!

The well-established protecting group chemi3t?' of myo-inositol {) mainly consists of
selective acetalization, etherification, esterification, and the respective deprotection reactions.
The main factor for the synthetic differentiation of the dissimilar ring positionsyo-

inositol (1) is the axial hydroxyl function at the 2-position. On one hand, this leads to the
formation of cisannealed 6-ring/5-ring acetals which are energetically favoured over the
respectivetransannealed structures and on the other hand, the axial or the equatorial
hydroxyl functions can be distinguished by their accessibility and reactivity.

Subsequent application of such protecting group strategies allows specifically addressing and
modifying the different ring positions imyo-inositol. Exemplary, Scheme 3.1 presents a

number of possible strategies which are described more detailed later in the present work.
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Scheme 3.1. Protective group strategies for selective substitution of the hydroxyl function in
myo-inositol (R — any substituent).

3.1.1.1. Synthesis of 1,4,5,6- tetr@-benzyl-myo-inositol (rac-6)

In order to functionalise the position 1 and/or position 2 from the inositol ring, it is necessary
at first to synthesize the 1,4,5,6-te@abenzylimyo-inositol (ac-6). For this purpose the
desired free hydroxyl groups have to be selective protected. Therefore the hydroxyl groups
from C; and G were protected by acetalisation with cyclohexanone. The four free remaining
hydroxyl functions were subsequently benzylated and finally the acetal was hydrolized to give

rac-6 (Scheme 3.2).
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Scheme 3.2. The synthetic route towards 1,4,5,6-tetbeenzylmyo-inositol (ac-6):
a) cyclohexanone, p-TsOH, toluene, 170 °C, 80%; b) BnCl, KOH, 100 °C, 80%;
c) acetic acidp@, 100 °C, 98%.

For the synthesis of 1@-cyclohexylidenemyo-inositol (ac-11), myo-inositol {) was
refluxed for 6 hours with cyclohexanone in toluene pftdluene sulfonic acid monohydrate

as catalyst with continuously separation of formed water using a Dean-Stark separator. To
use only a small amount pftoluene sulfonic acid as catalyst is important because in larger
concentrations it promotes the self-condensation of the cyclohexanone. Using a big excess of
cyclohexanone, a mixture of di- and triketals together with the desired monocyclohexylidene
derivative is formed, but these by-products could mildly be hydrolyzed to the desired
monoketal by addition of ethanol. The acetat-11 was obtained by recrystallization from
ethanol with a yield of 80% (IIt® 82%).

The next step is the protection of the remaining hydroxyl functions as benzyl ethers leading to
1,4,5,6-tetrad@-benzyl-2,30-cyclohexylidenemyo-inositol (ac-12). For this aim, the tetraol
rac-11 was heated with benzyl chloride and potassium hydroxide for 20 hours at 100°C. The
desired rael2 was obtained after recrystallization from methanol in 80% vyield'{lit4% ).

The final step for achieving the 1,4,5,6-te®@denzylmyacinositol (ac-6) resides irrac-12
hydrolysis which was performed by heating with acetic acid and water at 100 °C for 2.5 hours

with a yield of 98 % (lit>” 84%) followed by recrystallization from methanol.
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3.1.1.2. Synthesis of 1,3,4,5,6-pen@benzyl-nyo-inositol (7)

In order to selectively attach a substituent to the hydroxyl at position 2 ofytbenositol
ring, all the other 5 hydroxyl functions should be protected. One of the possibilities to achieve

this goal is the synthesis of 1,3,4,5,6-peBthenzylmyo-inositol {) (Scheme 3.3).

OH
BnO OH BnO
a BnO
o e T o
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rac-6 7

Scheme 3.3. Selective synthesis of 1,3,4,5,6-p@abenzylmyacinositol (7):
a)l. EBnO, MeOH, reflux; 2. BnBr, CsF (1.3 eq), DMF, toluene; 90%.

The regioselective manipulation of hydroxyl groups via stannylene derivatives has been
already applied in carbohydrate chemistry since many years and is noteworthy because it
accomplishes the regioselective activation of a specific hydroxyl function e.g. the equatorial
hydroxyl of a six-membered ringjs-1,2-diol'®® The origin of the activation is not yet clear

but structural evidence including X-ray data point to dimeric (or oligomeric) stannylene
structures in which the tin atoms are in the centre of a trigonal bi-pyramid with the butyl
groups occupying the two equatorial positions (Scheme 3.4). The more electronegative of the
two oxygen atoms occupies the apical position and is co-ordinated to only one tin atom
whereas the less electronegative oxygen is ensconced i¥Oa I8idge and is therefore co-
ordinated to two tin atoms. Thus the observed regioselectivity is a consequence of a selection
of a particular pair of hydroxyl functions for stannylene formation followed by orientation of

the more electronegative oxygen in the apical position, which is intrinsically more ré&k¢tive.

Scheme 3.4. Dimeric structure of stannylene derivatives of 1,2-diols.



3. RESULTS AND DISSCUSION | 45

To synthesize 1,3,4,5,6-pertabenzylmyo-inositol 7), the first step consisted in refluxing
1,4,5,6-tetra@-benzylmyo-inositol fac-6) with dibutyltin oxide in dry methanol for 3 hours.
After evaporation of the solvent, the resulted crude mixture was dissolved into a 1:1 mixture
of DMF and toluene and reacted with benzyl bromide and CsF to afford the desired 1,3,4,5,6-
pentaO-benzylmyo-inositol 7) with 90% (lit**! 96%) yield.

3.1.1.3. Synthesis of 1,3,6-myo-inositol orthoformate (8)

In the last decade, protection of the hydroxyl groups at positions 1, 3, amdy®-ahositol as

the corresponding orthoester has frequently been used. This is mainly because orthoesters of
myo-inositol can be easily obtained in gram scale as a single product.

The formation of the 1,3,5-orthoester rafo-inositol involves inversion of the inositol ring
(Scheme 3.5). Consequently, this orthoester has five oxygen atoms in axial positions and an
oxygen atom in the equatorial position with respect tartge-inositol ring. Thenyo-inositol
orthoester is in fact a highly functionalized adamantane. Three of the carbon atoms in
adamantane are replaced by three oxygen atoms<C{@Gnd G oxygen atoms of the inositol

ring) and three of the methylene groups of adamantane are hydroxylat€d &ad G of the

inositol ring). This results in an analogue of the adamantane molecule, which has two pairs of
1,34rans hydroxyl groups and one pair of 1¢& hydroxyl groups.
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Scheme 3.5. Synthesis of 1,3Bmyo-inositol orthoformateq):
a) CH(E4Q)-TsOH, DMF, 100 °C, 80%.

The 1,3,50-myaoinositol orthoformate &) was prepared by heating wiyo-inositol {) with
triethyl orthoformate ang-toluenesulfonic acid in dry DMF at 100 °C. The desired product
was isolated by column chromatography in 80% vyield®fift!! 80%).
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3.1.1.4. Synthesis of 1,2:4,5-d)-cyclohexylidenemyo-inositol (rac-9)

To selectively functionalize the hydroxyl groups from positions 1 or/andmryotinositol, it
would be necessary to protect the other four hydroxyl groups. This aim could be achieved by

a one step synthesis of 1,2:4,5cleyclohexylidenemyainositol (ac-9) (Scheme 3.6).

Scheme 3.6. Synthesis of 1,2:4,5@leyclohexylidenemyo-inositol (ac-9):
aB, p-TsOH, DMF, 100 °C, 30%.

Treatment ofmyo-inositol {) with 1-ethoxycyclohexen€l) and a catalytic amount @f
toluenesulfonic acid in dry DMF produced a mixture of three derivatives: 1,2:3,4-, 1,2:4,5-,
and 1,2:5,6-d©-cyclohexylidenemyo-inositol in yields of 20, 30 and 35%. The desired
1,2:4,5 derivativer@c-9) can be easily separated from the mixture by crystallization whereas

column chromatography is necessary to separate the other two deriafitles.
3.1.1.5. Synthesis of 1,6:3,4-bi3-(2’,3'-methoxybutane-2’,3’-diyl)-myo-inositol (10)

The application of the butane-2,3-diacetal (BDA) protecting group for the selective protection
of transl1,2-diols in various monosaccharide derivatives was first demonstrated by
Montchamp et d@* These authors also reported the first synthesi® ofi a 1 g scale by
acidic-catalysed reaction afyo-inositol with 2,2,3,3-tetramethoxybutane (TMB) in refluxing
methanol for 135 h in the presence of trimethyl orthoformate as a dehydrating agent. It was
later showff® that the BDA group could be introduced into a variety of polyols using cheap
and commercially available butane-2,3-dione instead of TMB. Pottef%treported that, in
addition to the symmetrical didl0, a second major product also results from the acid-
catalysed reaction of butane-2,3-dione wittyo-inositol: namely the asymmetrical-
1,6:4,5-bisO-(2’,3'-dimethoxybutane-2’,3’-diyl)myo-inositol (x) 14 (Scheme 3.7).
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Furthermore, it was found that long reaction times would give better yield®fbut led to
the gradual accumulation of a less polar by-product, which is difficult to remove. For large-

scale production of 10 therefore it was preferable to use moderate reaction times (¥6L96 h).

(_)M?3 OMe

+
\\\\“ I
OMe © OMe

26%

Scheme 3.7. Application of BDA protection of 1,2-diols on myo-inositol:
a) HC(OMe}, MeOH, CSA, butane-2,3-dione.

Refluxing myo-inositol 1) with trimethyl orthoformate, butane-2,3-dione and a catalytic
amount of camphor sulphonic acid in methanol for around 40 hours, the symmetd® diol
was obtained with 26% vyield. The modest yield is acceptable considering the low cost of the
starting materials, convenience of the method, and ease of isolation. Becauselfiéhdoh

very low solubility in methanol, while the other major prodtdt and various minor by-
products at this stage are all soluble, the product is simply filtered off from the cooled

reaction mixture and dried.
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3.1.2. Synthetic strategies towards myo-inositol derivatives

3.1.2.1. Synthesis of ©O-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-19)

Rac19 is the first representative of a new class of inositol-based surfactants that combine the
properties of classical sugar surfactants and oligo(ethylene oxide) alkyl surfactants.

lts synthesisstarts with a Williamson etherification of triethylene oxide, analogue {&!lit.

For this purpose, triethylene oxides) were stirred for 1 hour at 100 °C with 50% agq NaOH
followed by the dropwise addition of dodecyl bromide. The reaction was allowed to proceed
for 23 hours at 100 °C. After the required work-up and purification, the triethylene oxide
monododecyl etherlf) was obtained with 82 % yield and subsequently tosyi3tedith p-

tosyl chloride and 17% aq NaOH in THF at 0 °C for four hours. The tosylated triethylene
glycol monododecyl ethefl{) was obtained in 85% yield (Scheme 3.8).

HO H 3 HO CioHas |, TsO Ci2Has
0] — 0] —_— O
3 3 3
15 16 17

OH OH
BnO BnO
C
BnO ——>» BnO
BnO OH BnO 0\(/\ a/Cmst
(6]
OBn OBn 3
rac-6 rac-18
OH
HO
d HO
> HO 0\(/\ ﬁ,Cmst
(6]
OH 3

rac-19

Scheme 3.8. Synthesis mdc-19:
a) GH2sBr, NaOH 50% aq, 100°C, 82%; b) p-TsCIl, NaOH 17% aq, THF, 0 °C, 85%;
c) 1. BuSnO, MeOH, reflux; 2. 17, CsF, DMF, rt; 50%; d), iRd/C (10 mol%),
MeOH, EtOAc, 90%.

The next step consists of the regioselective combination of the two building blacisand

17. This step was realized by refluxirag-6 for three hours with dibutyltin oxide in methanol
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followed, after evaporation of the solvent, by the addition of tosy&ten presence of
caesium fluoride in dry DMF, and stirring at r.t. for 48 hours. After the necessary work-up
and purification, the protected rd@ was obtained in 50% vyield (Scheme 3.8).

The new derivativeac-19 was produced after deprotection by hydrogenolysis under pressure
(~ 8 bars) with 10 mol% Pd/charcoal, which gaae 19 in 90% yield (Scheme 3.8).

The desired 13-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethylinyo-inositol (ac-19) was

obtained in seven steps starting from rAnasitol with an overall yield of 20%.
3.1.2.2. Synthesis of B-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol (21)

In order to study the influence of regiochemical position of the attached alkyl-triethylene
oxide chain tanyo-inositol ring with regard to mesomorphism and surface activity, a further
new derivative Z1) — in which the sidechain is attached to the hydroxyl group at the 2-
position (the axial) omyo-inositol — was synthesized in eight steps starting fngarinositol

in 31% overall yield.

To arrive at this compound, the 1,3,4,5,6-pebthenzylatednycinositol 7 was reacted with
tosylatel? in the presence of NaH (55-65% in mineral oil) and dry DMF to give the protected
20 in 90% vyield. This intermediate was subsequently deprotected in presence of hydrogen
(pressure ~ 8 bars) and Pd/charcoal to cleave the five benzyl ethers and to give th@Hesired
in 88% vyield (Scheme 3.9)

OH 0 CigHos
BnO BnO (0] 3

a
BnO —» BnO
BnO OBn BnO OBn
OBn OBn

7 20

0 Ci2Has
HO, \é/\o
b 3
. HO

—_— HO OH

OH
21

Scheme 3.9. The last two steps from the synthesis of the meso derivative 21
ay, NaH, DMF, rt, 90%; b) K Pd/C, MeOH, EtOAc, 88%.
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3.1.2.3. Synthesis of O-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-26)

Another possible isomer ofc-19 would berac-26 in which the alkyl-triethylene oxide chain

is attached to the hydroxyl group of position 4rgfo-inositol ring.

As it was previously mentioned (subchapter 3.1.1.3)nthe-inositol orthoesteBj is in fact

a highly functionalized adamantane. The rigidity of the adamantane frame-work and the
presence of six oxygen atoms in the molecule impart unusual chemical and physical
properties onmyo-inositol orthoesters and its derivatives. This orthoester naso
configuration and hence two of the hydroxyl groups 46d G) are chemically equivalent.

The G and G hydroxyl groups form a strong intramolecular hydrogen Bo48 (Scheme

3.10) as a result of which, one of these hydroxyl groups is more acidic thap hiydrGxyl

group. Hence bases that can deprotonate the more acidic hydroxyl groopGg} result in

the formation of the corresponding ani@3 which is also stabilized by intramolecular
hydrogen bonding with the other axial hydroxyl group. When the metal hydrides are used as
bases, the resulting alkoxide at thedC the G hydroxyl group is stabilized by chelatioR4(

with thecis-hydroxyl group. As the result of these intramolecular interactions, selective mono

functionalization of one of the 1@s-hydroxyl groups or the £hydroxyl group can be

achieved’™
H H H
OJVO O/IVO OJVO
0 0 o)
Ho-\ ] Ho-\ ] Ho-\ ]
H—O 0 —
.0 | .0 BH' H ? .0
H” H™™ M*
22 23 24

Scheme 3.10. Intramolecular interactions in myo-inositol orthoester

Alkylation of myainositol orthoformate8 with the tosylatel7 in presence of NaH and dry
DMF results in formation of the corresponding &her25 in 62% yield. The final step is the
hydrolysis of orthoesteR5 by refluxing it with methanol and 6M HCI for four hours to

achieve rae26 in 83% yield after purification (Scheme 3.11).
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OH
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— —_— C12Ha2s (0]
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CqoH
OH o) 12125
8 25 \é/\oa/ rac-26

3

Scheme 3.11. The last steps of synthesis28rac
a) 17, NaH, DMF, rt, 62%; b) MeOH, HCI 6 M, reflux, 83%

The new isomertac-26, could be obtained in five steps starting fromyo-inositol with an

overall yield of 30%.

3.1.2.4. Synthesis of 10-dodecyl-40O-[2'-[2"-[2"-(hydroxy)ethoxy]ethoxy]ethyl]- myo-

inositol (rac-32)

In order to study and compare the influence of the molecular arrangement of the
oligo(ethylene oxide) and sugar units on mesomorphism and surface activity, a new inositol-
based derivativergc-32) was synthesized which has the alkyl chain attached to the hydroxyl
group from position 1 and the triethylene oxide unit attached to hydroxyl group from position
4. The surfactantac-19 represents the sequence inositol-triethylene oxide—dodecyl chain,
while rac-32 represents the “inversed” sequence, triethylene oxide—inositol-dodecyl chain.
This “inversion” of the building block results in interesting differences with regard to physical
properties, as it will be presented in chapter 3.2.

As the synthesis afic-19, the synthesis ohic-32 begins with the corresponding preparation

of the triethylene oxide building block. For this purpose, the triethylene d&deas first
protected at one end by etherification with benzyl chloride and 50% agq NaOH for 19 hours at
100 °C to give the monobenzyl ethe? in 65% vyield (lit*™! 60%). The protected
triethylene oxide 27 was next tosylated by reaction with p-tosyl chloride and 17% aq NaOH at
0 °C to give the desired tosylate 28 in 85% yield (Scheme 82).

Ho\é/\ %H a Ho\é/\ 9/‘3“ b Tso\é/\ a/Bn
O3 073 073
15 27 28

Scheme 3.12. The synthesis of tosylate 28:
a) BnCl, NaOH 50% aq, 100°C, 65%p#l)sCIl, NaOH 17% aq, THF, 0 °C, 85%;
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OH
C12H250
d HO
> HO OH
0 H
e
3
rac-32

Scheme 3.13. The synthesis of the “inverse™-8c
a) GoHosBr, NaH, DMF, rt, 65%; b) 28, NaH, DMF, rt, 90%;
c) H, Pd/C, MeOH, EtOAc, 98%); d) acetic acidi@® reflux, 70%.
The synthesis continues with the attachment of the alkyl chain to the protected a@s#ol
via an alkylation with dodecyl bromide in presence of NaH suspended in dry DMF to give
rac-29 in 65% vyield. The next step consists of an alkylatioraof29 with the monobenzyl
ether 28 in presence of NaH/DMF to giveac-30 with 90% vyield. This compound was
subsequently deprotected first by Pd/charcoal catalyzed hydrogenolysis to cleave the benzyl
ether (98% yield) and secondly by hydrolysis of the cyclohexylidene acetals by refluxing with
a concentrated aqueous solution of acetic acid to finally give the new inositol-based derivative
rac-32 in 70% yield (Scheme 3.13).
The new derivativeac-32 was obtained in seven steps starting frago-inositol with an
overall yield of 8%.
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3.1.2.5. Synthesis of B-dodecyl-50-[2'-[2"-[2"-(hydroxy)ethoxy]ethoxy]ethyl]- myo-
inositol (36)

For the purpose of studying the influence of molecular symmetry on physical properties like
solubility, mesomorphism or surface activity, a new inositol-based derivad&g Was
synthesized starting from myo-inositol in seven steps in 7% overall yield.

The selective alkylation of the hydroxyl group a With dodecyl bromide in presence of
NaH and DMF generated the desired monoalkylated intermediate with 40% vyield, whereas
the further alkylation with tosylat28 and NaH in DMF afforde@4 in 70% yield (Scheme
3.14).

OH OH )

073
o X oow ot N oo o ow VT
- 0O - a > - b = =
W ol Wh ov oy Y ov 24 X4
OMe OMe OMe OMe OMe OMe
OH OC4oHys5 OC15Ho5
10 33 34

o{\/\o%/"' o\e/\oa;"'

OMe OMe
=0 0= HO OH
c d
— > —_—
\Y ‘7
\N o “U“Ioy 7 HOW “IoH
OMe OMe
OC12H2s OC12Has
35 36

Scheme 3.14. The synthesis of the symmetric derivative 36:
a) CioH2sBr, NaH, DMF, rt, 40%; b) 28, NaH, DMF, rt, 70%;
c) K, Pd/C, MeOH, EtOAc, 98%; d) TFA,.B, DCM, rt, 93%.

The next step is the cleavage of the benzyl ether via hydrogenolysis with Pd/charcoal catalyst
to give 35 in 98% yield. The cleavage of the BDA protection groups, as the last step of this
synthesis, was achieved in presence of an aqueous solution of trifluoracetic acid and DCM
and gave the desired compound 36 in 93% vyield (Scheme 3.14).
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3.1.2.6. Synthesis of B-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]-5- O-dodecyl-myo-
inositol (38)

In order to study the influence of the hydrophilic-hydrophobic ratio on various physical
properties of inositol-based surfactants, a number of new derivatives were synthesized. In all
derivatives presented up to this poiracf19, 21, rac-32, 36) the hydrophilic—hydrophobic

ratio was 2:1, which means two hydrophilic head groupgofinositol and triethylene oxide
units) and one hydrophobic tail (the dodecyl chain).

A derivative which presents a hydrophilic-hydrophobic ratio of 23Bjswhich contains two
hydrophilic head groupsr(iyo-inositol and triethylene oxide units) and two hydrophobic tails
(dodecyl chains). The synthesis 8 counts six steps starting fromyo-inositol and was
realised in 8% overall yield.

The last two steps of this synthesis comprise of an alkylation and a cleavage of the BDA
protection groups. The alkylation 88 with the corresponding tosylat& was done in the
presence of NaH/DMF leading 8 in 82% yield. The cleavage of BDA protection groups
was achieved in the presence of an aqueous solution of trifluoracetic acid and DCM and gave
the desired 38 in 95% yield (Scheme 3.15).

C1oHos CioH
OH O\é/\oa; O‘(‘/\Oi 12H25
oM OMe
T a b
_» _»
VAW "/o: I"’ \“I o\ "/oj I"’/ HO\ "'I0H
OMe OMe OMe OMe
OC12H25 OC12H25 OC12H25
33 37 38

Scheme 3.15. Completion of the synthesis of compound 38:
a) 17, NaH, DMF, rt, 82%; b) TFA, @, DCM, rt, 95%

3.1.2.7. Synthesis of 1,2-bi®-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-40)

A hydrophilic—=hydrophobic ratio 3:2 can be achieved by synthessm40, its molecule
containing three hydrophilic head groups (ongo-inositol and two triethylene oxide units)
and two hydrophobic tails (dodecyl chains). The synthesia®fl0 has seven steps starting

from myo-inositol and was realised in 21% overall yield.
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Scheme 3.16. Completion of the synthesis of4ac
a) 17, NaH, DMF, rt, 51%; b) HPd/C, MeOH, EtOAc, 95%.

The remaining free hydroxyl groups riac-6 were alkylated with the tosylafe&’ in presence

of NaH/DMF leading to a mixture of mono- and di-substituted compounds from vdue3D

was isolated in 51% vyield. The cleavage of the benzyl ethers was realized by hydrogenolysis
under pressure (~ 8 bars) with 10 mol% Pd/charcoal catalyst to give the desired derivative
rac-40 in 95% yield (Scheme 3.16).

3.1.2.8. Synthesis of 1,4-bi®-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-42)

The position of the twdD-attached alkyl-triethylene oxide chains at thgo-inositol ring

could create major differences in various physical properties. In this way a new possible
derivative which has the hydrophilic—hydrophobic ratio 3rae-42 —can be achieved in five
steps in 10% overall yield.

For this purpose, the corresponding proteated9 was treated with the tosylafie’ and
NaH/DMF to giverac-41, after work-up and purification, in 50% yield. The last step consists
of the cleavage of the cyclohexylidene acetals which was realized by reflux with a
concentrated aqueous solution of acetic acid to olotan4?2, after a tedious purification, in
74% yield (Scheme 3.17).
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CQHZXO\/?\ 0

rac-9 rac-41

rac-42

Scheme 3.17. The last two steps of the synthesis efi2ac
a) 17, NaH/DMF, rt, 50%; b) acetic acid;® reflux, 74%.

3.1.2.9. Synthesis of 2,5-bi®-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-
inositol (44)

The last synthesized derivative which has the hydrophilic—hydrophobic ratio 3:2nse#ue
compound44 which has two alkyl-triethylene oxide chains attached at the hydroxyl groups

from G, and G.

CioHas CyoH
% O\(‘/\O/)é 12H2s
OMe OMe OMe
T- © T G : OH
OMQ\\\ "o won "o I HOW “loH
o C12H25 0 CqoH
\V\O% \é/\oa; 12H2s
43 44

Scheme 3.18. The last two steps of the synthesis of compound 44:
a) 17, NaH, DMF, rt, 50%; b) TFA, 4@, DCM, rt, 53%.

For this purpose the BDA protected inosit6l was treated with the corresponding tosylate

in the presence of NaH/DMF to affod® in 50% yield followed by the cleavage of the BDA
protection groups with aqueous trifluoracetic acid and DCM to achieve the final compound 44
in 53% yield after purification by flash chromatography and recrystallization, (Scheme 3.18).

The synthesis of 44 was completed in five steps in 7% overall yield.
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3.2. Physical properties

This section comprises studies regarding thermotropic and lyotropic mesomorphism displayed
by the new synthesized inositol-based derivatives as well as their solution properties and
surface activity in aqueous media. The assignment of different types of mesophases was
achieved by polarization microscopy (PM) and differential scanning calorimetry (DSC). The
solution properties were described using surface tension measurements in agueous solutions,
total internal reflection (TIR) Raman spectroscopy and self-diffusion NMR experiments
(DOSY).

The surface tension measurements were performed in collaboration with the research group of
Prof. Dr. Cosima Stubenrauch at University College Dublin, School of Chemistry and
Bioprocess Engineering, Ireland, and were carried out by Dipl. Chem. Valeria Gartner, Dr.
Sandeep Patil and myself.

Total internal reflection (TIR) Raman spectroscopy measurements were performed in
collaboration with research group of Prof. Dr. Colin Bain at University of Durham, United
Kingdom, and were carried out by Dr. Eric Tyrode and Dr. Scott Shaw.

The self-diffusion NMR experiments (DOSY) were performed at Universitat zu Koln, Institut
fur Organische Chemie.

In this chapter some abbreviations as, €; orl; were added. This abbreviations stand for:

Ci2 = dodecyl chain, £= triethylene oxide unit,11= one mycinositol unit. In order to
simplify the description of connections between the hydrophilic head group and the
hydrophobic tail every compound is addressed as well using these abbreviations. For
example:rac-19 (1-Ci2E3l;) means that dodecyl chai;) is connected with triethylene

oxide E3) to the hydroxyl group from position 1 of one migositol ring ( 1).

3.2.1. Thermotropic mesomorphism

The most common thermotropic mesophase displayed by carbohydrate liquid crystals is the
smectic A phase. This phase requires comparable space demands of the sugars and the alkyl
chains. Nearly all monoalkylated carbohydrates exhibit this phase as a thermotropic
mesophase. Moreover, sugars with two alkyl chains will give a thermotropic columnar phase,
since the two alkyl chains need more space than the sugar moiety. This creates a curvature of
the separation plane which is bent to a cylinder. The cylinders are “filled” with the sugars and

are surrounded by the alkyl chains. The cylinders themselves are arranged in the best way of
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packing, i.e. in a hexagonal lattice. If one molecular part is more dominant, a discontinuous

cubic phase is formé&!

With few exceptions, the mesomorphic behaviour of the newly synthesized inositol-based

derivatives follows these features. The phase transition data of different types of inositol-

based liquid crystals are presented in the Tables 3.1, 3.2, 3.3.

Table 3.1. Phase transition data of the amphiphilic inositol derivatives of tyglCand

Pentol | Ci| [Cr, | M I
(1r_aci'2153|1) * | 81/80.1(43.3)| - - SmA 153/153.1 (0.5)| 1
(2-Cil|53|1) . -/51.8 (23.0)| | -/149.0 (29.6){M1 | - /147.1 (0.7)} *
(45?3(1:;31) « | 85/ - - SmA| 159/- .

(l_é‘i‘j'l‘)‘[?l,lz] . | 124/127.6 (32.0) - i SmA| 221/221.7 (1.8) | |
(Z_Clj?)m,lz] . | 22012235 (48.8) - i (M1 | 215/216.7 (6.6)) *
e |+ | 14711502 (29.1) - : SmA | 216/216.3 (18) | |

Temperatures in °C; polarizing microscopy/differential scanning calorimetry: PM/DSC; enthalpies (kJ
mol™) in brackets; heating rate 5 K mirCr: crystalline, M: thermotropic mesophase, SmA: smectic

A, M; a monotropic mesophase most probably of a smectic type, I: isotropic liquid.
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HaM/O Ci2Ha2s H%M/O\
O C12Hos
OH 3 OH
rac-19 (]-C]2E3I]) rac-45 (I-C]zl])
0 CioHos 0
HO \é/\ot HO CipHos
"o OH Qo OH
OH OH
21 (2-C12E3I|) 46 (2-C12]])
OH OH
HQO HO
%O\/é\o CizHas <
Ci12Has 3 HO OH (|).|o OH
OH OH
7"610-26 (4-C|2E3I|) 700-47 (4-C12[1)

Fig.3.1. Derivatives of type GEsl; and Gal;.



3. RESULTS AND DISSCUSION | 59

For the sake of comparison, the data for the ethoxylated inositol derivatives are presented
together with the similar inositol derivatives in which the triethylene oxide unit is lacking
(Fig. 3.1). As can be seen, the ethoxylated inositol derivata®49 (1-C,.E3l;) andrac-26
(4-Cy2E3l4) display the same thermotropic behaviour as the non-ethoxylated system$ (

and rac-47) presenting a smectic A (SmA) mesophase (Fig 3.2, 3.3), but the melting and

clearing temperatures decrease significantly by introducing the triethylene oxide chain.

(a) 153.1
e - I
SmA
(b)
80.1
T T T T T T T T T T T T T
0 50 100 150 200 250 300

Temperature, °C

Fig. 3.2. (a) DSC curve (heating); (b) PM: the oily streak-like texture of the thermotropic
SmA phase of rad 9 (1-Cy2Esl,) at 90°C.

Fig. 3.3. PM: the oily streak-like texture of the thermotropic SmA phase
of rac-26 (4-GEsl,) at 103 °C.

In general, axial functional groups weaken the stability of the mesophase exhibited by inositol
derivatives. The more symmetric such a monoether derivative with respect to its functional
groups, the lower its tendency to exhibit a mesophase of the above mention€d Type.
axial derivative21 (2-Ci2E3l;) does not exhibit an enantiotropic SmA but a monotropic
mesophase most probably of smectic type. Fig. 3.4 presents the DSC curves for heating (a)
and cooling (b) for the axial derivative together with PM photography of the isotropic phase
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at ~ 148 °C by cooling when it was possible to observe the presence of batonnets which led to

idea of a monotropic phase of a smectic type.

a) r-_-._—-Y—\ —
I

Crl Cr2

o J

(b)
T T T T T T T T T T T
0 50 100 150 200 250
Temperature, °C

Fig. 3.4. DSC curve (a) heating, (b) cooling; (c) PM: the appearance of batonnets
for 21 (2-C12E3|1) at ~ 148 °C.

No thermotropic liquid crystalline properties could be detected for derivatives of {yhEsC
(Fig. 3.5) which represents the inversed situation in which the triethylene oxide is connected
as the terminal hydrophilic head group having an unsubstituted hydroxyl group at the end.

The phase transition data of the derivatives of this type are presented in Table 3.2.

o oAby

C2H250 HO 3
HO HO
HO ‘ﬂ OH CisbnsO OH
o] H OH
\6/\0
3

rac-32 (l-C1211E3) 36 (2-C|2]|E3)

Fig. 3.5. The structures of the {GE; type derivatives.
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Table 3.2. Phase transition data of derivatives of typ&£L

Tetrol | Cr| K
rac-32 (1-Go1iEs) | » | 80/80.6 (38.92) }
36 (2-Gil1Es) | + | 174/173.7 (46.4)

Temperatures in °C; polarizing microscopy/differential scanning calorimetry: PM/DSC; enthalpies (kJ
mol™) in brackets; heating rate 5 K mirCr: crystalline, I: isotropic liquid

It seems that the presence of a terminal triethylene oxide unit disturbs the hydrogen bond
network in such a way that it does not allow the initiation of stable aggregates which enable
the formation of thermotropic liquid crystalline phases.

By attaching an additional alkyl-triethylene oxide chain to mmgo-inositol ring as it is
realised in compounds of type¢Es).l1, the mesomorphic behaviour changes depending on

the position of the substituents.

The phase transition data of the newly synthesized diethers are presented in Table 3.3 together
with the data for the similar compoufidsin which the triethylene oxide unit is missing (Fig.

3.6).

0 CqoH 0
HO \é/\ot 12M125 HO SCgHq7
HO HO
Ho o\é/\o)/Cmst HO O\CSHW
OH 3 OH
rac-40 [1,2-(C,E3), 1] rac-48 [1,2-(Cg),1]
0 CgH
C12H25/€ \/i\o i T "
HOS OH "2 OH
o} Ci2Has 0o
~
o
rac-42 [1,4-(C,E;) 1] rac-49 [1,4-(Cg),1,]

\é/\ a,Cmst

44 [2,5-(Cy,Ez),]]

Fig. 3.6. Derivatives of type (@E3).l1 and (G)2l;.
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Table 3.3. Phase transition data of derivatives of typeH{»l1 and (G)2l1

62

Tetrol | Cr | | Cn, | | M | | M | K
rac-40 . 16/14.8 i i cub 26/24.4 Col 46/45.4 .
1,2(GisEa)olt (34.08) (0.78) " (0.46)
rac-42 | . | 20158 | . | 57573 | _ _ _ .
1,4(GisEs)ol (33.1) (70.9)
44 | 43/42.4 | _ | 110/1088 | _ _ _ I
2,5(GisEa)ol (38.68) (44.07)
rac-48 102/101.8 131/131.7
1,2(G)ol™ | * | (20.8) | - i Coh| "oy | - -
rac-49 139/141.2 168/170.1
1LAGLIY | * | (288) | - ] SMA| 05y | T -

Temperatures in °C; polarizing microscopy/differential scanning calorimetry: PM/DSC; enthalpies (kJ
mol™) in brackets; heating rate 5 K MlinCr,, Cr,: crystalline, M: thermotropic mesophase, SmA:
smectic A phase, Gplhexagonal columnar phase, Cub: cubic phase, I: isotropic liquid.

The first remarks are the dramatically decreased melting and clearing temperatures in the

presence of the triethylene oxide between the alkyl chain and myo-inositol ring.

Most often, mesogenic molecules of the peg-shaped geometradid®d (1,2-(C2E3).l1) and

rac-48 (1,2-(G).l1) aggregate into columns which are arranged in a hexagonal lattice. As can

be seen from Table 3.3 and Fig. 3.7, derivata@40 (1,2-(C2E3),l1) exhibits a hexagonal

columnar mesophase as the similar derivata@48 (1,2-(G).l1) but additionally presents

also a cubic mesophase which appears homeotropic by polarized microscopy and which could

be detected by cooling down to low temperatures.

B

256 477

f v
[_V Col [

Cub—»
18.0

T T T T T T T T T T T T 1
-20 0 20 40 60 80 100

Temperature, °C

Fig. 3.7. (a) DSC curve (heating); (b) PM picture of-ddx(1,2-(G2E3)2l1)

at 33,4°C (cooling).
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An interesting feature appeared in case of the 1,4 disubstituted, ethoxylated deractie
(1,4-(G2E3)211) which was expected to exhibit a smectic A mesophase as does the similar
non-ethoxylated inositol derivativec-49 (1,4-(Gs)2l1)*%. However, this is not the caserc-

42 (1,4-(CoE3),l1) presents crystalline polymorphism (Fig. 3.8) but no thermotropic

mesomorphism.

Recrystallization

|

Cnp Cr2

15.8 57.c

-20 0 20 40 60

T
80

Temperature, °C

T 1
100 120

Fig 3.8. DSC curve for rad?2 (1,4-(G2E3)2l1).

As previously shown, high molecular symmetry in inositol derivatives appears to be

disadvantageous to the formation of mesophases. It seems that this is also the case for

derivative 44 (2,5-(G2E3)2l1) which shows crystalline polymorphism but no thermotropic
mesomorphism as can be also seen from the DSC curve (Fig. 3.9) as well.

Cn Crz
42.4

-

—

T T T T T T T
20 40 60 80

108.¢
1(I)O

T T 1
120 140

Temperature, °C

Fig. 3.9. DSC curve of derivative 44 (2,5:6E5)2l1).
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As concluding remarks, the appearance of a mesophase on heating of each of the ethoxylated
inositol derivatives seems to be determined by the relative molecular symmetry originating
from the different localization of the ether groups at the inositol core. From the study of
various liquid crystalline target compounds by polarizing microscopy and differential
scanning calorimetry it emerges that the occurrence, type, and stability of their mesophases
are clearly determined by the number, the position, and the stereochemical arrangement of

both the triethylene oxide group and the alkyl chains at the inositol ring

3.2.2. Lyotropic mesomorphism

The binary systems water — inositol-based derivatives were studied by polarizing microscopy
using so called penetration experiments for all new synthesized compounds. A complete
phase study with known concentrations at various temperatures was completed only in case of
rac-19 (1-GEgl,).["®

The samples for the penetration experiments were prepared by melting the crystalline
derivative between a microscope glass slide and a microscope cover glass. The samples were
cooled down to approximately 22°C. Water was then added at the edge of the smaller top
glass plate. By diffusion of water, a concentration gradient was created laterally between the
two glass plates and it was further studied by polarizing microscopy.

The binary system waterrac-19 (1-Cy2E3l1) was studied by polarizing microscopy and the
resulting phase diagram is shown in Fig. 3.10. Measurements with samples of known
concentration at various temperatures were made for concentrations less than ~60 wt %
surfactant. Sample preparation at higher concentrations was not possible due to the high
viscosity of the solution. To obtain additional information about the phase diagram for
concentrations higher than 60 wt % we used the contact preparation technique. Thus the
concentrations to which the readings belong are only rough estimates. The temperature
dependent measurements revealed that the phase behavior is not temperature sensitive within
the studied temperature range (23 to 70°C). Consequently it is justified to draw the vertical
phase boundaries for that temperature range as seen in Fig. 3.10. The phase diagram mainly
consists of an isotropic phase)lup to concentrations of about 35 wt % which is followed by

a hexagonal phase {Hrom ~ 40 — 57 wt %, and a bicontinuous cubic phasg ffgm ~ 80

— 85 wt %. The high concentration region above ~ 85 wt % shows a lamellar phada (L
between these single phase regions lie two phase regions where both adjoining phases

coexist’®
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Above 35 wt.-% all studied samples formed liquid crystalline phases over the whole studied
temperature range. In view of the fanlike textures seen between 40 and 57 wt % under crossed
polarizers, this phase can clearly be identified as a hexagonal liquid crygtalvtich is
followed by the optically isotropically appearing bicontinuous cubic phage Bdth of these

phases are much more viscous than the lamellar phgsevfiich follows in phase diagram at
higher concentratior&”

OH
OH
HO 0 HO
HO OH
H HO CqoH
OH o) %o o CioHas 127728
o) o o),
HO O\ OH 3
Ci2Has
Ol

n-dodecyl-B-maltoside (B-C1,G») rac-19 (1-Cy,E5l)) n-dodecyl- hexaethylene oxide (C,Eg)

100 I FC T —— .

90 Ci:G2 | CEyly i i 4/\/1 90 _Cleﬁ

80— 3 60 I I } W+Lj

70 I | S

i} 4 =) I 3

60 = 2 o 50 515 60
¢} PR L EE- R
< 50 2, 5 = t I B < A 1
= 40— Ly £ | + 8 Lg 13 8

3 13 40 E 5 115 = Ly

0] 2" L
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10 | | ! H;

I I
R B s T 2 | O L “il‘l Cr
o) 1 1 1
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9
wt-% surfactant a wt-% suffactant wt-% surfactant (C)
v

(d)

Fig. 3.10.Phase diagrams of the binary systems (a) watededecylf-maltoside SQZGZ)[W],
(b) water —rac-19 (1-Cy.E3l1), (c) water -n-dodecyl-hexaethylene oxide {£)!"®, and (d)
the texture of the system water rac-19 (1-Cy2Esl;) between crossed polarizers (from
penetration experiment).

For the sake of comparison the phase diagrams of the binary system (a) ndtetecylf-
maltoside B-Ci12G;) and (c) water -n-dodecyl-hexaethylene oxide {fEs) are presented
together in Fig. 3.1As can be seen, the phase diagram of watededecylf-maltoside §-
C12Gy) is as temperature-insensitive as the one of watac-29 (1-C;2E3l;). In the former,
two liquid crystalline phases are observed, namely the hexagop)aariH the lamellar (})
phase. In contrast to-dodecylf-maltoside B-C..G,) and rac-19 (1-Ci.Esly), the phase
behavior of the binary system water n-dodecyl-hexaethylene oxide {fEs) is very

temperature-sensitive. Three liquid crystalline phases are observed, namely a hexagonal (H
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a bicontinuous cubic (, and a lamellar phase{). In addition, a miscibility gap is observed

at higher temperatures and lower surfactant concentrations. The temperature insensitivity of
aqueous solutions of the maltoside surfactant is due to the strong hydrogen bonds between the
sugar units and water, which prevent a significant dehydration of the head group with
increasing temperature. On the other hand, the ethylene oxide units can be easily dehydrated
with increasing temperature as the interactions between water and oligo(ethylene oxide) are
much weaker (mainly weak dipole-dipole interactions). Assuming that the hydration of the
myo-inositol substructure is comparable to that of a glucoside head group, one expects an
“intermediate” behavior for the nevac-19 (1-C;2Esl1). This, however, is not the case. The
presence of the three ethylene oxide units obviously does not lead to a temperature-dependent
phase behavior, an observation that cannot yet be explained.

As will be explained later (subchapter 3.2.3.1) the isa2dgP-Cy,E3l;) has lower solubility

in water, a situation which has been met as well in other sugar-based surfactants with the
hydrophobic tail attached to an axial) (position. This is the reason why the lyotropic
mesomorphsim o1 (2-Cy2Esl;) is compared with the glucosidic analognectyl-o-D-
glucoside ¢-CsG;) (Fig. 3.11). The glucoside-CsG; has a Kraft boundary starting from 38

°C and increases with increasing surfactant concentration (the dashed line in Fig3.12 b)
There are micellar, hexagonal and lamellar phases present. The penetration experiment of the
binary system water 21 (2-C,,E;l1) revealed no lyotropic mesophase at 25°C but on heating

up to ~ 55 °C the sequence micellar — hexagonal — cubic — crystal was present. The optically
isotropically appearing zone between the hexagonal and crystal phase was established to be a

bicontinuous cubic phase because this phase is more viscous than an isotropic fluid.

OH
HO
HO HO
OH
OH O CgH
04’\/ i‘cmst o~
21 (2-CzEsLy) n-octyl-a-glucoside (a-CgGy)

Fig. 3.11. The structure of 21 (24E3l1) and n-octyle-glucoside ¢-CgGs)
in which the side chain is attached in axial position.
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Lig.+ Cryst.

2-C12E3| 1 Conc /wt% 50 | 2-C12E3| 1

(@) (b) (©)

Fig. 3.12. a) The penetration experiment of binary system waérn2-C,,E;l1) at 25 °C; b)
the phase diagrams of the binary systems wateroetyl-a-glucoside ¢-CsG1)P%, c) the
penetration experiment of binary system wate21+(2-C,.E;3l;) at 55 °C (Lam = lamellar
phase, Lig+Cryst = water in equilibrium with crystalline surfactant, and=2to-phase
region).

As it was mentioned above, the binary systean-19 (1-CioEsl1)) behaves more like the
maltoside-based surfactant and is insensitive towards temperature. It seems that this is not the
case for the binary system waterae-32 (1-C;Jl1E3) for which, the preliminary penetration
experiments revealed that the lyotropic mesophase sequence changes by increasing
temperature. A drawback of this experimental technique is that one cannot determine
boundaries of a specific phase situation. The more comprehensive study of the phase
behaviour is going to be done soon.

The disubstituted derivatives of typeifEs).l; (rac-40, rac-42, 44) do not show lyotropic
mesomorphism in the presence of water. Some preliminary penetration experiments with
apolar solvents revealed the appearance of lyotropic mesophases but the systems need to be
studied in more detail in order to assign the type of the observed mesophases.

As concluding remarks, it can be stated that from the studies of binary system solvent —
inositol-based surfactants by polarizing microscopy it emerges that, as in case of
thermotropism, the occurrence, type, and stability of their lyotropic mesophases are clearly
determined by the number, the position, and the stereochemical arrangement of both the

triethylene oxide group and the alkyl chains on the inositol ring.
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3.2.3. Solution properties and surface activity

3.2.3.1. Solubility in aqueous solution

Solubility in water is a very important physical property which a compound needs to possess
in order to be studied for its solution properties and surface activity. Previous work of our
group revealed that only one unitmfyo-inositol as hydrophilic head group is not enough to
assure a good solubility in water and consequentlycthe could not be measuréd' By
increasing the head group with a triethylene oxide unit, it was hoped that the solubility issue
could be solved, but it seems that there are other factors which can influence the solubility in
water. Table 3.4 summarizes the characterization of all new synthesized inositol-based
derivatives with respect to their aqueous solubilitiy.

Table 3.4. The solubility of new inositol-based derivatives

Compound | Solubility
rac-19 (1-Q_2E3|1) +
21 (2-Q2E3|1) low
rac-26 (4-Q_2E3|1) +
rac-32 (1-Q2|1E3) +
36 (2-Q2|1E3) low

38 (2-(G2E3)11-5-Ch) -
rac-40 (1,2-(G2Ez)2l1) -
rac-42 (1,4-(G2Ez)al1) -

44 (2,5-(G2Es3)2l1) -

As can be observed from Table 3.4, the symmetric deriv&ivg2-G,Esl;) has lower
solubility in water compared with its non-symmetric isomars-19 (1-C,.E3l;) andrac-26
(4-Cy2E3l4). It is well known that molecular symmetry has a pronounced effect on the melting
properties and solubility of organic compounds. As a general rule, symmetrical molecules in
crystalline form have higher melting temperatures and exhibit lower solubility compared with
molecules of similar structure but with lower symmetry. Symmetry in a molecule imparts a
positive amount of residual entropy in the solid phase, (more possible arrangements
leading to the same structure). This means that the entropy of a crystal of symmetric
molecules is greater than the entropy of crystal of a similar, but non-symmetric molecule. In
fact, symmetrical molecules are less soluble precisely because of the higher melting
temperature of their crystdf8:®!

Coming back to the inositol-based derivatives, all symmetric inositol derivatives, which have
the substituents attached to the (@xial) or/and & hydroxyl group 21 (2-G2Esl1), 36 (2-
Cio1E3), 44 (2,5-(Ci2E3)2l1) have melting points higher than their similar non-symmetric



3. RESULTS AND DISSCUSION | 69

isomersrac-19 (1-C,2E3l1), rac-26 (4-G:Eslq), rac-32 (1-C;2l1E3), rac-40 (1,2-(G2Es)2l1) and

rac-42 (1,4-(G2E3).l1) (Tables 3.1, 3.2, 3.3, subchapter 3.2.1.) which leads to idea that the
symmetric derivatives form more stable crystal lattices. This crystal stability could be the
reason why this type of inositol-based surfactants is much less soluble than the non-
symmetric ones. Actually, this feature is met also in sugar-based surfactants (Fig. 3.13),
where thea-linkage (axial) between the hydrocarbon chain ane sugar head group
promotes a more stable crystal packing than in casé-lofkage (equatorial)As a
consequence, the Krafft boundary is considerably higher ia-lilkage case, as compared to

the B-linkage. For example the-octyl-a-glucoside has a Krafft boundary starting from 38 °C
and increases with increasing surfactant concentration, whereasottgl-3-glucoside is

soluble down to the freezing point of wat&}.

OH OH
HO
o)
H
0 CgHy7
OH 3 OH

rac-19 (1-C12E3I])

HO

HO OH
HO
a
OH )
O/e\/ 93\012H25

21 (2-Cy,E3Ly)

n-octyl-p-glucoside
OH

HO
HO

a
O/C8H17

n-octyl-a-glucoside

Fig. 3.13. The structures of sugar-based surfactants indicating how the hydrocarbon chain is
attached to the sugar molecule: to the equatorial rgg-19 (1-Ci2Esl1) and n-octylf-
glucoside) or the axial (a) hydroxyl groupl((2-G-Esl;) and n-octyle-glucoside).

In case of the double substituted inositol derivativass (2-(Cy2E3)11-5-C;2), rac-40 (1,2-
(C12E3)2l1), rac-42 (1,4-(G2Es)2l1), and 44(2,5-(G2Es)2l1) (Fig. 3.14) the presence of two
dodecyl chains increases the hydrophobic part of the amphiphiles which can also be a reason

for very low aqueous solubility.
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44 (2,5(CzE3)1) rac-42 (1,2-(Cy,E3),1y)

Fig. 3.14. The structures of the double substituted derivatives 38 ££3)Ic-5-Ci>),
rac-40 (1,2-(Q2E3)2|1), rac-42 (1,4-(Q2E3)2|1), and 44 (2,5-(@E3)2|1).

3.2.3.2. Surface tension
Figures 3.17 and 3.18 show the surface tensias a function of the concentratiorof the

inositol-based derivatives which were enough soluble in water in order to make possible the
measurements (Fig. 3.15).

OH ] CqoH
HO HO \é/\ot 12725
H HO
%M/O\e/\oicm%s HO OH
OH 3

OH

rac-19 (1'C12E3Il) 21 (2-C12E3I])

OH OH
HO HO
,éo\/ﬁ\ /éo\/ﬁ\o
o
H 3 HO OC5H,s Ciaftas 3 HO OH

OH OH

rac-32 (1-C,14E5) rac-26 (4-C,Esly)

Fig. 3.15. The structures of the investigated inositol-based surfactants:
rac-19 (1-Q_2E3|1), 21 (2-Q_2E3|1), rac-26 (4-Q2E3|1), and rae32 (1-C12|1E3).

The surface tension increases with decreasing surfactant concentration until it levels off at the
value of the surface tension of pure water (72.3 mN/m at 23 °C). All curves are fitted with
Frumkin isotherd?®, model which describes the experimental data very well. Because the
surface tension is very sensitive to slight impurities, which is usually reflected in a minimum

or a smooth levelling off at concentrations aroent; the s—c curve serves as indicator for
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the purity of a surfactant. As can be seen from Fig. 3.16 and 3.17, the surface tension curves

of the newly synthesized inositol-based surfactants have a sharp bend and no minimum at

cmg which indicates that the analyzed compound are very pure.
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Fig. 3.16. (a) Surface tensioraes a function of the surfactant concentration c
(b) molecular structures-C,2E3l; (rac-19), 2-GoEsl: (21), and 4-GE;sl; (rac-26).

Fig. 3.16 presents as well thec curve of21 (2-G2Esl1), but in this case themccould not

be measured because this compound is low soluble in water and the solution turned turbid at

concentration ~ 5.2 x TOM. From the same figure can be also seen that the position of the

hydrophobic chain attached to the hydrophilic head group has only a minor effect on both the

cmc and the surface concentration when the chain is attached to an equatorial position of

inositol ring (Table 3.5).

Table 3.5. Physicochemical properties e€Cg,G,, 1-CyioEsl1, 4-CioEsly, 1-Ciol1Es, and GoEs

Surfactant cmdmM | oemdmN mi* | T, 10%mol mi? | Api/nn?
B-C12G;, (n-dodecyl- Bmaltoside) 0.16 34.7 3.8 0.44
1-Cy2E3l1 (rac-19) 0.14 34.4 3.1 0.53

4-Cy.E3l; (rac-26) 0.13 33.7 3.3 0.51

1-Cyl1E3 (rac-32) 0.37 35.0 3.5 0.47

C12Es ( n-dodecyl hexaethylene oxide) 0.09 31.6 3.1 0.53
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For the sake of comparison, in Fig. 3.17a #he curves of inositol-based surfactants are
plotted together with those of the corresponding sugaofiecylf-maltoside -C,,G,) and
ethylene oxider(-dodecyl hexaethylene oxide; £s) surfactants (Fig. 3.17 b).
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65 | 4—C12E3I1(rac—26) B-C,G; (n-dodecyl-B-maltoside)
m CE oH
60 F HO
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° H'é Vi\o
< 55} HO OCi2Hys
S OH
P 3 1-C o1, Es (rac-32)
c 50 oH
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(a) C/ mOI f ( ) C,E¢ (n-dodecyl hexaethylene oxide)

Fig. 3.17. (a) Surface tensioraes a function of the surfactant concentrati@md
(b) molecular structures Of-(Blsz, 1-C12|1E3, 1-C]_2E3|1, 4-C12E3|1 and Q2E6

The cmcof 1-CysE3l: (rac-19) and 4-GoEsl; (rac-26) are very close to those fC,.G, and

C12Es which is expected for nonionic surfactants with the same hydrophobic chain length.
However, thecmc values of 1-GE;sl; (rac-19), 4-GoEsl; (rac-26) and p-C1.G, are much

more similar than those of the inositol derivatives ange€which can be explained by
similar monomeric solubilities. Also the plateau values of the surface tension (i.e., the surface
tension at concentrations abosmq of 1-CoE3l; (rac-19) and 4-GyE;3 |3 (rac-26) are much

more similar to that of-C1.G;, than to the plateau value obtained fqsEz.!"® On the other

hand, 1-G.l1E;3 (rac-32), as can be observed from Fig. 3.18a, is less surface activ@-than
C12Gy, 1-CoEslp (rac-19), 4-GoEsl: (rac-26) and GoEs, and thus has a highemc value

which means that theH; head group is more hydrophilic than, Gsl; and E.
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Fig. 3.18. Surface concentrationaB a function of the surfactant concentration
of B-C12Gy, 1-Cpol1E3, 1-CioEsl1, 4-CioEaly and GaEe.

The corresponding adsorption isotherms of the five surfactants are shown in Fig. 3.18 and the
adsorption parameters are listed in Table 3.5. The isotherms were derived by differentiating
the Frumkin fits and using the Gibbs equation. As can be seen, the surface concentration
curves of the 1-GEsly (rac-19) and 4-GyEsl; (rac-26) are very similar to that of
hexaethylene oxide surfactani{,Es and level off in the same or almost the sdmevalue.

This is rather unexpected, recalling the observation that these three surfactants have different
plateau values of the surface tension (see Table 3.5). As a rule of thumb, one can say that the
lower the plateau value the more densely packed is the monolayer. Thus one would expect
that the maximum surface concentrationof Ci.Es is larger than that of 14@Esl; (rac-19)

and 4-GE; |1 (rac-26). However, this is not the case. A possible explanation could be that the
Esl; head group is as flexible as the hexaethylene oxide head group thus needing as much
surface area as the Hnit. Secondly, a monolayer consisting @fuBits can obviously pack

more densely compared to one consisting $#f Enits leading to a lower surface tension at

the cmc

On the other hand, the minimum area per head group (= the maximum surface concentration)
for 1-Cyol1E3 (rac-32), is in between that for-B1,G, and G2Es which means that attaching an
inositol unit directly to the hydrophobic chain reduces the surface area considerably compared
to C2Es, while the terminating £group still provides a certain amount of flexibility and thus

volume. Comparing the three inositol derivatives it can be seen that the minimum area per
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head group for 1-Gl1E; (rac-32), is smaller than that for 1:6E3l; (rac-19) and 4-GEsl:
(rac-26), thereford’,, is higher. The explanation would be most likely the conformation and
orientation of the surfactants at the surface.

In order to monitor the conformation and orientation of the surfactants at the surface
molecular dynamic simulations or more sophisticated surface sensitive techniques are

required.

3.2.3.3. Adsorption on silica surface studied by Total Internal Reflection Raman

spectroscopy (TIR Raman)

Knowledge of the adsorption behaviour of a surfactant is crucial for understanding the
underlying mechanisms for applications such as wetting, detergency and lubrication. Previous
studies on sugar and ethylene oxide surfactants revealed that the former hardly adsorb on
silica, while the later adsorb strongly on this oxide surface. The standard explanation put
forward to describe the adsorption of nonionic surfactants on hydrophilic surfaces from
aqueous solutions is hydrogen bonding. The main difficulty with this hypothesis is that water
is able to form very strong hydrogen bonds with both the surface and the surfactant head
group and it is hard to see how replacements of such hydrogen bonds with surfactant head
group — surface hydrogen bonds will result in an energy gain. Nevertheless, the enthalpy of
adsorption for poly(ethylene oxide) on silica is negative. The conclusion would be that the
driving force for adsorption is not yet well-understood. However, one may perceive a
situation where water hydrogen bonded both to the surface and the surfactant head group
mediates the surfactant — surface interactiofls.

The aim of the present project was to determine the adsorption behaviour of inositol-based
surfactants due to structural changes and to correlate this to similar relationships for alkyl
polyglucoside §-C1,G,) and ethylene oxide (gEs) surfactants.

The technique used to study the adsorption behaviour was TIR Raman spectroscopy. Raman
scattering has a reputation for being a weak effect: typical Raman scattering cross-sections are
ten orders of magnitude lower than infrared absorption cross-selfionsth the use of
evanescent waves to enhance the surface signal and discriminate against bulk signals, total
internal reflection Raman scattering (TIR-Raman) is in reality the most sensitive form of

vibrational spectroscopy for studying adsorption on dielectric mat&fals.
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In TIR-Raman experiments for the present
work, an evanescent wave with a
penetration depth of 100 nm is used to .
probe the adsorbed surfactant film at the

silica-water interface.

A schematic of the experimental setup is
shown in Fig. 3.19. A 532 nm CW laser ~7L ». /

was directed to the centre of a silica |

hemisphere at an angle of 73 degrees from

the surface normal. The Raman scattered  Fig. 3.1¢ Diagram of the TIR

light was collected with a microscope objective placed immediately above the hemisphere,
and directed towards a spectrograph and CCD camera where the spectra was recorded. Raman
scattering is not intrinsically surface sensitive and TIR-Raman spectra therefore contain
contributions from the silica substrate and the solution within the evanescent field as well as
from the adsorbed surfactant layer. The contributions from the bulk silica are removed by
subtraction of a background spectrum.

Fig. 3.20 shows representative subtracted TIR Raman spectra obtained for the adsorption of
n-dodecylf-maltoside g-C,.G,), n-dodecyl hexaethylene oxide 6Es), and rac-19 (1-

C12Eslp) on silica. All spectra shown were collected at concentrations above the respective
critical micellar concentrationgifng. The results clearly indicate that theG; and 1-G2Esl1

do not adsorb in any measurable quantities on silica. However, as expected, the ethylene
oxide surfactant does adsorb.

Adsorption on silica

60009 pojarization: Sx

——C_G, (0.25 mM)

1272
500091 e} (0.67 mm)

12731

4000] CuF: 025 mM)

3000

Counts

2000
1000+

0 Hoae PPN

2700 2800 2900 3000 3100

Wavenumber/ci

Fig. 3.20. TIR Raman subtracted spectra of silica in contact with n-doflengltoside §-
C12Gy), n-dodecyl hexaethylene oxide (Es), and raci9(1-CyEsl;) solutions collected
under the polarization combinations Sx, at concentrations above the cmc



3. RESULTS AND DISSCUSION | 76

The measurements for the “invers” derivatnae-32 (1-Gol,Es) are presented in Fig. 3.21

and 3.22. The four spectra in each plot are labelled with the concentratran-82 (1-

Ci121E3) in the original solution and with a temperature at which the data were recorded. The
concentrations were chosen so that one would be well beloenttg®.03 mM) and the other

very near themc (0.3 mM). The difference between the data on each individual graph is the
polarization of the incident and collected light. Each different polarization is sensitive to
vibrational modes of theac-32 (1-G2l1E3) orientated in a different direction with respect to

the interface. For example, the Px polarization indicates that the incident beam is polarized in
the 'P' direction with samples modes that are perpendicular to the interface, while the 'x'
indicates that the collected light is turned 90 degrees around an axis perpendicular to the
interface. The result is two sample modes perpendicular to the interface that are also in a
specific orientation along another axis.

Looking at the data for the Px case, the really interesting result comes from the 0.03 mM
concentration of theac-32 (1-GaliE3). At lower temperatures the molecule shows lower
overall signal intensity than at higher temperatures which could mean that there is a rather
dramatic reorganization of the adsorbed-82c(1-G.l,E3) as a function of temperature. In
theory, the change in signal intensity could be due to the molecules being compact at lower
temperatures, and then becoming increasingly solvated and elongated at higher temperatures.
Understanding why this would happen for a lower concentration and not for a higher

concentration would be interesting.

Adsm_’ptiqn on silica: G, Adsorption on silica: G, E,
Polarization: Px Polarization: Py 1
8000)——0.03 mM; 10 °C :
! 6000 . °
0.03 mM; 30 °C 0.03 mM; 10 °C
0.3 mM; 10 °C ——0.03 mM; 30°C
6000 0.3 mM; 30 °C —— 0.3mM; 10 °C
%] ¢ 4000f 0.3 mM; 30 °C
E 4
S 4o000F 5
o o
@) O 2000}
2000+
of or
1 1 1 1 1 1 1 1 1 1 1 1 1 1
2600 2700 2800 2900 3000 3100 3200 2600 2700 2800 2900 3000 3100 3200
Wavenumber/ci (@) Wavenumber/ci (b)

Fig. 3.21. TIR Raman subtracted spectra of silica in contactraatf32 (1-C;2l1E3) solutions
of different concentrations (0.03 mM and 0.3 mM) and temperatures (10 °C and 30 °C)
collected under the polarization combinations (a) Px and (b) Py.
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Adsorption on silica: CEjl, Adsorption on silica: ¢ E,
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——0.03 mM; 10 °C ——0.03 mM; 10 °C
10000F — 0-03 mM; 30 °C 25000] 0:03 mM; 30 °C
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Fig. 3.22. TIR Raman subtracted spectra of silica in contactraat32 (1-Cy,l1E3) solutions
of different concentrations (0.03 mM and 0.3 mM) and temperatures (10 °C and 30 °C)
collected under the polarization combinations (a) Sx and (b) Sy.

These results may imply that adsorption behaviour is controlled by the nature of the terminal
group. These are only preliminary results. The same study at a concentration above the
would be interesting as would a study at trace levelm@B2 (1-Cy2l1E3) or acquiring data

for more than two temperatures and also determining if this change in intensity with

temperature is reversible.



3. RESULTS AND DISSCUSION | 78

3.2.3.4. Self-diffusion NMR (DOSY)

In order to find out more information about the hydration of the inositol-based surfactants,
self-diffusion coefficients were measured using a magnetic field gradient method called
diffusion ordered gectroscopy (DOSY).

Because the measurements were desired to be performed in water at very low surfactant
concentrations (IHM) two main problems occurred: the handling of the spectrometer (lock
solvent and shimming) in absence of a deuterated solvent and the quality of spectrum because
of the deleterious effects of the huge water resonance.

To solve the technical problem regarding the spectrometer handling, a special type of tubes
were used, namely NMR tubes with stem coaxial inserts of type WGS-5BL from Rototec-
Spintec, having the reference capacity of 6Gand the sample capacity of 530 (Fig. 3.23).

The deuterated solvent was introduced in the inner tube and the examination material was
placed in the outer tube. As can be seen, the reference capacity is law) @0d for this

reason it was necessary to use a solvent with a high percentage of deuterium. After few tests
with different deuterated solvents, the deuterium oxidgjlhas given the best results and

consequently it was further used for measurements.

Fig. 3.23. The NMR tube used for DOSY experiments

Dealing with low concentration samples, the signals of the compound of interest were almost
invisible compared with water signal in thid NMR spectra. This is the reason why a new
pulse sequence (stebpgpeslsld.sek) was developed including the suppression of water signal
by excitation sculpting using arbitrary waveforms and pulsed field gradients. In order to check
the reliability of the results obtained with the new developed method (with water
suppression), test experiments were done with literature known compwootyl{3-D-

glucoside using both methods, with and without water suppression. The measured values for
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the self-diffusion coefficienD were very similar® = 4.424 10" m? s* for the sequence
without water suppression and=>4.428 10 m? s* for the sequence with water suppression)

and comparable with the values from literatiféThe detailed pulse program is presented in
chapter 7 (Experimental part).

DOSY experiments were performed on two inositol derivatraesl9 (1-C;,E;3l;) andrac-32
(1-C12l1E3) as well as on the reference systawodecyl hexaethylene oxide¢Es) andn-
dodecylf-maltoside (-C1,G,). Figures 3.24, 3.25, 3.26, 3.27 present examples of diffusion
spectra (a) 2D and (b) 1D for every compound at concentrations 6.x cmc

(2]
E 2%
O e -

(@]

o

95%

(@) (b)

Fig. 3.24. (a) 2D DOSY spectrum and {bj) spectrum at 2% and 95%
gradient strength for ra&9 (1-G.Esl1) in aqueous solution.

_____________________________ 2%
95%
(@) (b)

Fig. 3.25. (a) 2D DOSY spectrum and {bj) spectrum at 2% and 95%
gradient strength falac-32 (1-G2l1E3) in aqueous solution.
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Fig. 3.26. (a) 2D DOSY spectrum and {bj) spectrum at 2% and 95% gradient
strength for n-dodecyl hexaethylene oxide-Eg) in aqueous solution.
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Fig. 3.27. (a) 2D DOSY spectrum and {bj) spectrum at 2% and 95% gradient
strength for n-dodecy-maltoside §-C,.G,) in agueous solution.

The readings of the self-diffusion coefficient belong t@ €hain signal which is the most

intense signal in théH NMR and consequently the less influenced by the errors. The self-

diffusion coefficient Dwas obtained by fitting equation 2.10 to the obtained NMR data.

| = IOexp(—(ydB)ZD[A—gD (2.10, see chapter 2.1.5.2)
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where } is the signal intensity at zero gradient strengih,the proton magnetogyric constant,
G is the gradient strengtl) is the diffusion coefficient,4 is the diffusion time and is the
length of the gradient.

The obtained results are presented as plots of the diffusion coeffizieetsus the total
surfactant concentratian(Fig. 3.28) and of the diffusion coefficient\2rsus tcmcratio € =
total surfactant concentration), cmeritical micelle concentration) (Fig. 3.29).
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Fig. 3.28. The measured self-diffusion coefficients versus concentration in the micellar
region of the four surfactantac-19 (1-GEsl,), rac-32 (1-G2l1E3), CioEs, C12Gy; the first
point from each plot represents, o (the diffusion coefficient of free monomer).
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Fig. 3.29. The measured self-diffusion coefficients verstmcratio, in micellar region of
the four surfactants rat9 (1-G2Ezsl;), rac-32 (1-Gal1Es), Ci2Es, Ci2Go.
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The rapid decrease of the diffusion coefficients with increasing concentrations at low
surfactant concentrations can be attributed to the formation of aggregates and their subsequent
growth but also to the decrease in fraction of surfactant present as monomer.
Aggregate/aggregate obstruction effects at finite micellar concentrations also lower the
surfactant diffusion coefficients.

The value ofDnono (the diffusion coefficient of the free monomer) was obtained performing
experiments at concentrations below tlmeg where the diffusion coefficient is expected to

have a constant value and the obtained results are presented in Table 3.6.

Table 3.6. The measured.foh, for the four investigated surfactants

Surfactant c=0.8 cm103, mol I | Dmond10%°, NP st
n-dodecylp-maltoside (G;Gy) 0.13 3.86
rac-19 (l-Q2E3|1) 0.11 3.79
rac-32 (1-Q2|1E3) 0.30 3.64
n-dodecyl hexaethylene oxide¢Es) 0.07 4.89

Rounding theDnongVvalues in Table 3.6 according to the errors given in section 7.5 (3.86 *
0.09, 3.79 £ 0.09, 3.64 + 0.04, 4.89 + 0.07) one clearly sees that the self-diffusion coefficients
of the two inositol-based surfactants and of the sugar surfactant are the same, while that of
Ci2Esis larger. The later observation is indeed very surprising.

A possible reason foDcises > Dcize2 could be simply the lower total surfactant
concentration. Although both systems were measured atf@ in case of GEs this
corresponds to 0.06 mM, while it corresponds to 0.13 mM in case/Gh.GArguing via the

total surfactant concentration explains the results g4 C12G, andrac-19. However, the

value obtained forrac-32 should be much lower if it were only the total surfactant
concentration that plays a role. One possible explanation could be the different shape of the
molecules (stiff, rod-like in case of£5, andrac-19, coil-like in case GEg andrac-32). The
obstruction factor of the former is larger and thus diffusion is more hindered compared to
coil-like molecules at the same total surfactant concentration. In other waceB2 has the

same coefficient asac-19 at a much larger total surfactant concentration as it is coil-like
rather than rod-like. Note that at the time being, this is only speculation.

Another explanation could be the contribution of pre-micellar aggregates (dimmers, trimers,
tetramers, etc). Themcis no “fixed” value but rather a concentration range. Depending on
the technique and the model via which the data are evaluated different values are obtained.

Thus choosing = 0.8 cmcas concentration for the determinatiorDgfon, could be too close
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to thecmg which means that in some cases pre-micellar aggregates may already be formed.
These aggregates could decreasdxhgovalue significantly compared to a solution of “real”
monomers.

The self-diffusion coefficients measured for concentrations abowecan be used to infer
informationabout the possible size/structure of the micelles present. One problem that has to
overcome before such an analysis can be performed is the fact that there are contributions
from the surfactant present in free monomer form. This contribution can be accounted by

means of a simple two-site exchange model which yields the following ref&tion:

Dobs = PDmic + (1 — PDmono (2.11, see chapter 2.1.5.2)
where Dgys is the observed diffusion coefficier®ic is the micellar diffusion coefficient,
Dmono IS the monomer diffusion coefficient, aftlis the fraction of micellized surfactant,

which is given by equation 2.12:

c-cmcC
c

P= (2.12, see chapter 2.1.5.2)

As it was mentioned above, in presence of micelles, aggregate obstructions effects must be
taken into account. In case of spherical micelles, a functional form according to the following

equation 2.13 is often used:

D, . = D,(1- ko) (2.13, see chapter 2.1.5.2)

mic

where Dpic IS the measured micelle diffusion coefficie, is the micelle diffusion
coefficient at infinite dilutionk is a constant and is the volume fraction of micelles. In case

of spherical aggregatek~ 2-2.5, depending on the surfactant. Eq. 2.13 caapipéied only

for the case of spherical micelles, in case of other geometries (e.g. prolates, oblates or
hemisphere capped rods) this expression will be différef.

Using the equations 2.8, 2.11 and the relevant expressions for the different geometries
together with the acquired experimental data, a number of new information about the formed
aggregates can be achieved. These calculations are to be done therefore they are not included
in the present work.
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4. RESULTSAND DISCUSSION 1

4.1. Phosphine oxides metal complexes

n-Dodecyldimethyl phospine oxide {fDMPO) was synthesized and purified for an ongoing
project at University College Dublin (UCD) under the supervision of Prof. Dr. Cosima
Stubenrauch. This project aims to study the correlation between single foam films and foams
by varying the surfactant mixing ratio, thus providing new insights into how to tune the
properties of foams. Foams are widely used in industrial applications and everyday products
such as cleaning agents, beverages, fire-fighting and flotation. However, the reason for their
stability - or instability - is not yet understood in sufficient detail so that the development of
new products is mostly based on "trial and error". Studying surfactant mixtures is
indispensable in order to understand and to optimize technical products and processes where
foam films and foams are involved. Phosphine oxide surfactants are an ideal candidate for this
project as they are chemically quite resistant, pH- and temperature'&t&bke.hydrophobic

chain length of & was chosen to allow for optimum foaming condition.

Phosphine oxide groups can bind various metal cations such as alkaline, alkaline earth,
transition and lanthanide metal ions through ion dipolar interactions. This property allows
phosphine oxide-based derivatives to be used in various fields of large social and economical
impacts, such as environmental sciences, medical diagnostics, cell biolod$*%tc.
Lipophilic phosphine oxides like the respective trioctyl derivative (TOPO) or more
specialized derivatives with additional complexation sites have been used also as extraction
agent for precious metals from aqueous solutiria. This property inspired the question if it
would be possible to induce supramolecular order like e.g. thermotropic or lyotropic liquid
crystallinity in phosphine oxides metal complexes amphiphiles. The results of respective
investigations will be presented in this chapter. However, it has to be mentioned that parallel
to present studies on such (calamitic) amphiphilic phosphine oxides, a report on a columnar
liquid crystal based on discotic triphenylphosphine oxide and on its interaction with alkaline

metal ions was published by Kato et’3l.
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4.1.1. Syntheses

The synthesis ofi-dodecyldimethyl phospine oxide {fDMPO, 52) is well knowr™*®! and

straightforward as can be seen from Scheme 4.1:

0 0 0
[
~
/\0/ \\H -~ MgBr -~ \C12H25
<o
50 51 52 (C,,DMPO)

Scheme 4.1. Synthetic steps towards thedlodecyldimethyl phospine oxide 52 {fDMPO):
a) MeMgBr, THF, rt; b) @H2sBr, reflux; 80% after two steps.

The synthesis starts from commercially available diethyl phosphite which was added
dropwise into a solution of methyl magnesium bromide (1 M in THF) under argon
atmosphere in such a way that the inner temperature did not rise 25 °C. After stirring for 1 h
at ambient temperature, dodecyl bromide was added and the reaction was refluxed for 10
additional hours. After the required work-up, the crude product was thoroughly purified by
bulb-to-bulb distillation and few recrystallizations from n-hexane.

The preparation of GDMPO metal complexes consisted in mixing the phosphine oxide with
various metal salts (Scheme 4.2) for ~ 1.5 h at room temperature in presence of a proper
solvent (methanol or water), followed by the concentration to dryness. In a number of cases
homogeneous products were obtained showing sharp transition temperatures indicating a

defined complexation (Table 4.1).

CioH
\\P/ 12M25
. J;
IU F M X solvent, rt I\T/Im Xm-
<\ e |
o :

P
-~ \\012H25

Scheme 4.2. Synthetic step towards thededecyldimethyl phospine oxide
(C12DMPO) metal complexes.
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Table4.1. Composition and transition temperatures oDBAPO : salt mixtures

M™] X" |Hmg]|Cr]| | Cr, | | Crs| |
cu’ CI + | | 55/53,4 (28,0 .
cCu'| SO~ - o | -/51.1(1.65)| «| 83/79,1(11,9) .
cu”’ Br + | 48/48,9 (25,4 .
Cu'| BFs + e | -/345(1.3)| - 55/54,5 (0,5) 4 [b]
Cu'| CH/0, | - - | 83/81,4 (34,3 .
Cu* | CHCOO | - -« |83/82,3(27,3 .
Li* Cr + | o | 92/935(0,3) | 116,0/115,9 (3,5) .
Li* Br + | « [ 72/69,9 (17,5 .
Na' Cr - - | 85/81,0 (27,7 .

“Temperatures given in °C: PM / DSSHei in kJ/Mol); MHrei = AHapdX1M cizompatXoM sar);

X, X2 = molar fractions; M,,smeasured by DSC; Hmg = Homogeneity;

[b] Complex thermal behavior upon repeated heating/cooling cycles, the clearing point is not

visible in DSC and in PM is between 70 — 90°C. PM = polarized microscopy; Cr = crystalline;

Iso = isotropic.
The first analytical method which was used to confirm the complexationBIMPO (52)
with various salts is infrared spectroscopy (IR). As can be seen from Fig. 4.1, the IR spectra
of resulting compounds are almost identical to the IR spectra of puBVRO, with the
exception that the P — O band is shifted and/or deformed which is indicative for complexation
at the oxygen atom of phosphine oxide group.
The IR spectra are presented as following: Fig. 4.1a — spectra belopdMRD complexes
which have the same cation @ubut different inorganic anions (CS8Q?, Br, BF,); Fig.
4.1b — spectra belong to:£DMPO complexes which have the same cation®{Cbut
different organic anions @E;0,, CH;COQ); Fig. 4.2a — spectra belong to,BMPO
complexes which have the same anion)(QUt different cations (Cij, Li*, N&"); Fig. 4.2b —
spectra belong to @DMPO complexes which have the same anion) (But different cations

(CU, L.
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Fig. 4.1. The IR spectra of GDMPO : salt mixtures having the same
cation (Cd") but different (a) inorganic anion and (b) organic anion.
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In Fig. 4.1a and b can be observed that the P — O band is shifted and/or deformed for those
mixtures Go.DMPO : salt which are homogeneous (see Table 4.1), but not for those ones
which are inhomogeneous, likegDMPO + CuSQ, Cu(CHCOO) or Cu(GH;0,),. This

fact means that the P — O band was not affected by the presence of the salt consequently the
complexation was not achieved.

The same situation can be observed in Fig. 4.2a ##)MPO + NaCl which again forms an
inhomogeneous mixture and the P — O band from 1157veas not affected.

The conclusion which rises from figures 4.1 and 4.2 is thaDI@PO is able to form
complexes with metal salts but the complexation depends on both the cation and the anion of

the respective salt.
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Fig. 4.2. The IR spectra of LDMPO : salt mixtures having the same
anion (a: Ct b: Br) but different anion (a: G, Li*, Na"; b: C#*, Li").

The ability of G,.DMPO to form complexes was proven by X-ray investigations. As can be
seen in Table 4.1., the melting points of theDBAPO : salt complexes are low, hence a
normal recrystallization from solvents was not successful. For this reason it has been tried to
obtain proper crystals from melt by cooling very slow (0,1 °C/10min). The crystal structure of

C1.DMPO : CuC} complex is presented in Fig. 4.3.

, oc
Qo

ay.9 9 6 e oca

Fig. 4.3. Crystal structure of GDMPO : CuC} complex.
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4.1.2. Physical properties

4.1.2.1. Thermotropic mesomor phism

Thermotropic behaviour of @DMPO : salt complexes was investigated by polarizing
microscopy (PM) and differential scanning calorimetry (DSC). Their phase transition data are
summarized in Table 4.1. Three of the studied mixtures exhibit crystalline polymorphism but

none of the observed phases were liquid crystalline.

4.1.2.2. Lyotropic mesomor phism

As can be seen from the phase diagram (Fig. 4.4a) already the pO®&IRD displays
lyotropic mesophases. Most of DMPO : salt mixtures show also lyotropic phase behavior,
but from preliminary PM investigations they partly differ in phase types, stabilities and
sequence (Fig. 4.5, 4.6) from purg@MPO (Fig. 4.4Db).

300
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2 Liquids iqui
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Percent Dedecyldimethylphosphine Oxide
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Fig. 4.4. (a) Phase diagram of binary system water,D®IPO?®, (b) Penetration experiment
of binary system water —€DMPO showing the phase sequence Cr, Lam, Hex at 12,1°C (Cr
= crystalline, Lam = lamellar, Hex = hexagonal).

Fig. 4.5. Penetration experiment of binary Fig. 4.6. Penetration experiment of binary
system water — GDMPO+LICl at 23 °C. system water o[@MPO+LiBr at 25°C.
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The pentration experiment of binary system water;2D8@PO+LICl revealed the sequence
micellar — hexagonal — cubic;\~ lamellar — crystalline, while the binary system water —
C.1.DMPO+LiBr presents the sequence micellar — hexagonal — lamellar — crystalline.

The concluding remarks regarding this topic are thaDRPO is able to form complexes

with metal salts depending both on cation and anion, and the newly formed complexes present

lyotropic but not thermotropic mesomorphism.
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5. SUMMARY AND OUTLOOK |

This chapter is going to present a summary of studies towards the syntheses and
characterization of novel inositol-based amphitropic liquid crystals and surfactants together

with a short outlook.

5.1. Syntheses

The aim of the present work from synthetically point of view consists on synthesis of novel
inositol-based derivatives as amphitropic liquid crystals and surfactants. Previous work in this
field showed that one inositol unit is not enough to induce a good solubility in agueous media
of this type of sugar-based amphiphiles. In order to improve the inositol derivatives with
respect to this property, the hydrophilic head group was increased by addition of a triethylene
oxide unit leading to a new class of inositol-based amphiphiles.

The first representative of this new class of inositol derivativeaas9 (1-C2Esl1) which

has the ethoxylated chain and the hydrophobic tail attached to the hydroxyl group from
position 1 ofmyo-inositol ring. Its synthesis was achieved in seven steps with an overall yield
of 20% (Scheme 5.1).

In order to functionalise the hydroxyl group from, @ was necessary to protect the other four
positions, which was realized in three steps with an overall yield of 62%. In parallel, the
dodecyl chain was attached via a Williamson etherification to the triethylene oxide, which
was subsequently tosylated to gil/ewith 70% vyield after two steps. Next step consisted in
regioselective unification of the two building blockag-6 and17, which was achieved via a
stannylene intermediate. The last step of this synthesis was the cleavage of benzyl protecting
groups by palladium/charcoal catalyzed hydrogenolysis under pressure (~ 8 bars) (Scheme
5.1).
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Scheme 5.1. Total synthesis of rad9 (1-Cy2Esl1).

To study the influence of position of the alkyl-triethylene oxidenmy-inositol ring with

regard to mesomorphsim and surface activity, a new derivagi¥e(2-C;oEsl;), was
synthesized in eight steps starting fromgo-inositol (1) and triethylene oxidelb), in 31%

overall yield. To arrive td21, the hydroxyl groups from positions 1, 3, 4, 5, and 6 were
protected over four steps with an overall yield of 56%. The addition of alkyl-triethylene oxide
chain was achieved by reaction with the corresponding tosylate 17 in the presence of NaH and
DMF with 90% vyield. The final step, the cleavage of benzyl ethers, was realized by
palladium/charcoal catalysed hydrogenolysis in 88% yield (Scheme 5.2).
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1. Cyclohexanon, p-TsOH

2. BnCl, KOH
3. CH;COOH, H,0 TsO Ci2Hazs
HO OH 4. a) Bu,SnO/MeOH BnO OH \é/\OZ
b) BnBr, CsF/DMF 17
HO » BnO >
HO OH 569 over4 steps BnO OBn NaH/DMF
OH OBn 90%
1 7
o) Ci2Has CqoH
o Y wo o
BnO 3 H,, Pd/C HO s
—_—
BnO OBn MeOH, EtOAc HO OH
OBn 88% OH
20 21

Scheme 5.2. Total synthesis of derivative 21 (2:6E3l1).

In order to attach the alkyl-triethylene oxide chain to hydroxyl group from position 4, another
protective group strategy was applied, respectively the formatiowainositol orthofomate,

8. Addition of tosylatel7 to orthoformate8 in the presence of NaH/DMF resulted in
formation of corresponding /ether25 in 62% vyield. After the hydrolysis of orthoest2s

with methanol/HCI, rae26 (4-Cy2E3l1) was obtained with 83% yield (Scheme 5.3).

OH o) TsO CioH
o /EO S \G/\Ox 12H25
HO CH(EtO);, H'/DMF 17 7
HO OH 80 % ~ HO | NaH/DMF
OH OH 62%
OH
1 8
0 \0 OH
o) o HO
+
" MeOH, H" C12H25’€ vj;o o
| 83% HO
OH OH
CqoH
O 127125
\é/\o)/
25 3 rac-26

Scheme 5.3. Total synthesis of ra26 (4-Cy2Esl).
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To study and compare the influence of molecular arrangement of oligo(ethylene oxide) and
sugar units, a new inositol-based derivativag-32 (1-Ciol1Es) was synthesized. This
derivative represents the “inversed” sequence triethylene oxide — inositol — dodecyl chain,
which induced interesting differences with regard to physical properties.

Synthesis ofrac-32 was realised in seven steps with 8% overall yield. The first step is
represented by protection of hydroxyl groups from positions 1, 2, 4, and 5 by acetalization
with cyclohexanone, followed by alkylation with dodecyl bromide and the attachment of
tosylate28 to the hydroxyl group from £ The last step, the cleavage of acetals, was done in

acidic conditions (Scheme 5.4).

OEt

oH © o
HO HO
HO 13 o Cy,HysBr
HO OH p-TsOH, DMF o) 0 Nal/DMF ;
30% 65%
OH OH 0
1 rac-9
HO\Q/\ 9/ H
(@)
15 3
1. BnCl, NaOH
2.p-TsCl, NaOH

55% over 2 steps

B (0]
12H25() \é/\ 9/ n Cy2H250 \O
O
o o
NaH/DMF
90% O\<\/\o a/
3

rac-29 rac-30

C12H25O C12H250
__HyPdC CH;COOH/H,0_ HO
“MeOH, FtOAC — %
98%

3
rac-3 l rac-32

Scheme 5.4. Total synthesis of ra82 (1-Cy2l1Es).

The meso compound36 (2-Cpol1E3) was synthesized in seven steps (overall yield 7%) for the
purpose of studying the influence of symmetry on physical properties. Its synthesis resemble
the one for rae32, but in this case the acetalization was realised selectively for trans hydroxyl
functions using butane-2,3-dione. After alkylation of free positions 2 and 5 with the desired
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side chains (alkyl and triethylene oxide, respectively), the last two steps consisted in

deprotection reactions in order to cleave the benzyl ether and the acetals (Scheme 5.5).

OH o OH
M OMe
OH =5 2
HO HC(OMe):;, MeOH Y o Y C12H25Br
> —_—
« ., CSA, Butadione e NaH/DMF
W / 26° \ ey Ky 40%
Ho o 0% OMe © OMe
OH OH
1 10
Bn
OH Bn 0 O%
OMe OMe Tsof/\oj’ OMe ¥ OMe
-0 o= 3 = 0 o=
28 H,, Pd/C
—_— —_—
oV ol Y NaHﬂo)MF Yo ok MeOH: EiOAC
OMe OMe 70% OMe OMe 98%
OC2Has OC12H2s
33 34
H H
o ok oL "ox
OMe OMe 3
=0 0Z HO OH
TFA, H,0
N\ o g /1y DCI:/I HOV' IO
OMe OMe 93%
OC12H25 OC12H25
35 36

Scheme 5.5. Total synthesis of derivative 36 (21 E3).

The hydrophilic—hydrophobic ratio could have a considerable influence on various physical
properties, therefore new derivatives were synthesized. In all derivatives presented up to this
point (rac-19, 21, rac-26, rac-32, 36) the hydrophilic—hydrophobic ratio was 2:1, which
means two hydrophilic head groupswb-inositol and triethylene oxide unit) and one
hydrophobic tail (dodecyl chain). A derivative which presents the ratio 238, isvhose
synthesis counts six steps starting frowo-inositol and was realised in 8% overall yield,
using similar procedures as for 36 (Scheme 5.6).



5. SUMMARY AND OUTLOOK | 96

OH
OMe
OH
HO HC(OMe);, MeOH C1,H,sBr
—_— A
N , CSA, Butadione . NaH/DMF
HOV “’OH 26% \“ '/// 40%
OH
1 10
CqoH CqoH
C,H O] )’ 127725 o) 12M25
TsO 127725 O73 (0]
owe o ‘(/\o?/ {/\Qme %/\ a;
- O O O < TFA, HZO HO OH
whoo y TNaHDME ., DCM
oV o 82% oV o) 95% \ 0,
OMe OMe ’ OMe OMe HO OH
OC12Has OCizHys OC1,Hos
33 37 38

Scheme 5.6. Total synthesis of compound 38.

The hydrophilic—hydrophobic ratio 3:2 can be achieved by synthesisasf0 (1,2-
(C12E3)211). Its molecule contains three hydrophilic head groups (oywinositol and two
triethylene oxide units) and two hydrophobic tails (dodecyl chains). Synthesas-40 has
seven steps starting fromyo-inositol and triethylene oxide, and was realised in 21% overall
yield (Scheme 5.7).

1. Cyclohexanon, p-TsOH TsO C12Hos
OH 2. BnCl, KOH OH (\/\of

HO ’ BnO 3
3. CH,COOH, H,0 17
HO » BnO >
HO OH 629 over 3 steps BnO OH NaH/DMF
OH OBn 51%

1 rac-6

C12H25 o) CoH
HO o 12M25
BhO _ HpdC o A
BnO \é/\ >/C12H25 MeOH, EtOAc HO O\é/\oa/Cmst
3

95% OH
rac—39 rac-40

Scheme 5.7. Total synthesis of rad0 (1,2-(C2E3)l1).

A similar compound which has hydrophilic-hydrophobic ratio 3:as42 (1,4-(G2E3)2l1)
in which the alkyl-triethylene oxide chains are attached to the hydroxyl groups from position

1 and 4. This derivative can be achieved in five steps with 10% overall yield (Scheme 5.8).
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OEt

OH © TsO\(/\ yCmst
° HO
HO -
HO OH -TSOH DMF NaH/DMF
30 % 50%

OH

1 rac-9

/éo\/a\ OH
Ci2Hzs

CH,COOH, H,0_ HO
N HO o
C12H25 \é/\ TC1ZH25

o)
0
rac- 41 rac-42 3

Scheme 5.8. Total synthesis of rad2 (1,4-(C2E3)2l1).

The last synthesized derivative which has hydrophilic-hydrophobic ratio 3:2 is represented by
themeso compound4 (2,5-(G2Es)2l1) which has two alkyl-triethylene oxide chains attached

at the hydroxyl groups froms£and G. Its synthesis was completed in five steps in 7% overall
yield (Scheme 5.9).

OH OH TsO Ci2Hps
QM8 OMe )/

OH =
HO HC(OMe);, MeOH >
—> —»
R , CSA, Butadione “ NaH/DMF
HOY “/oH 26% WS Kod ¥ 50%
OMe OMe
OH OH
1 10
o) %C12H25 QMO,)?’C12H25
Mg OMe HO OH
- TFAH,0_
N DCM
VAo "o 53% HOW “11oH
OMe OMe
CyoH 0] CqoH
Oxé/\ot 12H25 “(‘/\O’); 12H2s5
43 44

Scheme 5.9. Total synthesis of derivative 44 (2,5+E3),l1).

Consequently, by present work was possible to synthesize a number of nine representatives of
a new class of inositol-based amphiphiles.
What else can be done in this field? There are a number of new ideas which could be

approached. As it could be seen, exceptingniteso compounds, all the other synthesized
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derivatives are racemic mixtures. It would be interesting to study the influence of the chirality
on the mesomorphism and solution properties of the enantiomerically pure inositol-based
amphiphiles. Actually, this is an ongoing project in our group and the final results will be
presented somewhere else.

Other possible projects which could be approached would be the synthesis of so-called bola
amphiphiles of typeb3 or maltose-like diinositol derivatives of ty@®l or glycolipid-like
amphiphiles of typeé5 where R, R, (identical or different) could both be alkyl chains or

combination of an alkyl chain, ethylene oxide units or another sugar unit.

OH
HO HQ OH

HO OH
HO O‘é/\o}@fo/\%o OH
OH m " m
HO
53

HO OH
H
OHO
HO
OH
0]
O%CnHZnH
54
OH
HO OR;
HO
HO O
ﬁ % L OR,
OH

55
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5.2. Physical properties

The novel inositol derivatives were characterized with respect of their thermotropic and
lyotropic mesomorphism, as well as their solution properties and surface activity in aqueous
media. The assignment of different types of mesophases was achieved using polarization
microscopy (PM) and differential scanning calorimetry (DSC). Solution properties were
described using surface tension measurements in agueous solutions, total internal reflection

(TIR) Raman spectroscopy and self-diffusion NMR experiments (DOSY).

5.2.1 Thermotropic mesomor phism

The appearance of mesophases on heating for each of the ethoxylated inositol derivatives
seems to be determined by the relative molecular symmetry originating from different
localization of the ether groups at inositol core. From study of various liquid crystalline target
compounds by polarizing microscopy and differential scanning calorimetry it emerges that the
occurrence, type, and stability of their mesophases are clearly determined by number,
position, and stereochemical arrangement of the triethylene oxide group or/and the alkyl
chains at inositol ring. The phase transition data of newly synthesized inositol derivatives are

summarized in table 5.1.

Tabel 5.1. The summarized phase transition data of novel inositol derivatives

Compound | Cr| | Cn, | Y | M | K
rac-19 . 81/80.1 | i SmA 153/153.1] i .
(1-CioEsly) (43.3) (0.5)
21 . -/51.8 | | -/149.0 M -/147.1 ) ) .
(2-C15E3l7) (23.0) (29.6) L1 0.7)}
rac-26
(4-CooE5l1) 85/ SmA| 159/
rac-32 . 80/80.6 | i i i i i .
(1-Cyal1E3) (38.92)
36 . | 17411737 ] ] ] ] .
(2-Cy2l1E3) (46.4)
rac-40 .| 16/148 | ] cub| 26244 | | | 46/45.4]
1,2(Ci2E3),l4 (34.08) (0.78) "1 (0.46)
rac-42 . | 20/15.8 | | 57/57.3 | i ) i .
1,4(Ci2E3)al1 (33.1) (70.9)
44 . | 43424 | | [110/108.8] ] ] ],
2,5(CzE3)0l1 (38.68) (44.07)

Temperatures in °C; polarizing microscopy/differential scanning calorimetry: PM/DSC; enthalpies
(kJ mol*) in brackets; heating rate 5 K MirCr;, Cr,: crystalline, M: thermotropic mesophase, SmA:
smectic A phase, N monotropic mesophase most probably of a smectic typg,: Gekagonal
columnar phase, Cub: cubic phase, I: isotropic liquid.
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5.2.2. Lyotropic mesomor phism

Binary systems solvent—inositol-based derivative were studied by polarizing microscopy
using so called penetration experiments for all novel compounds. A phase study with known
concentrations at various temperatures was completed in case-19 (1-Cy-Esl1). Water

was the solvent used to study binary systems for all compounds. Preliminary studies were also
done with some other apolar solvents but these systems need to be studied more
comprehensive.

The phase diagram o&c-19 (1-C;2E3l;) consists of an isotropic micellar 4. a hexagonal

phase (H)), a bicontinuous cubic phaseijyand a lamellar phase JLwith vertical phase
boundaries within the studied temperature range (23 to 70 °C). In between these single phase
regions lie two phase regions where both adjoining phases coexist. The presence of the
vertical phase boundaries means that the phase behaviour is not temperature sensitive.
Penetration experiment of binary system water—-21 {Z4;) revealed no lyotropic
mesophase at 25 °C but by heating up to ~ 55 °C the sequence micellar—hexagonal—-cubic—
lamellar was present. The optically isotropically appearing zone between hexagonal and
lamellar phase was established to be bicontinuous cubic phase because it appears to be more
viscous than an isotropic fluid. This type of behaviour was compared with the glucosidic
analoguen-octyl-a-glucoside (@G;) which has as well the hydrophobic tail attached to the
axial position. The Kraft boundary in case mbctyl-a-glucoside starts from 38 °C and
increases with increasing surfactant concentration. There are micellar, hexagonal and lamellar
phases present.

As it was mentioned above, the binary system watert9dd -C,.Ezl;) is insensitive toward

the temperature. It seems that this is not the case anymore for the binary system wa2er—rac
(1-C12l1E3) for which seems to be temperature-sensitive.

Disubstituted derivatives of type {fE3).l;1 (rac-40, rac-42, 44) do not present lyotropic
mesomorphism in mixtures with water. Some preliminary penetration experiments with apolar
solvents revealed the appearance of lyotropic mesophases but the systems need to be studied
in more detail in order to assign the type of the observed mesophases.

The main conclusion which results from these analyses is that the agueous phase behaviour of
the inositol-based amphiphiles is very much influenced by the end-capping group of the
molecules. When the end of the hydrophilic head group is inos@ol1Q, 1-C;Esl), the
agueous phase behaviour is temperature-insensitive as in case of the references@stem C

despite its three ethylene oxide units. It seems that this is not the case for the “inverse”
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derivativerac-32 (1-Cy2l1E3), where the end of the hydrophilic head group is represented by
the three ethylene oxide units. Preliminary studies using the penetration experiments showed
that the binary system water—r82 (1-C;,l1E3) is temperature-sensitive. A complete phase
study with known concentrations at various temperatures is going to be done soon and the
obtained phase diagram could be then compared with the one from the binary system water—
rac-19 (1-CyoEsly).

5.2.3. Solution propertiesand surface activity

One of the aims of the present work was to design new inositol-based surfactants with a good
agueous solubility. In order to achieve this aim, the head group was increase with three units
of ethylene oxide. In general, the solubility issue was solved but the studies regarding the
solution properties of novel inositol derivatives proved that the size of the hydrophilic head

group is not the only feature which has to be taken into account to assure a good solubility in
water. Table 5.2 summarize the characterization of all newly synthesized inositol-based

derivatives with respect to their aqueous solubility.

Table 5.2. The solubility of new inositol-based derivatives

Compound | Solubility
rac-19 (1-C12E3|1) +
21 (2-C12E3|1) low
rac-26 (4-C12E3|1) +
rac-32 (1-C12|1E3) +
36 (2-Ci1E>) low

38 (2-(C12E3)11-5-C12) -
rac-40 (1,2-(CioE3),l1) -
rac-42 (1,4-(CioE2),l1) -
44 (2,5-(CiaE3)211) -

As can be noticed from Table 5.2, the symmetric derivatives 2% 42:1¢) and 36 (2-Gol1E3)
present lower solubility in water compared with their non-symmetric isomaer49 (1-
Ci2Esl1), rac-26 (4-CioEsl;)) and rae32 (1-CialiEsz). This phenomenon reminds about the
glucosidic analogues where the hydrophobic tail is attached to the @xgadgjtion (-octyl-
a-glucoside) compared with the ones where is attadbethe equatorial B) (n-octyl-B-
glucoside). It seems that axi@flinkage promotes a more stable crystal packing tharase

of equatorialp—linkage and consequently, the Krafft boundary isstderably higher and the

solubility is lower.
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In case of double substituted inositol derivative® (2-(Ci2E3)l;-5-Ci0), rac-40 (1,2-
(C12E3)2l1), rac-42 (1,4-(G2Es)2l1) and 44(2,5-(CGi2Es)2l1), the presence of two alkyl chains
increases the hydrophobic part of amphiphiles which led to a very low aqueous solubility.

Surface tension measurements were carried out®19 (1-C;.E3l,), 21 (2-Ci2Esl4), rac-26
(4-Cp2E3l1) and rae32 (1-CyaliEs). Thecme values could not be measured for derivagie
(2-Cy2E35l4), since the solutions turned turbid because of low aqueous solubility of this
derivative. For the sake of comparison, the results are presented together with reference

systems n-dodecyl-maltoside §-C,.G,) and n-dodecyl hexaethylene oxide {&s).

Table5.3. Physicochemical properties qua_sz, 1-C12E3|1, 4-C12E3|1, l-C12|1E3, and Q2E6

Surfactant | cmc/mM | oer/mN mit | T, 10%mol mi® | Ayig/nnt’
B-C12G2 0.16 34.7 3.80 0.44
rac-19 (1-Cy,E3l1) 0.14 34.4 3.10 0.53
rac-26 (4-CioEsl1) | 0.13 33.7 3.25 0.51
rac-32 (1-Cyzl1Es) 0.37 35.0 3.52 0.47
C1oEs 0.09 31.6 3.10 0.53

From these measurements can be concluded that the analyzed compounds are pure because
the surface tension curves have a sharp bend and no mininwm. &the position of alkyl-
triethylene oxide chain attached to the inositol ring has only a minor effect on batimahe
and the surface concentration when the chain is attached to an equatorial position.

The cmc values ofrac-19 (1-C,2Esl;) andrac-26 (4-CioEsli) are between those @fCi,Go

and GJEs as it was expected but this is not the caserdor32 (1-Ciol1E3) whosecme is
almost three times higher than its isomers. The “inverse” deriviedos82 (1-Cy2l1E3) seems

to be less surface active thBrC,,G,, rac-19 (1-CyEsl1), rac-26 (4-CioEslh) and GoEs and

thus has a higheamc valuewhich means that theH; head group is more hydrophilic than

Gy, Esl1 and k.

The corresponding adsorption isotherms of the three surfactant$9 (1-C,.Esl;), rac-26
(4-Cy2E3l1) and rae32 (1-Cy2l1Es3), are also presented. From these studies, one could say that
the “inverse” derivativerac-32 (1-Cy2l;1E3) pack more densely than its isomers thus its
minimum area per head group is smaller than that forlEsG and 4-G.Esl,, thereford’,, is
higher. The explanation would be most likely the conformation and orientation of the

surfactants at the surface.
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In order to monitor the conformation and orientation of the surfactants at the surface
molecular dynamic simulations or more sophisticated surface sensitive techniques are

required.

The adsorption behaviour of inositol-based surfactants on silica surface was studied using TIR
Raman spectroscopy. The experiments were dongamd9 (1-C;.Esl;) and rac-32 (1-

Ci2l1E3) using solution below and above thex and were compared with the reference
systems n-dodecyl-maltoside §-C,.G,) and n-dodecyl hexaethylene oxide {&s).

The results of these studies revealed that adsorption behaviour is controlled by the nature of
the terminal group. Theac-19 (1-C;2Esl;) has a maltoside-like behaviour since it does not
adsorb in any measurable quantities on silica whilst the “inverse” is@n8@ (1-Ciol1Es3) it

adsorbs on silica surface. However, in case of later, at lower temperatures the molecule shows
lower overall signal intensity than at higher temperatures which could mean that there is a
rather dramatic reorganization of the adsorbed surfactant as a function of temperature. In
theory, the change in signal intensity could be due to the molecules being compact at lower
temperatures, and then becoming increasingly solvated and elongated at higher temperatures.
These were only preliminary results. The same study at concentrations abowe theuld

be interesting as would a study at trace levelaof32 (1-Cy2l1E3) or acquiring data for more

than two temperatures and also determining if this change in intensity with temperature is

reversible.

In order to find out more information about the hydration of the inositol-based surfactants,
self-diffusion coefficients were measured using a magnetic field gradient method called
DOSY (Diffusion Ordered $ectroscopy.

Because the measurements were desired to be performed in water at very low concentrations
(10* M), there were some problems which were solved by developing a new pulse sequence
(stebpgpeslsld.sek) including the suppression of water signal, and using a special type of
NMR tubes with stem coaxial inserts of type WGS-5BL from Rototec-Spintec.

The experiments were done using agueous solutioacef9 (1-CiE;l1), rac-32 (1-Cial1Es),
n-dodecyl hexaethylene oxide ifEs) and n-dodecylf-maltoside [-Ci2G,) for
concentrations from 0.8 cnto 6 cmc

The results for the diffusion coefficient of free monomBx,4.0, which were obtained

performing experiments at concentrations below the em& presented in Table 5.4.
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Studying these values, one could say that the molecules of novel inositol-based derivatives,
rac-19 (1-C;2Esl;) andrac-32 (1-CialiEs), are moving slower than the reference systems
which can lead to the conclusion that the hydrodynamic raBiysof the inositol derivatives

has a higher value than the hydrodynamic radis) (of the reference systems, and

consequently, inositol-based surfactants molecules are more hydrated.

Table5.4. The cmcmeasured Rono for the four surfactants

Surfactant c = 0.8 cmd103, mol I'' | Dmond 10, NP s
n-dodecylf-maltoside §-C;.G,) 0.13 3.86
rac-19 (1-CioEsl,) 0.11 3.79
rac-32 (1-Cyol1Es) 0.30 3.64
n-dodecyl hexaethylene oxide {Eg) 0.07 4.894

Rounding theDono-values in Table 3.6 according to the errors given in section 7.5 (3.86 *
0.09, 3.79 £ 0.09, 3.64 + 0.04, 4.89 = 0.07) one clearly sees that the self-diffusion coefficients
of the two inositol-based surfactants and of the sugar surfactant are the same, while that of
Ci2Esis larger.

A possible reason foDcioes > Dciogz could be simply the lower total surfactant
concentration. Arguing via the total surfactant concentration explains the resultgBgr C
C12G; andrac-19. However, the value obtained fosic-32 should be much lower if it were

only the total surfactant concentration that plays a role. One possible explanation could be the
different shape of the molecules (stiff, rod-like in case pGzandrac-19, coil-like in case

C12Es andrac-32). In other wordsrac-32 has the same coefficient eec-19 at a much larger

total surfactant concentration as it is coil-like rather than rod-like. Another explanation could
be the contribution of pre-micellar aggregates (dimmers, trimers, tetramers, etc). These
aggregates could decrease g, value significantly compared to a solution of “real”
monomers. At the time being, these are only speculations.

Self-diffusion coefficients measured for concentrations abovertitecan be used to infer
informationabout the possible size/structure of micelles present, but for the time being, these
studies were not finished, therefore they are not included in the present work.
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6. SUMMARY AND OUTLOOK I

n-Dodecyldimethyl phospine oxide {fDMPO) was synthesized and purified for an ongoing
project at University College Dublin (UCD) under the supervision of Prof. Dr. Cosima
Stubenrauch. This project aims to study the correlation between single foam films and foams
by varying the surfactant mixing ratio, thus providing new insights into how to tune the
properties of foams.

The special property of phosphine oxides to bind various metal cations through ion dipolar
interactions inspired the question if it would be possible to induce supramolecular order like
e.g. thermotropic or lyotropic liquid crystallinity in phosphine oxides amphiphiles.

The preparation of GDMPO metal complexes consisted in mixing the phosphine oxide with
various metal salts for ~ 1.5 h at room temperature in presence of a proper solvent (methanol

or water), followed by the concentration to dryness (Scheme 6.1).

CqoH

\\P/ 12M25
. )

IU F M X solvent, rt I\fllm Xm-

AT\ e |
52 7
!

- \\012H25

Scheme 6.1. Synthetic step towards thedodecyldimethyl phospine
oxide (G2DMPO) metal complexes

A number of homogeneous products were obtained showing sharp transition temperatures
indicating a defined complexation (Table 6.1).

The analytical methods used to confirm the complexation;giDlM@PO were X-ray analysis

and infrared spectroscopy (IR). The crystalline structure of the comp@MPO : CuC} is
presented in Fig. 6.1. As can be seen from Table 6.1 the melting points of these complexes are
relatively low, hence a proper recrystallization was not successful. The crystalline structure

which is presented in Fig. 6.1 was obtained from the melt of respectively compound.
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Fig. 6.1. Crystal structure of GDMPO : CuC} complex.

The infrared analysis of the phosphine oxide metal complexes showed ADMRD is able

to form complexes with metal salts depending both on cation and anion.

The thermotropic and lyotropic mesomorphism were investigated by polarizing microscopy
(PM) and differential scanning calorimetry (DSC). Their thermotropic phase transition data
are summarized in Table 6.1. Three of studied mixtures exhibit crystalline polymorphism but

none of the observed phases were thermotropic liquid crystalline.

Table 6.1. Composition and transition temperatures of ti@®IPO : salt mixtures

M™] X" | Hmg]|Cr| | Cr, | | Crs| |
cu* Cl + | « | 55/53,4(28,0 .
cw’| so - « | -/51.1(1.65)| | 83/79,1(11,9) .
cu Br + | 48/48,9 (25,4 .
Ct"| BFs + | o« | -/345(13)] - 55/54,5 (0,5) L)
Cu'| CH/0, | - - | 83/81,4 (34,3 .
CU/ | CHsCOO | - - |83/82,3(27,3 .
Li* Cr + | « | 92/935(0,3)] | 116,0/115,9 (3,5) .
Li* Br + | o [ 72/69,9 (17,5 .
Na’ Cr - » | 85/81,0 (27,7 .

EBITemperatures given in °C: PM / DSS8H in kJ/mol); MHiei = AHapdX:M c120mpot XoMsan);

%, X2 = molar fraction; M,,smeasured by DSC; Hmg = Homogeneity;

[b] Complex thermal behavior upon repeated heating/cooling cycles, the clearing point is not
visible in DSC and in PM is between 70 — 90°C. PM = polarized microscopy; Cr = crystalline;
Iso = isotropic.

Most of the G.DMPO metal complexes show lyotropic mesomorphism, their penetration
experiments presenting various types of mesophases.

Being easy to synthesize and non-toxigoOBAPO could be a good solution for metal
extractions, therefore should be further investigated, especially for other valuable metals like
Hg, Pt, Pd, etc.
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7. EXPERIMENTAL PART

7.1. General

Water or air sensitive reactions were carried out under an argon atmosphere using Schlenk
techniques. The glassware was flame-dried in high vacuum (0.5-1 mbar) and allowed to cool
down under an argon atmosphere. The syringes, needles and transfer cannulas were dried in

an oven at 70°C and were flushed with argon directly before use.

Solvents and reagents

Reagents and solvents were purchased tverck, Aldrich, Fluka, Strem, Lancaster, Acros,
Glycon or Deutero (deuterated solvents for NMR Spectroscopy) and were used without
further purification except the following cases:

Pyridine was dried by distillation from CaHand stored over molecular sieve (4 A) under
argon.

CH,Cl, was dried by distillation from CaHunder argon atmosphere prior to use.

THF and toluene were dried by distillation from sodium/benzophenone under argon
atmosphere prior to use.

DMF was dried by distillation from MgSfat reduce pressure and stored over molecular
sieve (3 A) under argon.

MeOH was dried by distillation from magnesium and stored over molecular sieve (3 A) under

argon.

Distillations
The solvent evaporation from reaction mixtures was done using a rotary evapotatdr
from Buchi (pressure 10-1013 mbar, water bath temperature: 40 °C). The advanced drying

was performed at room temperature by applying an oil-pump vacuum.

Molecular sieves
Molecular sieves (3 A or 4 A, frorRoth) were dried under vacuum at 300 °C and stored

under argon atmosphere.
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Pressure reactor
Reactions under pressure were carried out using an autddiamtave 35624 DN5010 bar

from Buchi.

Flash-chromatography
Chromatographic purification and separation was done using silica 60 (230-400 mesh)

supplied by Merck

Thin layer chromatography (TLC)

Qualitative analysis of reaction mixtures via TLC was done uMegckTLC-aluminium

sheets coated with silica 60 F 254. The staining reagent used was a solution of potassium
permanganate. The correspondingz®ues were determined as the distance travelled by the
compound (the middle of spot) divided by the distance travelled by the solvent. The,KMnO
solution was prepared from 3 g KMa@ixed with 20 g KCOs, 5 ml NaOH 5% aq, and 300

ml water.

Melting points (m.p.)
Melting points were measured by PM (Polarized Microscopy) or DSC (Differential Scanning

Calorimetry) (see below).

Differential Scanning Calorimetry (DSC)
The differential scanning calorimetry analyses were carried out uditegteer TA 3000/DSC
30-S instrument with TA 72.5 software.

Polarized Microscopy PM)
The polarized microscopyPM) analyses were carried out using-@itz Laborlux 12 Pol
microscope equipped with a LinkarRliIMS 600 hot stage and a Linkd8kiM 91 control unit.

Nuclear magnetic resonance (NMR)

The 'H-NMR -spectra were recorded on Bruker Avance Il 600 (600 MHz) or Bruker Avance
DRX 500 (500 MHz) apparatus. Chemical shiiy dre given in ppm relative to the solvent
reference as the internal standard (CP€l= 7.26 ppm, DMSO-¢ 6 = 2.50 ppm). Data are
reported as follows: chemical shift (multiplicity: s for singlet, d for doublet, t for triplet, and m

for multiplet, coupling constant [Hz], integration, atom number).
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The*C-NMR spectra were recorded on Bruker Avance Il 600 (150 MHz) or Bruker Avance
DRX 500 (125 MHz) apparatus. Chemical shifiy dre given in ppm relative to the solvent
reference as the internal standard (CP@€l= 77.00 ppm, DMSO+l 6 = 39.43 ppm). Data

are reported as follows: chemical shift (multiplicity: s for quaternary carbon, d for tertiary
carbon, t for secondary carbon, q for primary carbon, atom number). Multiplicities were
assigned based on the APT (Attached Proton Test) spectra.

Numbering of the atoms was done based on the priority of the atom-containing subunit on the
name of compound. Numbers stand for both, carbon and hydrogen atoms. Spectra processing
was done using the programs Mestres@ Topspin.

DOSY experiments were performed on a Bruker Avance Il 600 spectrometer, equipped with a
600 MHz (14.1 Tesla) Narrow bore magnet and a 5 mm TBI probe head. The system is
equipped with a field gradient probe, capable of generating field gradients strength of 1.0

T/m. The measurements were performed at 25 °C.

Fourier transform infrared spectroscopy (FT-IR)

IR-spectra were recorded onRerkin ElmerFT-IR Paragon 1000 spectrometer as ATR
(Attenuated Total Reflectance) using a ZnSe-crystal. Absorption bands are given in wave
numbers §, cmi?). Intensities of the bands are given as follows: ‘s’ for strong bands, ‘m’ for
bands with medium intensity and ‘w’ for weak signals. Broad bands are marked with

supplement ‘br’.

Mass spectrometry
Mass spectraMS) were recorded onkinniganincos 50 Galaxy System, and high resolution
mass spectradR-MS) were recorded on Einnigan MAT 900S. The method of ionization is

given individually at each spectrum in parentheses.

Elemental analysegEA)
Elemental analyses were carried out using an Elementart Vario El instrument.

X-ray
The crystal data were recorded oN@nius-KappaCCD-diffractometer.
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Surface tension measurements

The surface tensions were measured as a function of the surfactant concentration by Du Noly
ring method, using a STA1 Tensiometer from Sinterface Technologies. All samples were
prepared with Milli-Q water.
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7.2. Studies towards the synthesis of alkyl-oligoethoxylatedhyo-inositol

derivatives

7.2.1 Synthesis of 10-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]-3,4,5,6-tetra-O-

benzyl-myo-inositol (rac-18)

C12H25

BnO

BnO OH 1 Bu,SnO/MeOH, reflux, ?h n CizHas
2.CsF/DMF, rt, 48h

rac-6 rac-18

2.5 g (4.63 mmol) of 3,4,5,6-tet@-benzylmyainositol (ac-6) and 1.17 g (4.30 mmol) of
di-n-butyltin oxide were dissolved in 100 ml dry methanol and refluxed for 3 hours under
argon. The crude mixture was cooled to r.t. and the solvent was evaporated. To the residual
syrup 1.4 g (9.21 mmol) of caesium fluoride were added and the mixture was kept under high
vacuum for 1 hour, when a solution of 4.37 g (9.25 mmol) of tosglate 100 ml dry DMF

was added and the reaction was allowed to proceed at r.t. for 48 h. 70 ml MTBE were added
and the resulting mixture was washed with 50 ml water, 40 sC@Qaand again 50 ml water.

The combined organic fractions were dried over Mg&@d solvents were evaporated. The
crude product was purified by flash chromatography (silica, DCM:EtOAc = 4312}

The benzylated ra@é8 was obtained as a yellow oil (1.9 g, 2.26 mmol, 50 %).

OH
BnO
n ' v
V\O/f\/ W;
OBn 2
rac-18

M (CszH7.09) = 841.1227 g/mol;

TLC (SiO,, CyHex:AcOEt = 7:3)R; = 0.17;

'H-NMR (500 MHz, CDC}): & [ppm] = 7.27 — 7.38 (m, 20H; 20 Aryl-H), 4.71 — 3.0m,

8H; 4 OCH from Bn), 4.32 (t3 = 2.5 Hz, 1H; 2-H), 4.03 (£J = 9.5 Hz, 1H; 4-H), 3.93 (t,
%) =9.5 Hz, 1H; 6-H), 3.76 — 3.82 (m, 2H; 1’-H), 3.53 — 3.67 (m, 10H; 5 Ptriethylene
oxide chain), 3.39 — 3.46 (m, 4H; 3-H, 5-H arldH), 3.28 (dd3J = 2.5 Hz3J = 9.5 Hz, 1H;
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1-H), 2.95 (s, 1H; OH), 1.58 (m, 2HYH), 1.21 — 1.35 (m, 18H; 9 Ghbf dodecyl chain),

0.88 (t,2J = 6.9 Hz, 3H; 1Y-H);

13C-NMR (125 MHz, CDC}): & [ppm] = 138.89, 138.71, 138.68, 138.08 (4s; #iobh Aryl),
128.34, 128.28, 128.25, 128.03, 127.92, 127.81, 127.76, 127.66, 127.50, 127.46 (10d; 10 CH
of Bn), 83.03 (d; C-5), 81.18 (d; C-4 or C-6), 81.14 (d; C-4 or C-6), 81.11 (d; C-1), 79.63 (d;
C-3), 75.92, 75.86, 75.74 (3t; 4 OgHf Bn), 72.41 (t; C-1), 71.51 (t; C¥), 70.72, 70.55,
70.46, 69.94, 69.64 (5t; 5 OGHf triethylene oxide chain), 66.84 (d; C-2), 31.87, 29.63,
29.60, 29.58, 29.52, 29.46, 22.31, 26.02, 22.65 (9 t; 19dfldodecyl chain), 14.10 (q; C-
12Y);

FT-IR (ATR) 0 [cm™] = 3446 (br, m), 2921 (s), 2852 (s), 1723 (w), 1495 (w), 1452 (m),
1357 (m), 1275 (W), 1209 (w), 1087 (s), 1069 (s), 1027 (m), 731 (s), 695 (s), 614 (W);

MS (positive ESI) m/z (%): 836.61 (100) [M+NaJ773.40 (6), 319.22 (4);

HR-MS (ESI) calc. for G;H7:0oNa [M+Na]': 863.507, found: 863.507.

7.2.2. Synthesis of D-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-19)

OH

BnO
BnO _HPpc Pd/C
BnO O\e/\o’) Crats NieoH, FroAe \e/\ %CQH%
3

OBn
rac-18 rac- 19

A solution of 0.640 g (0.76 mmolpac-18 in 10 ml of a MeOH:EtOAc = 3:1 mixture was
degassed with argon for 30 min. To this solution, 0.080 g (0.076 mmol) Pd (10% supported
on charcoal) were added and the reaction was proceeded under hydrogen atmosphere
(pressure ~ 8 bar) for 3 days. The resulting mixture was filtrated over celite and concentrated
to dryness. The crude product was purified by flash chromatography (silica, DCM:MeOH =
4:1). The pentotac-19 was obtained as a white waxy solid (0.328 g, 0.68 mmol, 90 %).

OH
HO
Yo M\ o) 2 0 LR V¥
OH 2
rac-19

M (C24H4809) = 480.6325 g/mol;
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TLC (SiO,, DCM:MeOH = 4:1): R=0.34;

Melting point: liquid crystal (see Table 3.1, chapter 3.2.1. Thermotropic mesomorphism);
'H-NMR (600 MHz, DMSO-@): 5 [ppm] = 4.58 (d3J = 3.4 Hz, 1H; OH), 4.50 (fJ = 3.1
Hz, 1H; OH), 4.44 (d*J = 4.3 Hz, 1H; OH), 4.37 (m, 2H; 2 OH), 3.88 (m, 1H; 2-H), 3.58 —
3.69 (m, 2H; 1'-H), 3.48 — 3.55 (m, 8H; 4 OgHif triethylene oxide chain), 3.40 — 3.47 (m,
3H; 6-H and OCHof triethylene oxide chain), 3.37 — 3.31 (m, 3H; 4-H aleH), 3.09 (d,
3J= 8.3 Hz, 1H; 3-H), 2.98 (ddJ = 2.3 Hz,%J = 9.7 Hz, 1H; 1-H), 2.91 (ddd) = 2.6 Hz,*J

= 8.9 Hz,% = 9.0 Hz, 1H; 5-H), 1.44 — 1.48 (m, 2HY-M), 1.17 — 1.30 (m, 18H; 9 G+bf
dodecyl chain), 0.85 (8J = 6.5 Hz, 3H; 153-H);

3C-NMR (150 MHz, DMSO-@): & [ppm] = 80.48 (d; C-1), 75.19 (d; C-5), 72.37 (d3%;
71.73 (d; C-4 or C-6), 71.60 (d; C-4 or C-6), 70.21 (t;"'(-69.94, 69.68, 68.36, 68.33 (4 t; 5
OCH; of triethylene oxide chain), 68.32 (d; C-2), 68.33 (t; Q@Htriethylene oxide chain),
31.20, 29.10, 28.92, 28.77, 28.61, 25.55, 21.99 (7t; 19 @&¥Hodecyl chain), 13.85 (qg; C-
12%);

FT-IR (ATR) 0 [cm™] = 3357 (br, m), 2919 (s), 2851 (s), 1456 (m), 1351 (m) 1113 (br, s),
859 (m), 720 (m);

MS (positive ESI) m/z (%): 503.22 (100) [M+Na}81.26 (8);

HR-MS (ESI) calc. for G4H4g0oNa [M+Na]': 503.319, found: 503.320.

7.2.3. Synthesis of 1,3,4,5,6-pent@-benzyl-2-0-[2'-[2"-[2"'-(dodecyloxy)ethoxy] ethoxy]
ethyl]-myo-inositol (20)

OH TsO o CigHos 0 CioHas
BnO A BnO 0

17 3
BnO » BnO
BnO OBn NaH/DMF, rt, 60h BnO OBn

OBn OBn

To a solution of 0.133 g (3.33 mmol) NaH (55-65% in mineral oil) in 50 ml dry DMF were
added 1.5 g (2.38 mmol) of compoudinder argon atmosphere and the mix was stirred at
0°C for 15 min when 1.57 g (3.33 mmol) of tosyldfé were introduced and the reaction
proceeded under argon for 60 h at r.t. The resulting mixture was poured onto 100 ml ice-water
and 70 ml brine were added. After extraction with EtOAc (3 x 80 ml) the combined organic
layers were dried over MgSQQfiltrated and dried under vacuum. The crude product was
purified by flash chromatography (silica, CyHex:EtOAc = 4:1).
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The benzylated derivative 20 was obtained as a colourless oil (1.991 g, 2.14 mmol, 90%).

O . ' O . 2[v 12[v
BnO \/\O/N &
2 9
BnO
BnO M OBn

OBn
20

M (CsgH7809) = 931.2452 g/mol;

TLC (SiO2, CyHex:EtOAc = 4:1): R=0.37;

'H-NMR (500 MHz, CDC}): & [ppm] = 7.26 — 7.34 (m, 25H; 5 Aryl-H), 4.67 — 4.89,

10H; 5 CH of Bn), 3.95 — 4.01 (m, 5H; 2-H, 4-H, 6-H and 1'-8)53 — 3.67 (m, 10H; 5
OCH, of triethylene oxide chain), 3.44 (dJ,= 6.65 Hz,>J = 11.72 Hz, 1H; 5-H), 3.40 (£}

= 6.86 Hz, 2H; ¥-H), 3.32 (dd3J = 2.02 Hz3J = 9.84 Hz, 2H; 1-H and 3-H), 1.51 — 1.57 (m,

2H; 2-H), 1.24 — 1.31 (m, 18H; 9 G+df dodecyl chain), 0.88 ) = 6.91 Hz, 3H; 1¥-H);
13C-NMR (125 MHz, CDC}): & [ppm] = 138.78, 138.75, 138.30 (3s; 5 C of Bn), .BZ8
128.33, 128.29, 128.02, 127.84, 127.64, 127.61, 127.50 (8d; 25 CH of Bn), 83.58 (d; C-5),
81.56 (d; C-4 and C-6), 80.64 (d; C-1 and C-3), 75.95, 75.83, 72.65 (3t; bf@n), 75.68

(d; C-2), 72.42 (t; C-1"), 71.53 (t; CY), 70.87, 70.64, 70.60, 70.57, 70.00 (5t; 5 Q@
triethylene oxide chain), 31.90, 29.65, 29.63, 29.61, 29.59, 29.48, 29.34, 26.06, 22.68 (9t; 10
CH, of dodecyl chain), 14.12 (q; C-1p

FT-IR (ATR) 0 [cm™] = 3023 (w), 2921 (m), 2851 (m), 1495 (w), 1453 (m), 1358 (m), 1304
(w), 1208 (w), 1085 (br, s), 1067 (s), 1038 (m), 1027 (m), 731 (s), 694 (s);

MS (positive ESI) m/z (%): 953.54 (100) [M+Na]L81.5 (4), 91.06 (4);

HR-MS (ESI) calc. for GoH-gOoNa [M+Na]: 953.554; found: 953.554;

EA: calc: 76.10 % C; 8.44 % H; found: 75.98% C; 8.59% H.

7.2.4. Synthesis of B-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol (21)

0 Ci2Hos o) Ci2Has
BnO \é/\o% HO o7,

3
BnO Hy, PA/C HO

_—
BnO OBn MeOH, AcOEt HO OH

OBn OH
20 21
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A solution of 1.60 g (1.76 mmol) compou@® in 30 ml of a MeOH:EtOAc = 3:1 mixture

was degassed with argon for 30 min. To this solution, 0,187 g (0.17 mmol) Pd (10%
supported on charcoal) were added and the reaction proceeded under hydrogen atmosphere
(pressure ~ 8 bar) for 5 days. The resulting mixture was filtrated over celite and concentrated
to dryness. The crude product was purified by flash chromatography (silica, DCM:MeOH =
9:1). The pentol 21 was obtained as a white solid (0.74 g, 1.54 mmol, 88%).

M (C24H4g00) = 480.6325 g/mol;

TLC (SiO2, DCM:MeOH = 4:1): R= 0.38;

Melting point: liquid crystal, (see Table 3.1, chapter 3.2.1. Thermotropic mesomorphism);
'H-NMR (500 MHz, DMSO-g): & [ppm] = 4.59 (dd3J = 4.39 Hz3J = 8.06 Hz, 3H; 3 OH),
4.39 (d,3) = 5.72 Hz, 2H; 2 OH), 3.76 (}) = 5.16 Hz, 2H; 1'-H), 3.44 — 3.52 (m, 11H; 2-H
and 5 OCH of triethylene oxide chain), 3.35 @] = 6.62 Hz, 2H; Y-H), 3.29 (dt,%J = 4.50
Hz,3J = 9.37 Hz,3 = 9.30 Hz, 2H; 4-H and 6-H), 3.15 — 3.18 (m, 2H; 1-H and 3-H), 2.87
(ddd,3J = 4.26 Hz3J = 8.99 Hz2J = 9.01 Hz, 1H; 5-H), 1.48 — 1.43 (m, 2H'-B), 1.24 —
1.31 (m, 18H; 9 Chlof dodecyl chain), 0.85 () = 6.81 Hz, 3H; 1%-H);

3C-NMR (125 MHz, DMSO-@): & [ppm] = 82.54 (d; C-2), 75.06 (d; C-5), 73.02 (d4@nd
C-6), 72.17 (t; C-1"), 71.85 (d; C-1 and C-3), 70.30 (t;"§-159.99, 69.77, 69.73, 69.67,
69.44 (5t; 5 OCHlof triethylene oxide chain), 31.30, 29.19, 29.02, 28.88, 28.72, 25.64, 22.10
(7t; 10 CH of dodecyl chain), 13.96 (q; C-1p

FT-IR (ATR) 0 [cm™] = 3254 (br, s), 2916 (s), 2846 (s), 1660 (br, w), 1468 (m), 1361 (m),
1232 (w), 1118 (s), 1082 (w), 1040 (s), 1014 (m), 960 (w), 861 (w), 715 (m);

MS (positive ESI) m/z (%): 503.24 (100) [M+Na}481.28 (8);

HR-MS (ESI) calc. for G4H4g0oNa [M+Na]': 503.319; found: 503.319.
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7.2.5. Synthesis of 4O-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol

orthoformate (25)

O/vo TSO\(/\O)/CQH% O/vo
o} 3 o}
17

HO NaH/DMF, it, 24h ~ HO

| I
OH OH

OH O\é/\oa/cm"‘zs
8 25 3

0.5 g (2.63 mmol) omyo-inositol orthoformat& were dissolved into a suspension of 0.12 g
(2.5 mmol) NaH (55-65% mineral oil) in 40 ml dry DMF under argon atmosphere and the mix
was stirred for 15 min at 0°C. 1.24 g (2.63 mmol) of tosylatevere added dropwise and the
reaction mixture was stirred under argon for additional 24 h at r.t. The crude mix was poured
onto 50 ml ice-water and 25 ml brine were added. After extraction with EtOAc (3 x 50 ml) the
combined organic fractions were dried over MgSiiltrated and concentrated under vacuum.
The crude product was purified by flash chromatography (silica, DCM:EtOAc = 4:1).

The compound 25 was obtained as colourless oil (0.795 g, 1.62 mmol, 62%).

M (C2s5H4609) = 490.6273 g/mol;

TLC (SiO2, DCM:EtOAc = 1:1): R= 0.21;

'H-NMR (500 MHz, DMSO-@): & [ppm] = 5.46 (d3J = 0.86 Hz, 1H; CH of orthoformate),
5.29 (d,%J = 6.09 Hz, 1H; 2-OH), 4.86 (d) = 6.24 Hz, 1H; 6-OH), 4.26— 4.29 (m, 1H; 5-H),
4.21 — 4.25 (m, 1H; 6-H), 4.15 (m, 1H; 4-H); 4.03 — 4.06 (m, 1H; 3-H), 3.93 #5.06 Hz,

1H; 2-H), 3.87 — 3.90 (m, 1H; 1-H), 3.59 — 3.72 (m, 2H; 1'-H), 3.42 — 3.54 (m, 10H; 5 OCH
of triethylene oxide chain), 3.35 {&] = 6.59 Hz, 2H; ¥-H), 1.42 — 1.50 (m, 2H;"2H), 1.31
—1.18 (m, 18H; 9 Chlof dodecyl chain), 0.85 ({J = 6.79 Hz, 3H; 1¥-H);
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3C-NMR (125 MHz, DMSO-g): 5 [ppm] = 102.06 (d; CH of orthoformate), 74.49 (d1®r

C-4), 74.38 (d; C-1 or C-4), 72.35 (d; C-3), 70.24 (t;'}-$9.72, 69.69, 69.60, 69.39, 68.06
(5t; 6 OCH of triethylene oxide chain), 68.25 (d; C-5), 67.18 (d; C-6), 58.70 (d; C-2), 31.25,
29.14, 29.00, 28.99, 28.96, 28.82, 28.67, 25.59, 22.05 (9t; 2@fatddecyl chain), 13.91 (q;
C-12Y);

FT-IR (ATR) 0 [cm™] = 3467 (br, m), 2920 (s), 2846 (s), 1459 (m), 1415 (w), 1350 (w),
1296 (m), 1242 (m), 1161 (s), 1092 (br, s), 990 (s), 955 (s), 876 (m), 804 (m), 769 (m), 722
(w), 694 (m);

MS (positive ESI) m/z (%): 513.20 (100) [M+Na}27.22 (4), 341.21 (10), 301.22 (6);

HR-MS (ESI) calc. for GsHseOoNa [M+Na]': 513.304; found: 513.304;

EA: calc: 61.20% C; 9.45% H; found: 61.36% C; 9.56% H.

7.2.6. Synthesis of 4O-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-26)

0 0 OH
/: HO
(0]
MeOH, HCI6M_ ¢..H 4/ \/i\o
—»
HO | reflux, 4h 12728 8 HO OH
OH
0 Ci2Has oH
(0]
3
25 rac-26

A solution of 0.625 g (1.27 mmol) compouf8 in 60 ml methanol and 11 ml HCI 6M was
heated to reflux for 4 hours. After cooling down, the mix was neutralized with NaOH 50%,
filtrated, dried over MgS@ concentrated and dried under vacuum. The crude product was
purified by flash chromatography (silica, DCM:MeOH = 9:1).

The pentofac-26 was obtained as a white waxy solid (0.503 g, 1.05 mmol, 83%).

OH
, HO
) 1Y o i
12‘“/”\”0/\)/ \2'/\0
° 2 HO OH
OH

rac-26
M (C24H4809) = 480.6325 g/mol;
TLC (SiO,, DCM:MeOH = 4:1): R=0.37;

Melting point: liquid crystal, (see Table 3.1, chapter 3.2.1. Thermotropic mesomorphism);
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'H-NMR (500 MHz, DMSO-@): & [ppm] = 4.61 (dJ = 3.47 Hz, 1H; OH), 4.56 (dd) =

4.46 Hz,*J = 9.54 Hz; 2H; 2 OH), 4.41 (d) =5.55 Hz, 1H; OH), 4.38 (d) = 5.15 Hz, 1H;

OH), 3.71 — 3.80 (m, 2H; 1'-H), 3.68 (m, 1H; 2-H), 3.44 — 3.52 (m, 10H; 5 HaH
triethylene oxide chain), 3.33 — 3.37 (m, 3H; 6-H affeH), 3.19 — 3.23 (m, 2H; 3-H and 4-

H), 3.06 -3.10 (m, 1H; 1-H), 2.99 (dtJ = 4.39 Hz3J = 4.39 Hz,%J = 13.38 Hz, 1H; 5-H),

1.43 — 1.49 (m, 2H;"2H), 1.17 — 1.30 (m, 18H; 9 G+bf dodecyl chain), 0.85 () = 6.83

Hz, 3H; 12"-H);

3C-NMR (125 MHz, DMSO-g): 5 [ppm] = 82.65 (d; C-4), 74.58 (d; C-5), 72.75 (d65;

72.60 (d; C-2), 71.52 (d; C-1), 71.17 (d; C-3), 70.82, 70.25, 68.70, 69.66, 69.54, 69.38 (6t; 6
OCH, of triethylene oxide chain), 70.02, 31.24, 29.14, 28.99, 28.98, 28.96, 28.82, 28.66,
25.59, 22.05 (10t; 11 Grof dodecyl chain), 13.91 (q; C-1p

FT-IR (ATR) 0 [cm™] = 3358 (br, s), 2920 (s), 2851 (s), 1656 (br, w), 1456 (w), 1347 (w),
1293 (w), 1245 (w), 1113 (br, s), 1058 (s), 1000 (m), 936 (w), 882 (w), 718 (m);

MS (positive ESI) m/z (%): 503.22 (100) [M+Na}481.26 (6), 440.67 (4);

HR-MS (ESI) calc. for G4H4g0oNa [M+Na]': 503.319; found: 503.319;

7.2.7. Synthesis of 1,2:4,5-dB-cyclohexylidene-30©-dodecyl-myo-inositol ¢ac-29)

0] )
o) C12HosBr <:>&
— 2 5
&O © NaH/DMF, rt, 20h © o
OH OH

rac-9 rac-29

To a solution of 0.141 g (2.94 mmol) NaH (55-65% in mineral oil) in 30 ml dry DMF were
added 0.500 g (1.47 mmol) dc-9 under argon atmosphere and the suspension was stirred at
0°C for 15 min. After the addition of 0.35 ml (0.366 g, 1.47 mmoR-dbdecyl bromide the
reaction proceeded under argon for 20 h at r.t. The resulting mixture was poured onto 100 ml
ice-water and 50 ml brine were added. After extraction with DCM (3 x 80 ml) the combined
organic fractions were dried over Mg{diltrated and dried under vacuum. The crude
product was purified by flash chromatography (silica, CyHex:EtOAc = 7:3).

The desiredac-29 was obtained as a colourless oil (0.485 g, 0.955 mmol, 65%).



7. EXPERIMENTAL PART 119

M (CsoHs206) = 508.7303 g/mol;

TLC (SiO2, CyHex:AcOEt = 7:3): R=0.36;

'H-NMR (500 MHz, CDC}): & [ppm] = 4.49 (m, 1H; 2-H), 4.00 (dd) = 5.10 Hz,J = 6.44

Hz, 1H; 1-H), 3.94 (£J = 9.74 Hz, 1H; 4-H), 3.86 (dd) = 6.71 Hz*J = 10.66 Hz, 1H;6-H),

3.71 (dd,®) = 3.48 Hz,3) = 4.43 Hz, 1H; 3-H), 3.65 (£J = 6.98 Hz, 2H; 1'-H), 3.29 (dd,
%)=9.60 HzJ = 10.48 Hz, 1H; 5-H), 2.76 (s, 1H; OH), 1.58 — 1.76 (m, 18H; 2’-H and 8 CH
of cyclohexylidene rings), 1.24 — 1.38 (m, 22H; 9 LCéf dodecyl chain and 2 GhHbf
cyclohexylidene rings), 0.87 @) = 6.91 Hz, 3H; 12'-H);

13C-NMR (125 MHz, CDC}): & [ppm] = 112.87, 110.66 (2s; 2 C of cyclohexylideitgs),

81.25 (d; C-1), 78.14 (d; C-5), 76.43 (d; C-4), 76.30 (d; C-3), 75.62 (d; C-2), 75.01 (d; C-6),
70.22 (t; C-1"), 37.74, 36.44, 36.28, 35.076 (4t; 5,@Hcyclohexylidene ring), 31.88, 29.68,
29.65, 29.61, 29.52, 29.42, 29.32, 25.98, 22.65 (9t; 19 @odecyl chain), 23.90, 23.70,
23.67, 25.58 (4t; 5 CHof cyclohexylidene ring), 14.10 (g; 12'-C);

FT-IR (ATR) 0 [cm™] = 3453 (br, w), 2922 (s), 2850 (s), 1447 (m), 1364 (m) 1332 (w),
1275 (m), 1250 (w), 1229 (w), 1162 (s), 1113 (s), 1060 (s), 1004 (m), 933 (s); 907 (s), 847
(m), 777 (m), 730 (m);

MS (positive ESI) m/z (%): 1039.74 (42) [2(M+N&)P63.72 (6), 663.42 (10), 547.31 (10),
531.31 (100) [M+N4d], 411,25 (4), 127.02 (4), 99.06 (6);

HR-MS (ESI) calc. for GoHs:0¢Na [M+Na]': 531.366, found: 531.366;

EA: calc: 70.83% C; 10.30% H; found: 70.82% C; 10.31% H.

7.2.8. Synthesis of ®-[2'-[2"-[2"-(benzyloxy)ethoxy]ethoxy]ethyl]-1,2:4,5—di-O-

cyclohexylidene-30-dodecylimyo-inositol (rac-30)

)

Bn
C12H250 \O TSO\Q/\O); C12H250 O\O
0 * - D&
DQ@/O NaH/DMF, rt, 22h ° °
OH 0\6/\0)/ Bn
3

rac-29 rac-30
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To a solution of 0.104 g (2.4 mmol) NaH (55-65% in mineral oil) in 15 ml dry DMF were
added 0.610 g (1.2 mmol) cdic-29 under argon and the suspension was stirred at 0°C for 15
min. 0.520 g (1.32 mmol) of tosyla8 were then introduced and the reaction proceeded
under argon for 22 h at r.t. The resulting mixture was poured onto 100 ml ice-water and 50 ml
brine were added. After extraction with DCM (3 x 80 ml) the combined organic fractions
were dried over MgSg)filtrated and dried under vacuum. The crude product was purified by
flash chromatography (silica, CyHex:EtOAc = 7:3).

The pure rae30 was obtained as colourless oil (0.788 g, 1.08 mmol, 90%).

M (Cy3H700g) = 731.0105 g/mol;

TLC (SiO,, CyHex: EtOAC = 7:3): R=0.36;

'H-NMR (500 MHz, CDC}): & [ppm] = 7.26 — 7.34 (m, 5H; 5 Aryl-H), 4.58 (s, 28H; of
Bn), 4.45 () = 4.56 Hz, 1H; 2-H), 4.05 (ddJ = 5.06 Hz,3J = 6.35 Hz, 1H; 1-H), 3.90 —
3.96 (m, 3H; 4-H and 1'-H), 3.65 — 3.71 (m, 10H; 5 QQGHtriethylene oxide chain), 3.60 —
3.64 (m, 3H; H-3 and™H), 3.57 (dd3J = 6.61 Hz2J = 10.27 Hz, 1H; 6-H), 3.30 (dd, 1E]

= 9.42 Hz3J = 10.51; H-5), 1.58 — 1.76 (m, 18HY-H and 8 CH of cyclohexylidene ring),
1.24 — 1.38 (m, 22H; 9 Gt+bf dodecyl chain and 2 Gléf cyclohexylidene ring), 0.87 {) =
6.92 Hz, 3H; 1%-H);

3C-NMR (125 MHz, CDC}): & [ppm] = 138.24 (s; C from Aryl), 128.32, 127.72,71%4
(3d; 5 CH of Aryl), 112.43, 110.45 (2s; 2 C of cyclohexylidene rings), 82.40 (d; C-6), 80.71
(d; C-1), 78.23 (d; C-5), 76.24 (d; C-4), 76.17 (d; C-3), 75.64 (d; C-2), 73.20 tpfOBh),
70.63, 70.48, 70.39, 70.33, 70.19, 70.07 (6t; 6 @GHriethylene oxide chain), 69.40 (t; C-
1), 37.96, 37.72, 36.42, 36.38, 35,13 (5t; 5,0 cyclohexylidene ring), 31.89, 29.86,
29.71, 29.66, 29.61, 29.44, 29.33, 25.99, 22.67 (9t; 19 dHodecyl chain), 25.03, 24.97,
23.93, 23.75, 23.58 (5t; 5 Gldf cyclohexylidene ring), 14.11 (s, C)2
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FT-IR (ATR) 0 [cm™] = 2923 (s), 2851 (s), 1448 (m), 1363 (m), 1331 (w), 1276 (m), 1250
(w), 1229 (w), 1162 (m), 1096 (br, s), 1030 (m), 934 (s), 907 (s), 847 (m), 777 (m), 732 (m),
696 (m);

MS (positive ESI) m/z (%): 753.44 (100) [M+Na]

HR-MS (ESI) calc. for GsHzgOoNa [M+Na]': 753.491, found: 753.491;

EA: calc: 70.65% C; 9.65% H; found: 70.26%C; 9.58% H.

7.2.9. Synthesis of 1,2:4,5-dB-cyclohexylidene-30©-dodecyl-6-O-[2'-[2"-[2™-(hydroxy)
ethoxy]ethoxy]ethyl]-myo-inositol (rac-31)

(0] (6]
C12H250, C12H250,
o H,, PA/C o
— =
0 0 MeOH, EtOAc 0 0
0 Bn o) H
o L
3 3

rac-30 rac-31

A solution of 0.586 g (0.803 mmoiac-30 in 38 ml of a MeOH:EtOAc = 3:1 mixture was
degassed with argon for 30 min. To this solution, 0,085 g (0.080 mmol) Pd (10% supported
on charcoal) were added and the reaction mixture was stirred at r.t. under hydrogen
atmosphere (pressure ~ 1.5 bar) for two days. The resulting mix was filtrated over celite and
concentrated to dryness. The crude product was purified by flash chromatography (silica,
DCM: EtOAc = 3:2— 1:1). The desiredac-31 was obtained as a white solid (0.503 g, 0.786
mmol, 98%).

M (CseHe4Og) = 640.4550 g/mol;

TLC (SiO;, DCM:EtOAC = 2:3): R= 0.34;

'H-NMR (500 MHz, CDC}): & [ppm] = 4.47 (t2) = 4.47 Hz, 1H; 2-H), 4.07 (£) = 5.6 Hz,
1H; 1-H), 3.88 — 3.96 (m, 3H; 4-H and 1'-H), 3.64 — 3.72 (m, 11H; 3-H and 5,Q@EH
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triethylene oxide chain), 3.60 — 3.64 (m, 2i:H), 3.57 (dd3J = 4.0 Hz,) = 6.4 Hz, 1H; 6-

H), 3.32 (m, 1H; 5-H), 2.98 (s, 1H; OH), 1.58 — 1.76 (m, 18M:H2and 8 CH of
cyclohexylidene rings), 1.24 — 1.38 (m, 22H; 9 L£bf dodecyl chain and 2 GHof
cyclohexylidene rings), 0.87 &) = 6.83 Hz, 3H; 1%-H);

13C-NMR (125 MHz, CDC}): & [ppm] = 112.59, 110.44 (2s; 2 C of cyclohexylideitgs),

82.35 (d; C-6), 80.69 (d; C-1), 78.10 (d; C-5), 76.27 (d; C-4), 76.12 (d; C-3), 75.69 (d; C-2),
72.61 (t; C-Y), 70.57, 70.54, 70.23, 70.00, 61.70 (5t; 6 QG triethylene oxide chain),
37.73, 36.43, 36.34, 35.11 (4t; 4 ¢bf cyclohexylidene ring), 31.91, 29.72, 29.68, 29.63,
29.45, 29.35, 26.00, 22.68 (8t; 10 £éf dodecyl chain), 25.01, 24.96, 23.94, 23.81, 23.75,
23.60 (6t; 6 CH of cyclohexylidene ring), 14.13 (q; C-ip

FT-IR (ATR) U [cm] = 3447 (br, w), 2921 (s), 2850 (s), 1456 (m), 1448(m), 1364 (m),
1277 (m), 1249 (w), 1229 (w), 1162 (m), 1108 (br, s), 1067 (s), 1035 (m), 1011 (m), 964 (w),
936 (m), 908 (m), 849 (w), 833 (w), 778 (w), 729 (w);

MS (positive ESI) m/z (%): 663.43 (100) [M+NaR41.10 (4);

HR-MS (ESI) calc. for GeHgsOgNa [M+Na]': 663.444, found: 663.445.

7.2.10 Synthesis of O-dodecyl-40-[2'-[2"-[2"-(hydroxy)ethoxy]ethoxy]ethyl]- myo-
inositol (rac-32)

OH
12H250 C12H25O
CH;, COOH/HZO HO

rel‘lux 2.5h HO OH

rac- 31 rac-32

0.197 g (0.307 mmol) afac-31 with a mixture of 0.73 ml (0.76 mg, 12.7 mmol) glacial acetic

acid and 0.18 ml water were heated to reflux for 2.5 hours. The resulting mixture was
evaporated under reduced pressure to dryness. In order to remove the remaining traces of
acetic acid the mix was dissolved in methanol (2 x 20 ml) and toluene (2 x 30 ml) and
subsequently concentrated. The crude solid product was purified by flash chromatography
(silica, DCM:MeOH = 9:1).The tetralac-32 was obtained as a white waxy solid (0.103 g,
0.214 mmol, 70%).
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M (C24H4509) = 480.6325 g/mol;

TLC (SiO,, DCM:MeOH = 8:1): R=0.36;

Melting point (DSC): 80.6 °C;

'H-NMR (500 MHz, DMSO-@): & [ppm] = 4.56 — 4.58 (m, 2H; OH of triethylene oxide
chain and 5-OH), 4.49 — 4.48 (m, 2H; 2-OH and 6-OH), 4.43)(¢; 4.88 Hz, 1H; 3-OH),
3.85 (m, 1H; 2-H), 3.72 — 3.81 (m, 2H; 1’-H), 3.35 — 3.52 (m, 13H; 5 ©G@Hriethylene
oxide chain, 6-H and“H), 3.23 — 3.20 (m, 2H; 3-H and 4-H), 3.01 (dd= 6.54 Hz,*J =
13.03 Hz, 1H,; 5-H)2.88 (dd2J = 2.08 Hz2J = 9.69 Hz, 1H; 1-H), 1.47 (m, 2H2H), 1.28
—1.24 (m, 18H; 9 Chof dodecyl chain), 0.85 () = 6.80 Hz, 3H; 1¥-H);

13C-NMR (125 MHz, CDCH): & [ppm] = 82.37 (d; C-4), 79.81 (d; C-1), 74.63 (d5§;71.78

(d; C-6), 71.03 (d; C-3), 69.12 (d; C-2), 69.04 (t; ©);72.24, 69.98, 69.57, 69.54, 60.11 (5t;

6 OCH, of triethylene oxide chain), 31.19, 29.50, 28.97, 28.91, 28.60, 25.48, 21.98 (7t; 10
CH, of dodecyl chain), 13.85 (q, C-ip

FT-IR (ATR) 0 [cm] = 3398 (br, s), 2919 (s), 2850 (s), 1660 (W), 1463 (W), 1347 (w), 1296
(w), 1245 (w), 1119 (w), 1081 (br, s), 1021 (m), 933 (w), 885 (w), 708 (w);

MS (positive ESI) m/z (%): 503.27 (100) [M+Na}81.29 (4);

HR-MS (ESI) calc. for G4HsgOoNa [M+Na]': 503.319, found: 503.320;

EA: calc: 59.97% C; 10.07% H; found: 59.70% C; 9.99% H

7.2.11. Synthesis of ®-dodecyl-1,6:3,4-bisO-(2’,3’-methoxybutane-2’,3’-diyl)-myo-
inositol (33)

OH

OMe o gMe OMe gMe
0 z z 0 G
7 C,H,sBr 7
_——
. . NaH/DMF, 1t, 15h . .,
o TS "y W O\\\\\ o ly
OMe OMe OMe OMe

OC12Hos
33
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0.5 g (1.22 mmol) compountd was dissolved into a suspension of 0.03 g (1.47 mmol) NaH
(in 55-65% mineral oil) in 40 ml dry DMF and the mix was stirred for 1h at 70°C under
argon. After cooling down, 0.87 ml (0.90 g, 3.6 mnuadin-dodecyl bromide were added and

the mixture was stirred under inert atmosphere for 15h at r.t. The crude mixture was poured
onto 80 ml ice-water and extracted with EtOAc (3 x 50 ml). The combined organic fractions
were dried over MgSg) filtrated, concentrated and dried under vacuum. The crude product
was purified by flash chromatography (silica, DCM:EtOAc = 4:Cpmpound30 was
obtained as a white powder (0.277g, 0.480 mmol, 40%).

o
o s

A\
OMe

(@)

M (C30H56010) = 576.7596 g/mol;

TLC (SiO2, CyHex:EtOAc = 1:1): R= 0.41;

Melting point (DSC): 110 °C;

'H-NMR (500 MHz, CDC}): & [ppm] = 3.98 (t3J = 9.84 Hz, 2H; 4-H and 6-H), 3.70 {t] =

6.45 Hz, 2H; 1"-H), 3.61 — 3.65 (m, 2H; 2-H and 5-H), 3.46 {dd; 2.26 Hz3J = 10.28 Hz,

2H; 1-H and 3-H), 3.22, 3.26 (2s, 12H; 2 2'-O¢C&hd 2 3-OCH), 2.42 (s, 1H; OH), 1.54 —
1.60 (m, 2H; 1"-H), 1.25 — 1.35 (m, 30H; 9 ¢bf dodecyl chain, 2 1'-tand 2 4'-H), 0.87 (t,
31=6.91 Hz, 3H; 12"-H);

3C-NMR (125 MHz, CDC}): & [ppm] = 99.51, 99.01 (2s; 2 C-2’ and 2 C-3'), 76(88C-5),
72.57 (t; C-17), 70.75 (d; C-2), 69.27 (d; C-4 and C-6), 69.03 (d; C-1 and C-3), 47.90, 47.81
(2q; 2 2-OCH and 2 3-OCH), 31.92, 30.09, 29.74, 29.69, 29.65, 29.60, 29.36, 26.00, 22.68
(9t; 10 CH of dodecyl chain), 17.77, 17.64 (2qg; 2 C-1' and 2 C-4'), 14.12 (qg; C-127);

FT-IR (ATR) & [cm™] = 3502 (br, m), 2921 (s), 2851 (s), 1457 (m), 1373 (s), 1112 (br, s),
1034 (s), 950 (m), 917 (m), 882 (m), 845 (m), 781 (m), 728 (m), 672 (m), 629 (M);

MS (positive ESI) m/z (%): 599.36 (100) [M+Na]

HR-MS (ESI) calc. for GoHseO10Na [M+Na]': 599.377; found: 599.377;

EA: 62.47% C; 9.79% H; found: 62.49% C; 9.77% H.
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7.2.12. Synthesis of B-[2'-[2"-[2"-(benzyloxy)ethoxy]ethoxy]ethyl]-5- O-dodecyl-
1,6:3,4-bisO-(2,3-methoxybutane-2,3-diyl)myo-inositol (34)

OH O\(\/\O%’; Bn

M o 2V TSO\é/\C’)/ " Mes o Ve
= = 3 = =
- 28 =
. ., NaH/DMF, 1t,20h »
WL o Kol W N oW Rl
OMe OMe OMe OMe
OCj,Has OC12Has
33 34

0.5 g (0.86 mmol) oB3 were dissolved into a suspension of 0.05 g (1.04 mmol) NaH (55-
65% mineral oil) in 30 ml dry DMF and the mix was stirred for 15 min at 0°C under argon.
0.41 g (1.04 mmol) of tosylat28 were added dropwise and the reaction mixture was stirred
under inert atmosphere for additional 20 h at r.t. The crude mix was poured onto 70 ml ice-
water and 25 ml brine were added. After extraction with DCM (3 x 50 ml) the combined
organic fractions were dried over Mgg@ltrated, concentrated and dried under vacuum. The
crude product was purified by flash chromatography (silicagel, CyHex:EtOAc = 6:1).

The benzylated 34 was obtained as colourless oil (0.479 g, 0.60 mmol, 70%).

OMe

-~ §:0
04
A 3
4'\\\\ 0)

W
OMe

M (C43H74013) = 799.0399 g/mol;

TLC (SiO2, CyHex:EtOAc = 7:3): R= 0.24;

'H-NMR (500 MHz, DMSO-@): & [ppm] = 7.33 — 7.33 (m, 5H; 5 Aryl-H), 4.55 (s, 28H,
of Bn), 4.03 — 4.00 (m, 2H; 4-H and 6-H), 3.93 (8#l= 4.79 Hz,3J = 5.15 Hz, 2H; 1"-H),
3.60 — 3.69 (m, 12H; 5 OGHbf triethylene oxide chain and-H), 3.58 (m, 1H; 2-H), 3.43 —
3.45 (m, 2H; 1-H and 3-H), 3.29 (dtl = 6.52 Hz,%J = 15.82 Hz, 1H; 5-H), 3.22, 3.24 (2s,
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12H; 2 2-OCH and 2 3-OCH), 1.54 — 1.60 (m, 2H;"'2H), 1.25 — 1.35 (m, 30H; 9 Grbf
dodecyl chain, 2 1'-Hnd 2 4’-H), 0.88 (£J = 6.87 Hz, 3H; 12H);

3C-NMR (125 MHz, CDC}): & [ppm] = 138.23 (s; C of Aryl), 128.33, 127.73, 155 (3d; 5

CH of Aryl), 99.45, 98.87 (2s; 2 C-2’ and 2 C-3’), 79.23 (d; C-5), 76.50 (d; C-2), 73.22 (t;
CH, of Bn), 72.53 (t; C-9), 72.42, 70.87, 70.69, 70.65 (4t; 6 OLCHf triethylene oxide
chain), 69.64 (d; C-4 and C-6), 69.27 (d; C-1 and C-3), 47.84, 47.70 (2q; 2 &0 3'-
OCH), 31.92, 30.13, 29.73, 29.69, 29.66, 29.59, 29.36, 25.98, 22.69 (9t; .L6f @Hdecyl
chain), 17.88, 17.60 (2q; 2 C-1'and 2 C-4’), 14.12 (q; ©:12

FT-IR (ATR) 0 [cm] = 2921 (s), 2851 (s), 1680 (w), 1453 (m), 1373 (s), 1211 (w), 1181
(w), 1112 (br, s), 1035 (s), 950 (m), 916 (m), 882 (m), 846 (m), 732 (m), 697 (m), 671 (w),
633 (w);

MS (positive ESI) m/z (%): 821.49 (100) [M+Nap71.38 (4), 91.06 (4);

HR-MS (ESI) calc. for GsH74013Na [M+Na]": 821.502; found: 821.503;

EA: calc: 64.64% C; 9.33% H; found: 64.74% C; 9.38% H.

7.2.13. Synthesis of B-[2’-[2"-[2""-(hydroxy)ethoxy]ethoxy]ethyl]-5- O-dodecyl-1,6:3,4-
bis-O-(2’,3-methoxybutane-2’,3’-diyl)-myo-inositol (35)

0 Bn H
oM OMe OMe

2 o 0= gMeO o=

H,, Pd/C
—_—
- ., MeOH, AcOEt - ",
A\ O\\\‘ 27} /O (/4 N O\\\‘ . //O 1ty
OMe OMe OMe OMe
OCy,Ha5 OCyoHazs
34 35

A solution of 0.3 g (0.376 mmoB84 in 12 ml of a MeOH:EtOAc = 3:1 mixture was degassed

with argon for 30 min. To this solution, 4 mg (0.037 mmol) Pd (10% supported on charcoal)
were added and the reaction mixture was stirred at r.t. under hydrogen atmosphere (pressure ~
1.5 bar) for 3 days. The resulting mix was filtrated over celite and concentrated to dryness.
The crude product was purified by flash chromatography (silica, CyHex:EtOAc—= 3:2).

The deprotected derivatidb was obtained as a colourless oil (0.26 g, 0.367 mmol, 98%).
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M (C3eHgsO13) = 708.9173 g/mol;

TLC (SiO,, DCM:EtOAc = 1:1): R=0.16;

'H-NMR (500 MHz, DMSO-@): & [ppm] = 4.58 (1,2] = 5.48 Hz, 1H; OH), 3.72 -3.78 (m,
4H; 1"-H, 4-H and 6-H), 3.58 (ﬁJ = 6.08 Hz, 3H; I-H and 2-H), 3.44 — 3.53 (m, 10H; 4
OCH, of triethylene oxide chain, 1-H and 3-H), 3.38%t= 5.31 Hz, 2H; OCHhlof triethylene
oxide chain), 3.17 (£ = 9.24 Hz, 1H; 5-H), 3.13, 3.14 (2s, 12H; 2 2’-OCatd 2 3'-OCHj),
1.43 — 1.48 (m, 2H; CHof dodecyl chain), 1.20 — 1.36 (m, 18H; 9 £&f dodecyl chain),
1.17 (d,3J = 1.27 Hz, 12H; 2 1’-Hnd 2 4'-H), 0.85 (£J = 6.84 Hz, 3H; 12H);

3C-NMR (125 MHz, DMSO-¢): & [ppm] = 98.72, 98.33 (2s; 2 C-2’ and 2 C-3'), 77(@3
C-5), 76.09 (d; C-2), 72.31 (t; C-1"), 71.63 (t; ©;171.55, 70.03, 69.78, 69.69 (4t; 4 OCH
of triethylene oxide chain), 69.27 (d; C-4 and C-6), 68.22 (d; C-1 and C-3), 60.12 (;,¢aDCH
triethylene oxide chain), 47.43, 47.05 (2q; 2 2'-QGthd 2 3'-OCH), 31.25, 29.64, 29.05,
28.94, 28.85, 28.65, 25.49, 22.05 (8t; 10,@fdodecyl chain), 17.57, 17.43 (2q; 2 C-1" and
2 C-4’), 13.92 (g, C-1%;

FT-IR (ATR) 0 [cm™] = 3467 (br, w), 2921 (s), 2846 (s), 1455 (m), 1373 (m), 1215 (w),
1184 (w), 1113 (br, s), 1035 (s), 950 (m), 918 (m), 882 (m), 846 (m), 781 (w), 761 (w), 730
(w), 673 (w), 647 (w);

MS (positive ESI) m/z (%): 731.43 (100) [M+NaPp81.34 (6);

HR-MS (ESI) calc. for GeHggO1aNa [M+Na]': 731.455; found: 731.455;

EA: calc: 60.99% C; 9.67% H; found: 60.72% C; 9.72% H.
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7.2.14. Synthesis of B-dodecyl-50-[2’-[2"-[2"-(hydroxy)ethoxy]ethoxy] ethyl] - myo-
inositol (36)

oL~ I OV\O};H

07
OMe OMe
0 0= HO OH
TFA, H,0, DCM
\\\\\‘ \\ 'y ",/// . 1h . o
ol ‘0" Oute HO o
e
OC12Hzs OCyoHzs
35 36

To a solution of 0.20 g (0.25 mmd@p in 6 ml DCM was added a solution of 1 ml (1.48 g,
12.98 mmol) trifluoroacetic acid (TFA) in 0.2 ml water and the obtained mixture was stirred
at r.t. for 1 h. After evaporation of solvents, 3 x 30 ml of CH@#re added and subsequently
evaporated. The crude product was purified by flash chromatography (silica, DCM:MeOH =
15:1) and recrystallization from MeOH.

The tetrol 36 was obtained as a white solid (0.112 g, 0.233 mmol, 93%).

O\VKON O\ZH

HO

HO “oH

iv

R HO
R NG C13Hps0 OH

9

36 or OH

M (C24H4509) = 480.6325 g/mol;

TLC (SiO,, DCM:MeOH = 11:1): R=0.16;

Melting point (DSC): 173.7 °C;

'H-NMR (500 MHz, DMSO-g):  [ppm] = 4.62 (t3J = 5.38 Hz 1H; OH of triethylene oxide
chain), 4.55 — 4.57 (m, 2H; 2 OH), 4.49 — 4.50 (m, 2H; 2 OH); 3.73 &,4.91 Hz, 2H; 1"
H), 3.61 (t, 2H3J = 6.42 Hz; 1'-H), 3.46 — 3.51 (m, 8H; 4 OGHbf triethylene oxide chain),
3.44 (m, 1H; 2-H), 3.37 — 3.41 (m, 4H; 4-H, 6-H and Q@Htriethylene oxide chain), 3.16 —
3.20 (m, 2H; 1-H and 3-H), 2.79 {#] = 9.03 Hz, 1H; 5-H), 1.45 — 1.43 (m, 2H"-}), 1.28 —
1.23 (m, 18H; 9 Chlof dodecyl chain), 0.85 () = 6.44 Hz, 3H; 1§-H);
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¥C-NMR (125 MHz, DMSO-g): § [ppm] = 85.29 (d; C-5), 82.07 (d; C-2), 73.14 (1),

72.95 (d; C-4 and C-6), 72.35 (d; C-1 and C-3), 72.82, 71.37, 70.55, 70.16, 70.14, 60.66 (6t; 6
OCH; of triethylene oxide chain), 31.79, 30.41, 29.59, 29.53, 29.22, 26.13, 22.58 (7t10 CH
of dodecyl chain), 14.45 (q, C-1p

FT-IR (ATR) & [cmY] = 3336 (br, s), 2917 (s), 2848 (m), 1650 (br, w), 1466 (w), 1354 (w),
1235 (w), 1136 (br, m), 1068 (m), 1038 (s), 929 (w), 718 (m);

MS (positive ESI) m/z (%): 503.25 (100) [M+Na}j81.29 (10);

HR-MS (ESI) calc. for G4Hsg0oNa [M+Na]': 503.319; found: 503.319.

7.2.15. Synthesis of B-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]-5- O-dodecyl-
1,6:3,4-bisO-(2,3-methoxybutane-2,3-diyl)myo-inositol (37)

0 C12H2s
Lo

Me CqoH OMe OMe
o TSO\(/\O); 12H25 2V o. =

OH
S . = =
" NaH/DMF, t, 24h “
w o™ 1y “ty a N oW ey “y
33

1o
<
)

"o

OMe OMe OMe OMe
OC,Ha5 OCy2H2s
37

0.5 g (0.87 mmol) of alkylate83 were dissolved into a suspension of 0.09 g (1.87 mmol)
NaH (in 55-65% mineral oil) in 25 ml dry DMF and the mix was stirred for 15 min at 0°C
under argon. 0.6 g (1.52 mmol) of tosyldféwere added dropwise, and the reaction mixture
was stirred under inert atmosphere for additional 24 h at r.t. The crude mix was poured onto
100 ml ice-water and 25 ml brine were added. After extraction with EtOAc (3 x 50 ml) the
combined organic layers were dried over MgS@itrated, concentrated and dried under
vacuum. The crude product was purified by flash chromatography (silica, DCM: EtOAc =
4:1). The protected derivati8¥ was obtained as yellow oil (0.62 g, 0.706 mmol, 82%).
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M (CsgH92013) = 877.2363 g/mol;

TLC (SiO2, Cyhex: EtOAc = 7:3): R=0.38;

'H-NMR (500 MHz, CDC}): & [ppm] = 4.02 (t3J = 9.80 Hz, 2H; 4-H and 6-H), 3.93 {1 =
4.92 Hz, 2H; 1"-H), 3.65 — 3.68 (m, 4H"-H and 2"-H), 3.61 — 3.64 (m, 6H; 3 OGldf
triethylene oxide chain), 3.57 — 3.59 (m, 1H; 2-H), 3.55 — 3.56 (m, 2H; CHiethylene
oxide chain), 3.45 (ddJ = 8.61 Hz,3J = 4.14 Hz, 2H; 1-H and 3-H), 3.43 {{] = 6.80 Hz,
2H; 1-H), 3.29 (t,%) = 9.29 Hz, 1H; 5-H), 3.22, 3.24 (2s, 12H; 2 2'-OC4hd 2 3-OCH),
1.51 — 1.59 (m, 4H;"2H and 2'-H), 1.23 — 1.34 (m, 48H; 18 Gleéf dodecyl chains, 2 1'-H
and 2 4’-H), 0.88 (£J = 6.74 Hz, 6H; 12H and 1¥-H);

13C-NMR (125 MHz, CDC}): & [ppm] = 99.43, 98.85 (2s; 2 C-2’ and 2 C-3"), 79(82C-5),
76.48 (d; C-2), 72.52, 72.42 (2t; 2 OEHf triethylene oxide chain), 71.55 (t; ¢)1 70.85,
70.63, 70.34, 70.03 (4t; 4 OGldf triethylene oxide chain and C)169.63 (d; C-4 and C-6),
69.26 (d; C-1 and C-3), 47.85, 47.70 (2q; 2 2'-QGiAd 2 3-OCH), 31.92, 31.91, 30.13,
29.73, 29.69, 29.66, 29.61, 29.49, 29.37, 29.35, 26.07, 25.98, 22.69 (13t,20 @idlecyl
chains), 17.88, 17.60 (2q; 2 C-1’ and 2 C-4"), 14.13 (q; tabh@l C-1%);

FT-IR (ATR) 0 [cm™] = 2920 (s), 2851 (s), 1462 (m), 1373 (m), 1211 (w), 1184 (w), 1113
(br, s), 1036 (s), 950 (m), 916 (m), 882 (m), 846 (m), 780 (w), 759 (w), 722 (w), 671 (w);
MS (positive ESI) m/z (%): 899.68 (100) [M+NaJr49.48 (4), 597.47 (9);

HR-MS (ESI) calc. for GgHg01aNa [M+Na]": 899.643; found: 899.644;

EA: calc: 65.72% C; 10.57% H; found: 65.67% C; 10.54% H.
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7.2.16. Synthesis of B-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]-5- O-dodecyl-myo-
inositol (38)

0 CyoH 0 CioHas
\Q/\O%/ 12H25 V\O);
OMe OMe
= O 0= HO OH
TFA, H,0, DCM,
. ., rt, 1h =
N OM ov "o ow;// HOW “oH
e e
OC12Hs OCy5Hys
37 38

To a solution of 0.5 g (0.57 mmol) derivati8@ in 6 ml DCM was added a solution of 1.9 ml
(2.85 g, 25 mmol) trifluoroacetic acid (TFA) in 0.3 ml water and the obtained mixture was
stirred at r.t. for 1 h. After evaporation of solvents, 3 x 30 ml of Gi€le added and again
evaporated. The crude product was purified by recrystallization from MeOH.

The final compound 3®&as obtained as a white solid (0.35 g, 0.54 mmol, 95%).

" oV 12V
OMO ,e\/oW
2 9

HO OH
/€\/o>\
o CyH
‘ HO 3 12125
HOY "o
N HO
OWQV C12H25O OH
38 or OH

M (CagH7200) = 648.9515 g/mol;

TLC (SiO,, DCM: MeOH = 10:1): R=0.37;

Melting point (DSC): 155.1 °C;

'H-NMR (500 MHz, DMSO-@): & [ppm] = 4.54 (d3J = 4.52 Hz, 2H; 2 OH), 4.47 (d) =
4.96 Hz, 2H; 2 OH), 3.76 (£) = 5.16 Hz, 2H; 1'-H), 3.61 (£J = 6.52 Hz, 2H; %H), 3.49 —
3.52 (m, 8H; 4 OCHl of triethylene oxide chain), 3.44 — 3.46 (m, 3H; 2-H and @GH
triethylene oxide chain), 3.40 (ddi, = 4.59 Hz>J = 9.42 Hz ) = 9.47 Hz, 2H; 4-H and 6-
H), 3.35 (1,3 = 6.61 Hz, 2H; 1-H), 3.16 — 3.19 (m, 2H; 1-H and 3-H), 2.78%t= 9.05 Hz,
1H; 5-H), 1.41 — 1.49 (m, 4H;"1H and ¥-H), 1.19 — 1.31 (m, 36H; 18 Ghbf dodecyl
chains), 0.85 (£J = 6.77 Hz, 6H; 1%-H and 13-H);
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3C-NMR (125 MHz, DMSO-@): & [ppm] = 84.79 (d; C-5), 81.52 (d; C-2), 72.56 (£14,
72.41 (d; C-4 and C-6), 71.82 (d; C-1 and C-3), 72.85 (t; C-1’), 70.24 ) @a103, 69.70,
69.67, 69.57, 69.39 (5t; 5 OGldf triethylene oxide chain), 31.24, 29.89, 29.13, 29.05, 28.99,
28.82, 28.68, 25.61, 25.59, 22.04 (10t; 20.@f dodecyl chains), 13.90 (g; Ciand C-
12%);

FT-IR (ATR) 0 [cm™] = 3324 (br, m), 2917 (s), 2846 (s), 1660 (br, w), 1466 (m), 1373 (w),
1311 (w), 1132 (s), 1074 (w), 1037 (s), 983 (w), 966 (w), 861 (w), 718 (m);

MS (positive ESI) m/z (%): 671.47 (100) [M+Nap49.51 (16), 319.21 (6), 257.24 (4);

HR-MS (ESI) calc. for GeH7:0oNa [M+Na]': 671.507; found: 671.508;

EA: calc: 66.63% C; 11.18% H; found: 66.46% C; 11.12% H.

7.2.17. Synthesis of 1,2-bi®-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]-3,4,5,6-tetra-

O-benzyl-myo-inositol (rac-39)

OH CqoH (0] CioH
BhO Tso\é/\o); 12H25 BRO \é/\o% 12H2s5
17 8
BnO » BnoO C.oH
BnO OH ™ \atUDMEF. t 24h BnO o\é/\oa, 12H2s
OBn 3

OBn
rac-6 rac-39

1.71 g (3.17 mmol) ofac-6 were dissolved into a suspension of 0.33 g (6.98 mmol) NaH (in
55-65% mineral oil) in 50 ml dry DMF and the mix was stirred under argon for 15 min at
0°C. 3 g (6.35 mmol) of tosylaté7 were added dropwise, and the reaction mixture was
stirred under inert atmosphere for additional 24 h at r.t. The crude mix was poured onto 100
ml ice-water and 20 ml brine were added. After extraction with EtOAc (3 x 50 ml) the
combined organic fractions were dried over MgSfiltrated, concentrated and dried under
vacuum. The crude product was purified by flash chromatography (silica, CyHex: EtOAc =
4:1— 3:2).

The benzylatedac-39 was obtained as yellow oil (1.842 g, 1.61 mmol, 51%).
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o, A o) . 2, U

o, NN e A

2 9
BnO \ 3 iv iv
2 9

OBn

rac-39

M (C7oH104012) = 1141.5993 g/moal,

TLC (SiO2, CyHex:EtOAc = 7:3): R= 0.28;

'H-NMR (500 MHz, CDC}): & [ppm] = 7.26 — 7.36 (m, 20H; 20 Aryl-H), 4.67 — @.0m,

8H; 4 OCH of Bn), 4.00 — 4.03 (m, 1H; 2-H), 3.92 — 3.99 (m, 3H; 4-H and 1'-H), 3.90 (t,

= 7.06 Hz, 1H; 6-H), 3.71 — 3.79 (m, 2H; 1'-H), 3.66 — 3.69 (m, 4H; @GHtriethylene

oxide chain), 3.58 — 3.64 (m, 12H; O¢Hdf triethylene oxide chain), 3.53 — 3.55 (m, 4H;
OCH, of triethylene oxide chain), 3.39 — 3.53 (m, 5H; 5-H and’H)}, 3.34 (dd,2J = 2.09

Hz,3J = 9.84 Hz, 1H; 3-H), 3.23 (dd) = 2.06 Hz,J = 9.82 Hz, 1H; 1-H), 1.52 — 1.58 (m,

4H; 2 2'-H), 1.19 — 1.36 (m, 36H; 18 Ghbf dodecyl chains), 0.88 (t, 68) = 6.93 Hz; 2
12-H);

3C-NMR (125 MHz, CDC}): & [ppm] = 138.99, 138.78, 138.77, 138.37 (4s; 4f@uryl),
128.35, 128.31, 128.29, 128.27, 128.04, 127.94, 127.86, 127.57, 127.49, 127.47 (10d; 10 CH
of Aryl), 83.48 (d; C-5), 81.79 (d; C-1), 81.54 (d; C-4), 81.47 (d; C-6), 80.63 (d; C-3), 75.93,
75.83 (2t; 2 OCHlof Bn), 75.69 (d; C-2), 75.62, 72.61 (2t; 2 OCH Bn), 71.54 (t; 2 C-1),

72.43, 70.93, 70.80, 70.65, 70.60, 70.59, 70.58, 70.57, 70.54, 70.10, 70.00, 69.98 (12t; 12
OCH; of triethylene oxide chains), 31.90, 29.66, 29.63, 29.61, 29.49, 29.34, 26.07, 22.68 (8 t;
20 CH, of dodecyl chains), 14.13 (q; 2 C%2

FT-IR (ATR) 0 [cm™] = 2920 (s), 2846 (s), 1493 (w), 1452 (m), 1356 (m), 1300 (w), 1245
(w), 1208 (w), 1085 (br, s), 1067 (s), 1024 (w), 943 (w), 8756 (w), 731 (s), 694 (s);

MS (positive ESI) m/z (%): 1163.77 (100) [M+Nap98.30 (8), 301.23 (4);

HR-MS (ESI) calc. for GoH1080:12Na [M+Na]": 1163.774; found: 1163.775;

EA: 73.65% C; 9.54% H; found: 73.66% C; 9.54% H.
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7.2.18. Synthesis of 1,2-bi®-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(rac-40)

o CioHas
o) CioH HO MO)’
BnO \é/\oaz 12M25 .
3

H,, Pd/C HO

BnO > HO o CioHas
BnO O\é/\o)/Cmst MeOH, AcOE \é/\ot
OBn 3 OH

rac-39 rac-40

A solution of 0.80 g (0.70 mmobac-39 in 20 ml of a MeOH:EtOAc = 3:1 mixture was
degassed with argon for 30 min. To this solution, 0,074 g (0.070 mmol) Pd (10% supported
on charcoal) were added and the reaction mixture was stirred at r.t. under hydrogen
atmosphere (pressure ~ 8 bar) for 3 days. The resulting mix was filtrated over celite and
concentrated to dryness.

The tetrol rae40 was obtained as a white solid (0.523 g, 0.67 mmol, 95%).

o . A o) 2,
HO \1/\0/%\/ W
HO M ' o) v 1V
2 9

OH

rac-40

M (C42Hg4012) = 781.1092 g/mol;

TLC (SiO,, DCM: MeOH = 9:1): R=0.38;

Melting point: liquid crystal, (see Table 3.3, chapter 3.2.1. Thermotropic mesomorphism);
'H-NMR (500 MHz, DMSO-@): & [ppm] = 4.57 — 4.64 (m, 3H; OH); 4.37 (s, 1H; OB)59
—3.80 (m, 5H; 2-H and 2 1'-H), 3.50 — 3.45 (m, 20H; 10 QGHtriethylene oxide chains),
3.33 —3.40 (m, 5H; 6-H and 2H), 3.28 (t,°J = 9.08 Hz, 1H; 4-H), 3.15 (dd) = 1.92 Hz,

%) =9.63 Hz, 1H; 3-H), 3.02 (dd) =1.77 Hz3J = 9.84 Hz, 1H; 1-H), 2.89 (ddd) = 4.21
Hz,%) = 8.90 Hz,2J = 8.95 Hz, 1H; 5-H), 1.46 (m, 4H; 2'H), 1.23 — 1.26 (m, 36H; 18 GH
of dodecyl chains), 0.85 @) = 6.35 Hz, 6H; 2 1%-H);

3C-NMR (125 MHz, DMSO-@): 5 [ppm] = 80.81 (d; C-1), 79.25 (d, C-2), 75.11 (d5%
72.77 (d; C-4), 72.01 (d; C-6), 71.88 (t; 2 C-1"), 71.62 (d, C-3), 70.30, 70.09 (2t,"3, C-1
70.06, 69.79, 69.69, 69.46, 69.18 (5t; 10 QGH triethylene oxide chains), 31.31, 29.20,
29.05, 29.03, 28.89, 28.73, 25.65, 22.10 (8t; 2Q 6ftlodecyl chains), 13.94 (q; 2 C)2
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FT-IR (ATR) 0 [cm] = 3399 (br, m), 2918 (s), 2850 (s), 1463 (m), 1347 (w), 1293 (w),
1242 (w), 1110 (br, s), 1034 (w), 1000 (w), 933 (w), 878 (w), 715 (m);

MS (positive ESI) m/z (%): 803.54 (100) [M+NaJr81.55 (6), 319.23 (4);

HR-MS (ESI) calc. for GoHgsO1,Na [M+Na]: 803.586; found: 803.586;

EA: calc: 64.58% C; 10.84% H; found: 64.52% C; 10.85% H.

7.2.19. Synthesis of 1,2:4,5-dd-cyclohexylidene-3,6-big-[2'-[2"-[2"-(dodecyloxy)
ethoxy]ethoxy]ethyl]-myo-inositol (rac-41)

TSOM O)/ 12H2s /éo
C12H25

\6/\ )/012H25

rac-9 rac-41

0.3 g (0.88 mmol) ofac-9 were dissolved into a suspension of 0.09 g (1.93 mmol) NaH (in
55-65% mineral oil) in 40 ml dry DMF and the mix was stirred for 15 min at 0°C under
argon. 0.95 g (2.01 mmol) of tosyldal& were added dropwise, and the reaction mixture was
stirred under argon atmosphere for additional 20 h at r.t. The crude mix was poured onto 70
ml ice-water and 25 ml brine were added. After extraction with DCM (3 x 50 ml) the

combined organic layers were dried over MgS@itrated, concentrated and dried under

vacuum. The crude product was purified by flash chromatography (silica, CyHex:EtOAc
3:1). The protected derivativac-41 was obtained as a yellow oil (0.4 g, 0.43 mmol, 50%).

rac-41

Al

M (Cs4H100012) = 941.3646 g/moal,

TLC (SiO,, CyHex:EtOAc = 1:1): R=0.30;

'H-NMR (500 MHz, CDC}): & [ppm] = 4.49 (t3J = 4.46 Hz, 1H; 2-H), 4.05 () =5.65 Hz,

1H; 3-H), 3.84 — 3.95 (m, 5H; 6-H and 2 1'-H), 3.79 (db= 3.99 Hz,2) = 10.19 Hz, 1H; 1-
H), 3.62 — 3.73 (m, 16H; 8 OGHf triethylene oxide chains), 3.56 — 3.58 (m, 5H; 4-H and 2
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OCH, of triethylene oxide chains), 3.44 1§, = 6.82 Hz, 4H; 2 1-H), 3.30 (t,%J = 9.95 Hz,

1H; 5-H), 1.53 — 1.75 (m, 20H; 2'H and 8 CH of cyclohexylidene rings), 1.19 — 1.37 (m,
40H; 18 CH of dodecyl chains and 2 GHf cyclohexylidene rings), 0.87 &) = 6.85 Hz,

6H; 2 12'-H);

13C-NMR (125 MHz, CDC}): & [ppm] = 112.51, 110.39 (2s; 2 C of cyclohexylideitgs),
82.37 (d; C-4), 80.75 (d; C-3), 78.22 (d; C-5), 76.64 (d; C-1), 76.32 (d; C-6), 75.84 (d; C-2),
71.54 (t; 2 C-Y), 70.74, 70.61, 70.57, 70.48, 70.07, 70.03, 69.25 (7t; 12 @Ctiiethylene
oxide chains), 37.70, 36.43, 36.38, 35.22 (4t; 4 GHcyclohexylidene rings), 31.90, 29.65,
29.61, 29.49, 29.34, 26.07, 22.67 (7t; 20,@fdodecyl chains), 25.01, 24.97, 23.93, 23.81,
23.77, 23.57 (6t; 6 Cibf cyclohexylidene rings), 14.12 (g, 2 C¥)2

FT-IR (ATR) 0 [cm] = 2920 (s), 2850 (s), 2354 (W), 1461 (w), 1448 (m), 1364 (m), 1276
(m), 1250 (w), 1230 (w), 1103 (br, s), 1031 (w), 960 (w), 934 (m), 907 (w), 847 (m), 830 (w),
776 (M), 718 (w);

MS (positive ESI) m/z (%): 963.72 (100) [M+Na]727.75 (14), 641.52 (36), 427.24 (6),
319.25 (6), 109.00 (3);

HR-MS (ESI) calc. for GH1odO12Na [M+Na]: 963.711; found: 963.712.

7.2.20. Synthesis of 1,4-bi®-[2'-[2"-[2"'-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-inositol
(42)

ot ot
C12H25 CioHos

OH
O]
\O CH:COOH. Hy0.
reflux 2h H?|O OH
\6/\ )/012H25 0\6/\0)2012"'25

rac-41 rac-42

A mixture of 0.28 g (0.36 mmolpac-41, 1.6 ml (1.68 g, 28 mmol) glacial acetic acid and 0.4

ml water was stirred for 2 h at 95°C. To the resulting crude mix 3 x 50 ml methanol were
added and subsequently evaporated. In order to remove the traces of acetic acid, the obtained
solid was dissolved in 3 x 50 ml toluene, subsequently evaporated and dried under vacuum.
The crude product was purified by flash chromatography (silica, DCM:EtOAc = 3:2, and
DCM: MeOH = 10:1).

The tetrolrac-42 was obtained as a white waxy solid (0.206 g, 0.26 mmol, 74% vyield).
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M (C42Hg4O12) = 781.1092 g/mol;

TLC (SiO,, DCM:MeOH = 9.5:0.5): R=0.22;

Melting point (DSC): 57.3 °C;

'H-NMR (500 MHz, CDC}): & [ppm] = 4.61 (d?J = 4.36 Hz, 1H; 5-OH), 4.52 — 4.57 (m,
2H; 2-OH and 6-OH), 4.42 (d) = 4.71 Hz, 1H; 2-OH), 3.86 (m, 1H; 2-H), 3.71 — 3.80 (m,
2H; 1'-H), 3.55 — 3.67 (m, 2H; 1'-H), 3.42 — 3.54 (m, 21H; 6-H and 10 ©@&fHriethylene
oxide chains), 3.33 — 3.36 (m, 4H; %-H), 3.16 — 3.22 (m, 2H; 3-H and 4-H), 2.98 — 3.03 (m,
1H; 5-H), 2.96 (t, 1H3J = 9.66 Hz; 1-H), 1.42 — 1.51 (m, 4H; ¥-M), 1.17 — 1.31 (m, 36H;

18 CH, of dodecyl chains), 0.85 {,J = 6.75 Hz, 6H; 2 1%-H);

13C-NMR (125 MHz, CDCH): & [ppm] = 82.39 (d; C-4), 80.26 (d; C-1), 74.62 (d5); 71.87

(d; C-6), 71.00 (d; C-3), 70.02 (t; 2 ¢31 70.87, 70.25, 69.98, 69.71, 69.55, 69.39, 68.42 (7t;
12 OCH of triethylene oxide chains), 69.34 (d; C-2), 31.25, 29.14, 28.97, 28.83, 28.67,
25.59, 22.05 (7t; 20 Chbf dodecyl chains), 13.91 (g, 2 C¥)2

FT-IR (ATR) 0 [cm] = 3428 (br, m), 2919 (s), 2851 (s), 1734 (w), 1663 (w), 1465 (m),
1350 (w), 1297 (w), 1112 (br, s), 1033 (w), 942 (w), 887 (w), 720 (m);

MS (positive ESI) m/z (%): 803.58 (100) [M+NaJ781.58 (20);

HR-MS (ESI) calc. for GoHgsO1-Na [M+Na]": 803.586; found: 803.586.

7.2.21. Synthesis of 2,5-bi®-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]-1,6:3,4-bis-
0O-(2',3'-methoxybutane-2’,3’-diyl)-myo-inositol (43)

OH o CioHzs

QMeO ° OMe Tso\é/\ )/012H25 OMe

OMe,
\\\\“E . . },,/// NaH/DMEF, rt, 22h :E « l,,,/

OMe OMe
OH )/012H25

10 43
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1 g (2.45 mmol) of derivativ&0 were dissolved into a suspension of 0.24 g (4.90 mmol) NaH
(in 55-65% mineral oil) in 50 ml dry DMF and the mix was stirred for 15 min at 0°C under
argon atmosphere. 1.8 g (3.81 mmol) of tosylttewere added dropwise, and the reaction
mixture was stirred under argon for additional 22 h at r.t. The crude mix was poured onto 100
ml ice-water and 25 ml brine were added. After extraction with EtOAc (3 x 50 ml) the
combined organic fractions were dried over MgSfitrated, concentrated and dried under
vacuum. The crude product was purified by flash chromatography (silica, CyHex:EtOAc =
3:1). Compound 43 was obtained as a yellow oil (1.234 g, 1.22 mmol, 50%).

M (Cs4H104016) = 1009.3940 g/mol;

'H-NMR (500 MHz, CDC}): & [ppm] = 3.96 — 4.01 (m, 2H; 4-H and 6-H), 3.90 98(m,

2H; 1"-H), 3.87 (t,3J =5.18 Hz, 2H; 1"-H), 3.76 — 3.80 (m, 2H; 2"-H), 3.55 — 3.71 (m, 19H;
2-H and 9 OCHl of triethylene oxide chains), 3.41 — 3.49 (m, 6H; 1-H, 3-H an12)13.30

(t, %3 = 9.32 Hz, 1H; 5-H), 3.22 — 3.26 (m, 12H; 2 2’-OGid 2 3-OCH), 1.52 — 1.61 (m,

4H; 2 2-H), 1.19 — 1.34 (m, 48H; 2 1'-H2 4’-H and 18 Chlof dodecyl chains 0.88 (t,%J =

6.92 Hz, 6H; 2 12H);

13C-NMR (125 MHz, CDC}): & [ppm] = 99.48, 98.90 (2s; 2 C-2’ and 2 C-3), 79(62C-5),

77.15 (d; C-2), 72.69, 72.45 (2t; 2 OgHf triethylene oxide chain), 71.55, 71.54 (2t; (-1
70.90, 70.83, 70.70, 70.64, 70.57, 70.56, 70.51, 70.46, 70.34, 70.02 (10t; 19 d®CH
triethylene oxide chain), 69.56 (d; C-4 and C-6), 69.07 (d; C-1 and C-3), 47.88, 47.75 (2q; 2
2'-OCHsz and 2 3'-OCH), 31.91, 29.66, 29.64, 29.63, 29.61, 29.51, 29.49, 29.35, 28.08, 22.68
(10t; 20 CH of dodecyl chains), 17.85, 17.62 (2qg; 2 C-1’ and 2 C-4'), 14.13 (q; 2'¢-12

FT-IR (ATR) 0 [cm™] = 2920 (s), 2851 (s), 1457 (m), 1373 (m), 1296 (w), 1247 (w), 1212
(w), 1182 (w), 1111 (br s), 1035 (s), 950 (m), 917 (m), 882 (m), 846 (m), 781 (w), 755 (w),
731 (w), 673 (w), 641 (w);

MS (positive ESI) m/z (%): 1031.70 (100) [M+Naj881.72 (10), 731.43 (12), 641.49 (38),
373.14 (3);
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HR-MS (ESI) calc. for GsH104016Na [M+Na]": 1031.722; found: 1031.725;
EA: calc: 64.25% C; 10.39% H; found:64.37% C; 10.44% H

7.2.21. Synthesis of 2,5-bi®-[2'-[2"-[2"-(dodecyloxy)ethoxy]ethoxy]ethyl]- myo-
inositol (44)

CyoHos CqoH
O\é/\ O\L/\o%; 12Hos
OMe OMe
= O HO OH
TFA. H,0. DCM_
W " "// R - y
[6) \\ 'y, H
OMe HO O
C12H25 o} C12H25
)’ \V\ot
43 44

To a solution of 1.2 g (1.2 mmadB in 10 ml DCM was added a solution of 5 ml (7.4 g, 64.9
mmol) trifluoroacetic acid (TFA) in 1 ml water and the mixture was stirred at r.t. for 1.5 h.
After evaporation of solvents, 3 x 30 ml of CH®ere added and again evaporated. The
crude product was purified by recrystallization from MeOH.

The tetrol 44 was obtained as a white solid (0.490 g, 0.63 mmol, 53%).

M (C42Hgs012) = 781.1092 g/mol;

TLC (SiO;, DCM: MeOH = 15:1): R=0.24;

Melting point (DSC): 108.8 °C;

'H-NMR (500 MHz, DMSO-@): 5 [ppm] = 4.56 (d?J = 4.47 Hz, 2H; 4-OH and 6-OH), 4.46
(d, 33 = 5.69 Hz, 2H; 1-OH and 3-OH), 3.76 (dt),= 5.73 Hz,3) = 11.16 Hz, 4H; 2 1'-H),
3.44 — 3.52 (m, 21 H; 10 OGHéf triethylene oxide chain and 2-H), 3.34 — 3.40 (m, 6H; 4-H,
6-H and 2 ¥-H), 3.17 — 3.20 (m, 2H; 1-H and 3-H), 2.78 (t, 8= 9.10 Hz; 5-H), 1.42 —



7. EXPERIMENTAL PART 140

1.50 (m, 4H; 2 ¥-H), 1.18 — 1.30 (m, 36 H; 18 GHf dodecyl chains), 0.85 &) = 6.75 Hz,

6H; 2 12-H);

3C-NMR (125 MHz, DMSO-g): & [ppm] = 84.60 (d; C-5), 82.34 (d; C-2), 72.48 (d4@nd
C-6), 72.14 (t; C-1"), 71.73 (d; C-1 and C-3), 70.91 (t; C-1'), 70.25 (t; 2)C7D.02, 69.95,
69.71, 69.69, 69.64, 69.58, 69.39 (7t; 10 QGH triethylene oxide chains), 31.25, 29.15,
28.98, 28.84, 28.68, 25.60, 22.06 (7t; 20,@FHdodecyl! chains), 13.92 (q; 2 CM)2

FT-IR (ATR) U [cm™] = 3338 (br s), 2916 (s), 2849 (s), 1466 (M), 1369 (m), 1310 (w), 1290
(w), 1246 (w), 1126 (br s), 1033 (s), 960 (w), 926 (w), 880 (w), 719 (s);

MS (positive ESI) m/z (%): 803.41 (100) [M+NaJ781.43 (18), 319.25 (10);

HR-MS (ESI) calc. for GyHg4O12Na [M+Na]': 803.586; found: 803.586.
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7.3. Studies towards the synthesis of phosphine oxide metal complexes

7.3.1. Synthesis of complex GDMPO : copper (Il) chloride (56)

0

||:! CUC|2
—_—

e \\01sz5 MeOH ¢

o)
52 |

P
e \\012H25

56

A solution of 0.264 g (1.073 mmol)DMPO (62) in 4 ml methanol was mixed with a
solution of 0.072 g (0.54 mmol) Cudh 2 ml methanol when a green mixture formed. After
stirring for 30 min at r. t., the solvent was evaporated to dryness. Resulting green crystalline

solid was used for investigations without further purification.

Melting point (DSC): 53.4 °C;
FT-IR (ATR) 0 [cm™] = 2920 (s), 2851 (s), 1464 (m), 1293 (m), 1108 (br s), 946 (s), 865
(m).

QcC

Qo

or

QCu
Cl

Fig. 7.1.Crystal structure db6
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Table 7.1. Crystal data for complexDMPO:CuC} (56)

Identification code

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Crystal Colour

Crystals from

Theta range for data collection
Limiting indices

Reflections collected / unique
Reflection observed [I>2sigma(l)]
Completeness to theta = 26.99
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

gca3
CogHs20:P.Cl,Cu
627.16
100(2) K
0.71073A
triclinic, P-1
a=8.314(2) A & 80.897(7)°
b=9.337(2) A B 85.101(9)°
c=23.665(6) A = 72.388(7)°
1727.4(7) A3
2, 1.206 Mg/mi
0.901 mt
678
0.3x0.2x0.06 mm
green
Melt
0.87 to 26.99°
-10<=h<=10, -11<=k<=11, -28<=I<=30
7705 / 6144 [R(int) = 0.0726]
3266
81.50%
None
Full-matrix least-squares orf F
6144/0/322
0.967
R1 =0.0669, wR2 = 0.1489
R1 =0.1453, wR2 = 0.1847
0.538 and -1.010%2. A

142
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7.3.2. Synthesis of complex GDMPO : copper (1) sulphate (57)

CqH
\\P/ 12H25
!
| o |
P. Cu?* S0,*
/ \\C1ZH25 H20 l
52 (I)
N
/ Ci2Has
57

A solution of 0.246 g (1.00 mmol):¢@DMPO (2) in 7 ml water was mixed with a solution of
0.079 g (0.5 mmol) CuSQn 3 ml water when a blue mixture formed. After stirring for 1
hour at r. t., the solvent was evaporated to dryness. Resulting light blue crystalline solid was

used for investigations without further purification.

Melting point (DSC): 51.1 °C;
FT-IR (ATR) 0 [cm™] = 3377 (br m), 2914 (s), 2846 (s), 1658 (w), 1285 (m), 1157 (s), 942
(m), 867 (m), 745 (m).

7.3.3.Synthesis of complex &DMPO : copper (1) bromide (58)

\\ /C12H25

P

o (0]
|

P CUBrz 24 )
/\\C e MeOH QU7 2B
121125

¢

52 T

P
e \\Cmst

58

A solution of 0.123 g (0.50 mmol) :6DMPO (2) in 4 ml methanol was mixed with a

solution of 0,079 g (0.25 mmol) CuBn 3 ml methanol when a brown mixture formed. After
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stirring for 1 hour at r. t., the solvent was evaporated to dryness. Resulting brown crystalline

solid was used for investigations without further purification.
Melting point (DSC): 48.9 °C;
FT-IR (ATR) U [cm™] = 2918 (s), 2850 (s), 1465 (w), 1292 (m), 1110 (br s), 946 (m), 866

(m), 753 (w).

7.3.4.Synthesis of complex GDMPO : copper (Il) acetate (59)

\ CioHas
\T/
(0]
o }
||:! Cu(CH5;COO0), Cu 2+ 2(CH;C00")
\ - T u 3
/ \ CroHas MeOH
52 7

P
e \\012H25
59

A solution of 0.123 g (0.50 mmol) €DMPO (52) in 3 ml methanol was mixed with a
solution of 0.045 g (0.25 mmol) Cu(GEOO), in 10 ml methanol when a blue-green mixture
formed. After stirring for 1 hour at r. t., the solvent was evaporated to dryness. Resulting blue-

green crystalline solid was used for investigations without further purification.

Melting point (DSC): 82.3 °C;
FT-IR (ATR) 0 [cm™] = 3416 (br w), 2915 (s), 2846 (s), 1619 (s), 1426 (m), 1285 (m), 1157
(s), 942 (m), 867 (m), 745 (w), 681 (w).
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7.3.5. Synthesis of complex GDMPO : copper (I) acetylacetonate (60)

Ci2Hos

-

-

~

(0]
” Cu(CsH702),

R ——

P
SN\ MeOH
~ \ C12Hos

52

O —0—

u 2+ 2(C5H702_)

—Q -

P
N
e \ CioHas
60

A solution of 0.123 g (0.50 mmol) €DMPO (52) in 3 ml methanol was mixed with a
solution of 0.065 g (0.25 mmol) Cu{g;0.), in 12 ml methanol when a grey mixture formed.
After stirring for 2 hours at r. t., the solvent was evaporated to dryness. Resulting blue-grey

crystalline solid was used for investigations without further purification.

Melting point (DSC): 81.4 °C;

FT-IR (ATR) 0 [cm™] = 2913 (m), 2846 (m), 1575 (s), 1552 (m), 1524 (s), 1465 (w), 1411
(w), 1353 (w), 1285(w), 1274 (w), 1158 (s), 1021 (w), 936 (w), 867 (m), 779 (m), 745 (w),
686 (w).

7.3.6.Synthesis of complex GDMPO : copper (I1) borofluorate (61)

\ Ci2H2s
(0]
|| Cu(BFy), T 24 -
P. —— "5 Cu“" 2(BFy)
/ \\C12H25 MeOH ¢
(0]
52 |
NS
~ C12H2s

61
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A solution of 0.123 g (0.50 mmol):€DMPO (52) in 3 ml methanol was mixed with a
solution of 0.060 g (0.25 mmol) Cu(BE in 5 ml methanol when a blue mixture formed.
After stirring for 1 hour at r. t., the solvent was evaporated to dryness. Resulting light blue

crystalline solid was used for investigations without further purification.
Melting point (DSC): see Table 4.1, chapter 4: Results and discussion Il;
FT-IR (ATR) 0 [cm™] = 3300 (br m), 2920 (s), 2851 (m), 1636 (w), 1464 (m), 1309 (m),

1020 (br s), 948 (m), 868 (M), 761 (w).

7.3.7. Synthesis of complex GDMPO : lithium chloride (62)

\ Ci2Has
(0]
| e !
P. —— Li*CI
/ \\012H25 MeOH ¢
(0]
52 |
P
e \C12H25

62

A solution of 0.123 g (0.50 mmol) €DMPO (52) in 3 ml methanol was mixed with a
solution of 0.010 g (0.25 mmol) LiCl in 3 ml methanol. After stirring for 1 hour at r. t., the
solvent was evaporated to dryness under high vacuum. Resulting colourless solid was used for

investigations without further purification.

Melting point (DSC): 115.9°C;
FT-IR (ATR) 0 [cmY] = 3373 (br s), 2919 (s), 1850 (s), 1638 (br m), 1465 (m), 1296 (m),
1132 (br s), 944 (s), 865 (m).
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7.3.8. Synthesis of complex GDMPO : lithium bromide (63)

\\ /C12H25

P

o)

LiBr L|+ Br

P
/ \\C12H25 MeOH ¢

o)
52 |

P
~ \\012H25

63

O
|

A solution of 0.123 g (0.50 mmol):€DMPO (52) in 3 ml methanol was mixed with a
solution of 0.022 g (0.25 mmol) LiBr in 3 ml methanol. After stirring for 2 hours at r. t., the
solvent was evaporated to dryness. Resulting colourless solid was used for investigations
without further purification.

Melting point (DSC): 69.9 °C;
FT-IR (ATR) 0 [cm™] = 3421 (m), 3336 (m), 2917 (s), 2848 (s), 1627 (w), 1466 (m), 1296

(m), 1161 (s), 1140 (s), 945 (m), 868 (M), 729 (w), 720 (W).

7.3.9. Synthesis of complex GZDMPO : sodium choride (64)
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A solution of 0.123 g (0.50 mmol);@DMPO (2) in 3 ml water was mixed with a solution of
0.146 g NaCl (0.25 mmol) in 4 ml water. After stirring for 2 hours at r. t., the solvent was

evaporated to dryness. Resulting colourless solid was used for investigations without further
purification.

Melting point (DSC): 81.0 °C;

FT-IR (ATR) U [cm™Y] = 2915 (s), 2846 (s), 1464 (m), 1285 (m), 1157 (s), 942 (m), 868 (M),
745 (m).
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7.4. Surface tension measurements

7.4.1. Surface tension measurements for r&6 (4-G2E3l1)

A 100 ml stock solution of 6.958 x M was prepared from 33.6 mg fc-26 (4-G-Esly)

and water. For each measurement 20 ml of solution were taken out and the volumetric flask
was refilled with Milli-Q water, therefore every new solution had a dilution factor of 0.8.
From the 20 ml solution, 5 ml were used to rinse the measurements vessel and 15 ml were
used for experiment. Necessary glassware was previously cleaned with Deconex (surfactant
free solution) and was rinsed thoroughly with Milli-Q water. The same type of water was used
for solutions and its purity was checked by measuring the surface ternsven a long period

of time (7 = 72.8 mN it at 20 °C). All measurements were carried out at an ambient
temperature of 20 + 1 °C.

Experimental data are presented in table 7.2.

Table 7.2. Experimental data for surface tension measurements-26rgl:G oE3l4)

Sample| c/moll™ | o/mNm™ Sample| c/moll™ | o/mNm™
1 6.958 x 1d | 33.72 18 1566 x 10| 50.66
2 5566 x 10 | 33.65 19 1.253x 10| 52.63
3 4.453x10| 33.72 20 1.003x 10| 53.51
4 3562x 10| 33.73 21 8.022x 10| 55.52
5 2.850x 1d | 33.73 22 6.417x 16| 57.25
6 2.280x1d| 33.70 23 5.134x 16| 58.60
7 1.824x1d| 33.75 24 4.107x 16| 60.23
8 1.459x 1d| 33.91 25 3.286x10| 61.53
9 1.167x1d | 34.29 26 2.628x 10| 63.44
10 9.339x 19| 35.93 27 2.103x 16| 64.79
11 7.471x18| 37.96 28 1682x10| 65.21
12 5.977x 10| 39.60 29 1.346 x 16| 66.47
13 4781 x10| 41.75 30 1.076 x16| 67.31
14 3.825x 10| 43.57 31 8.613x 10| 68.50
15 3.060x 18| 45.20 32 6.891x 10| 68.67
16 2.448 x 10| 46.85 33 5512 x 10| 70.47
17 1.956 x 10| 48.89 34 4.409x 10| 71.05

35 3.527x 10| 71.88




7. EXPERIMENTAL PART 150

7.4.2. Surface tension measurements for r&2 (1-Gyl1E3)

A 100 ml stock solution of 6.875 x T was prepared from 33.0 mg &fc-32 (1-Cy2l1E3)

and Milli-Q water. For each measurement 20 ml of solution were taken out and the volumetric
flask was refilled with Milli-Q water, therefore every new solution had a dilution factor of
0.8. From the 20 ml solution, 5 ml were used to rinse the measurements vessel and 15 ml were
used for experiment. Necessary glassware was previously cleaned with Deconex (surfactant
free solution) and was rinsed thoroughly with Milli-Q water. The same type of water was used
for solutions and its purity was checked by measuring the surface tensian a long period

of time (c = 72.8 mN T at 20 °C). All measurements were carried out at an ambient
temperature of 20 = 1 °C.

Experimental data are presented in table 7.3.

Table 7.3. Experimental data for surface tension measurements-821A€C; .l 1E3)

Sample| c/moll™ | ¢/mN m™ Sample| c/moll™ | ¢/mN m™
1 6.875x 1d| 35.10 16 2.418x 10| 56.63
2 5500x 10 | 35.10 17 1.935x 10| 58.23
3 4.400x 10| 34.75 18 1548 x 10| 59.79
4 3.520x 10| 34.68 19 1.238x 10| 60.86
5 2.816 x 1d | 36.80 20 9.008x 16| 61.78
6 2.253x 10| 39.25 21 7.926x 16| 63.31
7 1.802x 1d | 40.83 22 6.341x 10| 63.96
8 1.422 x 13| 42.90 23 5.072x 10| 65.90
9 1.153x 10| 44.63 24 4.058x 16| 67.41
10 9.228 x 10| 46.53 25 3.246x 16| 67.92
11 7.382x 10| 4852 26 2597 x 16| 68.54
12 5.905x 10| 50.43 27 2.077x 10| 69.15
13 4.724x 10| 51.84 28 1.662x 10| 69.91
14 3.780x 18| 53.58 29 1.329x 16| 70.37
15 3.023x10| 54.82 30 1.063x16| 70.67

31 8.510x 10| 70.07
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7.5. DOSY measurements

7.5.1. DOSY measurements for rad9 (1-GE3l1)

A 10 ml stock solution of 0.85 0M was prepared from 4.08 mg @fc-19 (1-Cy,E5l4) and

pure water. For each measurement 4 ml of solution were taken out and the volumetric flask
was refilled with water therefore every new solution had a dilution factor of 0.6.

For experiment, 1 ml of solution was used for rinsing the NMR tube and 0.5 ml were used for
measurements. The stem coaxial insert of the NMR tube was filled with 0.20n&ild it

was used for all measurements. Samples were sealed with parafilm and allowed to equilibrate
for at least 12 hours before measurement. For every sample were recorded first a $tandard
NMR, afterwards two 1D'H-NMR experiments with water suppression using the pulse
sequence: stebpgpeslsld.sek (with 2% and 95% gradient strength) and one 2D DOSY
experiment with the pulse sequence stebpgesls.sek. All measurements were carried out at
25°C. Details about concentration, results and experimental parameters are presented in Table
7.4,

Table 7.4. Experimental data for rd® (1-G2Esl1); TD (F) = 8k, TD (k) = 32, NS = 256

c/mM | c/cmc| D/10° ms™ | A/ms| &/ms
0.85 6.0 1.098 10(Q 1.5
0.51 3.6 1.551 100 1.5
0.3 2.1 1.904 50 2.0
0.18 1.2 2.828 50 1.5
0.11 0.8 3.793 50 1.3

AD = +0.008 + * 0.09 (the error increases with decreasers of ¢

7.5.2. DOSY measurements for ra82 (1-Gl 1E3)

A 10 ml stock solution of 2.21 M was prepared from 10.61 mgrafc-32 (1-Cy2l:Es) and

pure water. For each measurement 4 ml of solution were taken out and the volumetric flask
was refilled with water, therefore every new solution had a dilution factor of 0.6.

For experiment, 1 ml of solution was used for rinsing the NMR tube and 0.5 ml were used for
measurements. The stem coaxial insert of the NMR tube was filled with 0.20n&ild it

was used for all measurements. Samples were sealed with parafilm and allowed to equilibrate
for at least 12 hours before measurement. For every sample were recorded first a $tandard
NMR, afterwards two 1D'H-NMR experiments with water suppression using the pulse
sequence: stebpgpeslsld.sek (with 2% and 95% gradient strength) and one 2D DOSY
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experiment with the pulse sequence stebpgesls.sek. All measurements were carried out at
25°C. Details about concentration, results and experimental parameters are presented in
Table 7.5.

Table 7.5. Experimental data for rac 28 (12zE3); TD (F1) = 8k, TD (k) = 32, NS = 256

c/mM | c/cmc| D/10° ms™ | A/ms| &/ms

2.21 59 1.235 100 1.5
1.32 3.6 1.565 10(Q 1.5
0.80 2.1 2.101 50 1.7
0.47 1.2 3.118 50 1.5
0.28 0.8 3.639 50 1.3

AD = +0.007 + = 0.04 (the error increases with decreaseys of

7.5.3. DOSY measurements for4dodecyl hexaethylene oxide (GEg)

A 10 ml stock solution of 0.79 TOM was prepared from 3.57 mg ofdodecyl hexaethylene

oxide (G2Eg) and pure water. For each measurement 4 ml of solution were taken out and the
volumetric flask was refilled with water therefore every new solution had a dilution factor of
0.6.

For experiment, 1 ml of solution was used for rinsing the NMR tube and 0.5 ml were used for
measurements. The stem coaxial insert of the NMR tube was filled with 0.20n&ild it

was used for all measurements. Samples were sealed with parafilm and allowed to equilibrate
for at least 12 hours before measurement. For every sample were recorded a Skhndard
NMR, two 1D 'H-NMR experiments with water suppression using the pulse sequence
stebpgpeslsld.sek (with 2% and 95% gradient strength) and one 2D DOSY experiment with
the pulse sequence stebpgesls.sek. All measurements were carried out at 25 °C. Details about
concentration, results and experimental parameters are presented in Table 7.6.

Table 7.6. Experimental data for-dodecyl hexaethylene oxide 1(Es); TD (F) = 8k, TD
(F2) =32, NS =256

c/mM | c/leme| D/10° m’s” | Alms| 8/ms

0.79 8.8 1.048 100 1.7
0.47 5.2 1.224 100 1.5
0.28 3.1 1.606 100 1.5
0.17 1.9 2.316 60 15
0.10 1.1 3.527 50 14
0.06 0.7 4.894 50 1.1

AD = £0.004 + £ 0.07 (the error increases with decreaseys of
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7.5.4. DOSY measurements for4dodecyl$-maltoside B-C1,G,)

A 10 ml stock solution of 1.01 TOM was prepared from 5.15 mg nfdodecylp-maltoside
(B-C12Gy) and pure water. For each measurement 4 ml of solution were taken out and the
volumetric flask was refilled with water, therefore every new solution had a dilution factor of
0.6.

For experiment, 1 ml of solution was used for rinsing the NMR tube and 0.5 ml were used for
measurements. The stem coaxial insert of the NMR tube was filled with 0.:20n&id it

was used for all measurements. Samples were sealed with parafilm and allowed to equilibrate
for at least 12 hours before measurement. For every sample were recorded a Skkndard
NMR, two 1D H-NMR experiments with water suppression using the pulse sequence:
stebpgpeslsld.sek (with 2% and 95% gradient strength) and one 2D DOSY experiment with
the pulse sequence: stebpgesls.sek. All measurements were carried auto at 25 °C. Details

about concentration, results and experimental parameters are presented in Table 7.7.

Table 7.7. Experimental data fordodecylf-maltoside §-C1.G,); TD (F) = 8k, TD (k) =
32, NS =256

c/mM | c/emc| D/10° mfs™ | Alms| &/ms
1.01 6.3 1.306 100 1.6
0.6 3.8 1.698 50 1.9
0.36 2.2 2.225 50 1.6
0.21 1.3 3.476 50 1.5
0.13 0.8 3.858 50 1.3

AD = +0.006 + = 0.09 (the error increases with decreaseys of
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The pulse sequence stebpgpeslsld.sek

MC
ZE PLphl P2ph2pP3pha  PLph4 pp pho P12:sp1 ph5 P2 ph6 P12:sp1 ph7 P2 ph8 0

F1 PLO PL1 PLO PL1

30mD150u D16 D16 D16DELTAlp1ie D16 50u D16 4uD12 4u DI16TAU D16 4uD12 D16 4u 30m

Go loop
MC loop

P30:6 P30:6 P19:7 P30:6 P30:6 P16l P16:1  P16:2 P16:2

The pulse program used for diffusion experiments with water suppression is following:

;stebpgpeslsid
;avance-version (07/05/08)
;1D sequence for diffusion measurement using stimulated echo
;using bipolar gradient pulses for diffusion
;using 1 spoil gradient
;water suppression using excitation sculpting with gradients
;T.-L. Hwang & A.J. Shaka, J. Magn. Reson., Series A 112 275-279 (1995)
:$CLASS=HighRes
;$DIM=1D
STYPE=
$SUBTYPE=
;$COMMENT=
prosol relations=<triple>
#include <avance.incl>
#include <Grad.incl>
#include <Delay.incl>
"p2=pl*2"
"d12=20u"
"TAU=de+pl1*2/3.1416+50u"
"DELTA1=d20-p1*2-p2-p30*2-d16*3-p19"
1ze
2 30m
dl
50u UNBLKGRAD
pl phl
p30:gp6
d16
p2 ph2
p30:gp6*-1
d16
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pl ph3

p19:gp7

d16

DELTAl

pl ph4

p30:gp6

d16

p2 ph2

p30:gp6*-1

d16

S0u

pl6:gpl

d16 plo:f1

(p12:spl ph5:r):fl

4u

d12 pll:fl

p2 ph6

4u

pl6:gpl

d16

TAU

pl16:gp2

d16 plo:f1

(p12:spl ph7:r):fl

4u

d12 pll:fl

p2 ph8

p16:gp2

d16

4u BLKGRAD

go=2 ph31

30m mc #0 to 2 FO(zd)
exit
phl=0
ph2=0000 2222
ph3=0000 0000 2222 2222
ph4=0123
ph5=0000 1111
ph6=2222 3333
ph7=0000 000011111111
ph8=2222 222233333333
ph31=0321 2103
;pl0 : 120dB
:pl1: f1 channel - power level for pulse (default)
;pl : f1 channel - 90 degree high power pulse
:p2 : f1 channel - 180 degree high power pulse
;spl : f1 channel - shaped pulse 180 degree
;p12: f1 channel - 180 degree shaped pulse (Squal00.1000) [2 msec]
;p16: homospoil/gradient pulse
;p19: gradient pulse 2 (spoil gradient)
;p30: gradient pulse (little DELTA * 0.5)
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:d1 : relaxation delay; 1-5* T1

:d12: delay for power switching [20 usec]
;d16: delay for gradient recovery

;d20: diffusion time (big DELTA)

;NS : 8 * n, total number of scans: NS * TDO
DS :4*m

;use gradient ratio: gp6:gp7

; var :-17.13

;use gradient ratio: gpl:gp2

; 31: 11

;for z-only gradients:

;gpzl: 31%

:gpz2: 11%

;gpz6: 1-100%

:gpz7: -17.13% (spoil)

;use gradient files:

;gpnaml: SINE.100

;gpnam2: SINE.100

;gpnam6: SINE.100

;gpnam7: SINE.100

:$ld: stebpgpeslsild,v 1.0 2009/02/10 09:36:59 ber Exp $
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8.1. Overview over all newly synthesized compounds

8.1.1. Alkyl-ethoxylated myo-inositol derivatives

BnO

BnO o) Ci2Hzs
(0]
OBn 3

OH
HO
HO
HO ) CqoHzs
0]
OH 3

rac-19, page 112

BnO

(0]
BnO (@)

o Ci2Has
HO (@]

3
HO

BnO OBn HO OH
OBn OH
20, page 113 21, page 114
0 \~0 OH
I'e) HO
o}
o O\é/\O%Cmst OH
3
25, page 116 rac-26, page 117

OH

rac-29, page 118

O
O
0}

0]

(0]
O
le) Bn
\6/\0)/
3

rac-30, page 119

rac-31, page 121

o
O

o

OH

C12H250
HO
HO OH
le) H
\6/\0)/
3

rac-32, page 122
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Q Ci2Has
BnO o
3
0o Ci2Has
(0]
OBn 3

rac-39, page 132

BnO
BnO

o CyoH
HO \é/\oaf 12H2s
3
O\é/\ )/012H25
O
OH 3

rac-40, page 134

HO
HO

/GO\/% ¢}
DQOO o)
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\6/\0 g

rac-41, page 135

C12H25/€ O\/i\o OH
Qo

OH
> op

rac-42, page 136

Ci2Has -
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8.1.2. Complexes C1.DMPO : salts

159

CqoH CqoHos CyoH
\\P/ 12H25 \\P/ \\P/ 12H25
| | |
| | |
iu 2*acr Cu %" S0,* Ciu 2 2Br
! ! !
l | )
~ \\012"'25 e \\012Hz5 e \\Cqus
56, page 141 57, page 143 58, page 143
\\P/C12H25 \\P/C12H25 \P/C12H25
| | |
| | |
Cu 2 2(CH,CO0") Cu 2* 2(CsH,0,) Cu 2* 2(BF)
i ! o
| | |
e \\012H25 e \\C1ZH25 e \\Cqus
99, page 144 60, page 145 61, page 145
CqoH CqoH CqoH.
\\P/ 12H2s \\P/ 12H2s \\P/ 12H2s
| | |
| ? y
ii*' Ccr Li* Br- Na* Cr
o ! !
l | l
e \\Cqus ~ \\Cqus e \\012H25
62, page 146 63, page 147 64, page 147
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8.2. Abrevations

ATR
APT
BDA
Bn

br
C1.DMPO
calc.
Caol H
CSA
Cub
CyHex
DCM
DMF
DOSY
DSC
EA

eq
EtOAC
FT-IR
h
HR-MS
KOH
LC
LCD
M

Me
MeOH
min
mp
MS
MTBE
NaH
NaOH
NMR
Pd/C
PFG
PM
ppm
p-TsOH
r.t.

R¢
SmA
TFA
THF
TIR
TLC
Ts

attenuated total reflection
attached proton test
butane-2,3-diacetal

benzyl

broad

n-dodecyldimethyl phosphine oxide
calculated

columnar hexagona mesophase
camphor sulfonic acid

cubic mesophase

cyclohexan

dichlormethane
N,N-dimethylformamide
diffusion ordered spectroscopy
differential scanning calorimetry
elemental analysis

equivalent(s)

ethyl acetate

Fourier transform infrared spectroscopy
hour

high-resol ution mass spectroscopy
potassium hydroxide

liquid crystal

liquid crystal display

molar

methyl

methanol

minute(s)

melting point

mass Sspectroscopy
methyl-tert-butylether

sodium hydride

sodium hydroxide

nuclear magnetic resonance
palladium supported on charcoal
Pulsed field gradient
polarization microscopy

parts per million

p-toluene sulfonic acid

room temperature

ratio of fronts

Smectic A mesophase
trifluoracetic acid
tetrahydrofuran

total internal reflection

thin liquid chromatography
tosyl
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