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1 General introduction

1.1 The concept of liquid crystalline mesophases

Liquid crystalline phases are formed as intermediate phases (mesophases) during the
transition from the highly ordered crystalline solid to the disordered isotrop liquid states.*
This state of mater combines order and mobility on a molecular level.

According to classic concepts, molecules being able to produce liquid crystalline phases are
divided into two main classes. anisometric (rod-like or disc-like) molecules and amphiphilic
molecules (surfactants).

—————— e
Rod-like molecule

i/
"

Nematic phase (N) Smectic A phase (SmA) Smectic C phase (SmC)

-

Disc-like molecule

Columnar phase (Cal) Discotic nematic phase (Np) Lamellar columnar phase (Col|)

Figure 1.1 Mesophases formed by rod-like molecules and disc-like molecul es.

In most cases, anisometric molecules form exclusively thermotropic mesophases whose
mesomorphic properties are dependent on temperature.? Calamitic (rod-like) molecules can
form nematic and/or smectic phases. In the nematic phase, the molecules maintain an
orientational direction, while they do not have positional order. In smectic phases, besides
the orientational order, the molecules are arranged in layers, if the long axes of the
molecules are in average perpendicular to the plane of the layers, it is caled smectic A



mesophase; if the molecules are uniformly tilted, it is a smectic C phase; if the smectic
phase involves a hexagonal positional order in the plane of the layers, it is called smectic B
phase. The most common mesophases formed by discotic molecules are columnar
mesophases, in which the molecules stack into columns which can further arrange into
different lattices corresponding to hexagonal, rectangular and oblique columnar phases,
sometimes discotic molecules can form nematic phases (in which the positional order is lost
and the short axes of the molecules preferably align parallel) and smectic phases namely,
the discotic lamellar and the lamellar columnar phases (see Figure 1.1).4°

Lyotropic mesophases

FPrimitive

Body-
centered

Face-
centered

Normal phases Inverted phases
(Type 1) (Type 2)

Figure 1.2 Mesophases formed in lyotropic system.

Amphiphilic molecules consisting of a hydrophilic headgroup and a hydrophobic part can
form thermotropic and/or lyotropic mesophases whose mesomorphic properties change with
the concentration of an additional solvent and the temperature.® The driving forces for the
formation of liquid crystalline phases of amphiphilic molecules are the micro-segregation’
of hydrophilic and the lipophilic molecular parts into different regions, as well as the strong
attractive forces between the hydrophilic headgroups, such as intermolecular hydrogen
bonding and coulomb force. Apart from the lamellar (smectic) and columnar mesophases,



different cubic phases have been detected in thermotropic and lyotropic phase sequences of
amphiphilic molecules.2® The mesophases formed in lyotropic system are schematically
shown in Figure 1.2.

According to the sign of the interface curvature between hydrophilic and lipophilic regions,
normal phases (type 1, in which the interface curvature between hydrophilic regions and
lipophilic regions is directed away from the regions with stronger cohesive interaction) and
inverted phases (type 2, in which the interface curvature is directed towards the regions with
stronger cohesive interaction) are distinguished in lyotropic systems. At zero interface
curvature the lamellar Smectic A) phase occurs. As the absolute value of the curvature
increases, the formation of cylindrical aggregates of the columnar mesophase takes place
via bicontinuous cubic mesophases. As the interface curvature is further increased, the
transition from the hexagonal columnar to a micellar cubic mesophase takes place.

Hence, cubic phases can occur as intermediate phases between lamellar and hexagonal
columnar phases (icontinuous cubic phase, V-phases), or between hexagonal columnar
phases and micellar solutions (discontinuous cubic phases, 1-phases). Bicontinuous cubic
phases can be regarded as interwoven networks of branched columns, while the
discontinuous cubic phases consist of closed spherical or nonspherical micelles.'® Several
different types of micellar cubic phases have been found in lyotropic system. In type 1-
systems, Pm3n cubic phases are most common, however, it has been recently reported, that
by increasing the content of water the Pm3n can be replaced by a body centered cubic phase
of space group Im3m and a face centered cubic |1-phase (space group Fm3m).* Exclusively
micellar cubic phases of the space group Fd3m have been observed in lyotropic type 2
systems. 2

Bolaamphiphilic molecules represent a special type of amphiphilic molecules, which have
hydrophilic headgroups at both ends of the hydrophobic molecular part.’* Unlike the
conventional amphiphilic molecules which form bilayer smectic phases, these molecules.
form monolayer smectic phases. Only few reports on columnar and cubic phases of
bolaamphiphiles have occurred.**



1.2 Block copolymersand block molecules

Block copolymers consisting of chemically or structurally different blocks (Figure 1.3), can
form the same mesophase types as those found for low molecular weight amphiphiles, but
on a significantly larger lengths scale.®>'%1” The microsegregation of the incompatible
blocks into different regions, which are separated by interfaces is the main driving force for
thelr mesogenity. The microsegregation itself depends on the size of the blocks and the
degree of the chemical and structural differences among the blocks. Important parameters
that govern the microsegregation of AB diblock-copolymer are the total degree of the
polymerization N = Na+Ng, the segment interaction parameter ¢ = Vg (Ch-ck)? / RT (Vg, a
reference volume, da, Gk are the different solubility parameters) and the volume fraction of
the components .18

S i

AB-diblock copolymer Star block copolymer Linear triblock copolymer

=S

Rod-coil block copolymer®® L C-coil block copolymer®
Figure 1.3 Some examples of block copolymers.

The product of N and ¢ decides the occurrence of the microsegregation. Since ¢ depends on
temperature, microsegregation is temperature dependent and occurs below a certain order-
disorder transition temperature. The parameter f determines the morphology of the formed
structures, namely the curvature of the interface between the different regions.

The mesophases formed by the block copolymers are striking analogous to those formed by
amphiphilic and anisometric molecules.?! Actually, most liquid crystalline molecules can be
regarded as low molecular weight analogues of block copolymers consisting of chemical or
structural different building blocks (hydrophilic / lipophilic, polar / non-polar, hydrocarbon
| fluorocarbon, oligosiloxane / hydrocarbon or rigid / flexible). The thermotropic and



lyotropic mesophases can be regarded as the consequence of the division of space into
different regions separated by interfaces, generated by the aggregation of the blocks with
different affinities. The stability of the mesophase depends on the degree of the chemical
and structural difference and the size of the different building blocks. If the different units
are very large asin block copolymers, even very small differences in chemical structure can
give rise to microsegregation; if the blocks are small, the chemical difference between the
blocks has to be increased.

The mesophase type depends on the interfacial curvature separating the different regions:
Planar interfaces in smectic phases, cylindrical interfaces in columnar phases and three
dimensionally bent interfaces in the cubic phases and other 3D-mesophases.

If the molecules are rigid, the formation of flat (calamitic molecules) and cylindrical (disc-
like molecules) interfaces is favored;, if the molecules are flexible (amphiphiles,
blockcopolymers), then different mesophases can be found.

Calamitic rigid units

Flexible lipophilic chains 1 / Polar group
A
B-1 B-2

Figure 1.4 Different topologies obtained by the combination of the rigid units, flexible
chains and polar groups.

Recently, in order to design new types of mesogens, different molecular structures have
been combined. For example, hydrophobic parts of amphiphilic molecules have been
replaced by anisometric rigid units.?*%In this way, there are two driving forces for their
self-organization. One is the parallel arrangement of the anisometric rigid units, the other is
the micro-segregation of incompatible molecular parts. If these two driving forces are
combined in such a way that they act in the same direction, they can enhance each other.
This cooperative combination of microsegregation and rigidity is found in calamitic
molecules, where the polar groups are fixed in a terminal position (see Figure 1.4: A).24%%
Another designing principle makes use of the combination of micro-segregation and rigidity
in a competitive manner. For example, the lipophilic chains can be connected in latera
positions to bolaamphil philic molecules (Figurel.4: B-1)% or polar groups can be located in
the lateral position of a calamitic core (Figure 1.4: B-2).2® This could lead to novel block-
molecules, which are able to build up novel non-conventional supramolecular structure,
related to those of multiblock-copolymers.?’



1.3 Liquid crystalswith perfluorinated chains

Because of the unique thermal, mechanic and dielectric properties of fluorinated materials,
as for example Teflon and polyvinylidenfluoride, they have many technical applications.
Liquid crystals containing fluorinated aromatic segments or trifluoromethyl groups have
attracted much attention owing to their excellent properties for liquid crystal display

application. 2829
alkylchains —_ fluorocarbon chains
(fluorophobic block) (fluorophilic block)

| FF EF FF FF FF FF

i FF FF FF FF FF FF
Cr? LC,69 LG, 92150 (T/°C)

(@ (b)

Figurel5 Mesophases formed by partly fluorinated alkanes F-(CF2)n-(CH2)n-H:
(8) model of the lamellar high-temperature phase; (b) undulated bilayer
model of the low-temperature phase.*?

But only recently, liquid crystals containing longer perfluorinated chains were studied.
Generdly, liquid crystals incorporating perfluoroalkyl chains are known to show smectic
properties.®® Even very simple molecules as for example diblock molecules combining a
hydrocarbon and a fluorocarbon chain form smectic liquid-crystalline phases (Figure
1_5)_31,32

Also molecules with only one aromatic ring and fluorinated segments represented smectic
mesophases, while their related hydrocarbon compounds are non- mesomorphic.3
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I:21(310(0H2)200(3‘<j> A: Cr 77 SmA 90 Iso
=N B: R = C,;F4sCH, Cr 50 SmC 56 SmA 133 Iso
HBCG \ / OR
N C: R =CgHyCr 38 N 62 Is0

OO OR D:R=CHy Cr59 (SmC 53) SmA84 N 94

RO ‘ E: R = (CH,),C4F13 Cr 30 Col, 210 Iso
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Br OCqoHos
o CrocoDroeoCh
OC12Hos

F: R = CgF13(CH,)eg Cr 105 Col 137 Cub 171 Iso
G :R = CyoHos Cr 120 Col 125 Iso

Figure1l.6 Representative examples for the influence of the perfluorinated segments on
the liquid crystalline properties of calamitic molecules (A, B, C),*? disk-like
molecules (D, E)®® and polycatenar molecules (F, G).3*

Attachment of fluorinated alkyl chains to rod like mesogens leads to an enhanced stability

of their smectic phases.® Replacing the alkyl chains of disc-like molecules,®® taper-shaped

molecules and copolymers built up of tapered units by perfluorinated chains, stabilizes their

columnar phases too. 3’ Perfluorinated chains not only cause a phase stabilization, but also a

variation of the mesophase structure. So nematic phases are replaced by smectic ones, and a

diversity of mesophases was observed in polycatenar molecules with perfluorinated chains;

as for example two-dimensional modulated smectic phases SmA, SmC), columnar and

cubic mesophases (Figure 1.6).%

These influences can be due to some special properties of the perfluorinated chains. 3

1. Thevan der Waals radius of fluorine (0.147 nm) is larger than that of hydrogen (0.12
nm). Therefore the cross-section area of a perfluorinated chain (0.27-0.35 nn?) is much
larger than those of alkyl chains (0.18-0.20 nn¥) and biphenyl moieties (ca. 0.22 nn).

2. Theenergy barrier between trans and gauche conformation, as well as between different
gauche conformations are 3-5 times higher than those in the linear hydrocarbons.



3. Dueto steric reasons, the perfluoroalkyl chains are more rigid than alkyl chains,*** and
they adapt a helical conformation. *°

4. The dipole moment of the CF, group (2-3 D) is larger than that of CH, group, this may
induce local dipolar repulsion between the perfluoroalkyl chains of the neighboring
molecules.

5. The cohesive energy between perfluoroalkyl chains (10-15 mN/m) is lower than
between hydrocarbon chains (30 mN/m) and between water molecules (72 mN/m). This
leads to an incompatibility of perfuoroalkyl chains with water, with aliphatic and with
aromatic hydrocarbon. **

=<----- Aromatic rigid cores

CH30CH2C7F15

Cr72 SmE 138 Sma168 Iso

<---—- Fluorinated chains

Figure 1.7 A complete segregation of fluorinated chains and aromatic segments.*®

The incompatibility of perfluorinated hydrocarbons (Rr) and non-fluorinated hydrocarbons
(Ry) is denoted as fluorophobic effect. Because of the fluorophobic effect, R-Ry diblock
molecules (see Figure 1.5) represent amphiphiles, which can form micelles and bilayer
aggregates in both hydrocarbon and fluorinated solvents.*? The incompatibility between the
perfluorinated block and the alkyl block is also responsible for the formation of separate
alternating sublayers leading to mesophases.

Combination of the fluorinated chains with calamitic segments, such as biphenyl units leads
to smectic phases with enhanced mesophase stabilities. In the calamitic compounds, shown
in Figure 1.7, for example, the aromatic segments are completely interdigitated and ordered
in an orthorhombic cell, while the fluorinated chains remain liquid-like disordered. Here,
the stress caused by the different space filling of the intercalated aromatic cores (2" 0.22
nn?) and the non-intercalated perfluoroalkyl chains (0.27-0.36 nn¥) is released by folding
the perfluoroalkyl chains.*® The recently reported semifluorinated carboxylate H** is the



first example of an amphotropic molecule consisting of four different incompatible
segments (Figure 1.8). These molecules represent amphiphilic block molecules in which
rigid segments and micro-segregation enhance each other, leading to predominately smectic
phases.

O FF
KVO&(%(\/\/\/\/\AON
FE FF
Ehydrophil i fluorophil i lipophil i rigid core !

Cr 135 (SmC 135) SmA 190 Iso
Figure 1.8 Four block semifluorinated carboxylate H.

It should also be emphasized that, not in all cases, the influence of the perfluorinated chain
on the liquid crystalline properties is in line with the properties expected from the special
features of fluorinated chains. For example, despite of the incompatibility between the
fluorinated and non-fluorinated segments, severa diblockmolecules form monolayer
structure, in which the perfluorinated chains and the akyl chains are not separated.’®
Furthermore, it was reported, that in LB-films, the perfluorinated chains can adapt a non-
helical conformation.“® In this way, the influence of the perfluorinated chains on molecular
self-organization is very complicated. Hence, the syntheses of new low molecules
comprising fluorinated chains and their systematic investigation are of contemporary
scientific interest.

1.4 Objectives

Therefore, the aim of this work is to introduce perfluorinated chains into several classes of
non conventional low molecular weight block molecules shown in Figure 1.9, which were
firstly studied in our laboratories.*8>>>7261

Our interest will be focused on the following key points:

1) Replacement of akyl chains in the polyhydroxy amphiphiles 7*® by perfluorinated
chains. Here, we want to know, whether it would be possible to change the cubic lattice
type of the thermotropic inverted (type 2) micelar cubic phases from Pm3n to Im3m or
Fm3m by increasing the size of the lipophilic molecular parts in the same way as the cubic
lattice of the type 1 micellar cubic phases of the lyotropic C12,EOQ1»>-system has been changed
from Pm3n via Im3m to Fm3m by increasing the water concentration, i.e. on enlarging the
polar region.*’



2) As only columnar phases have been observed for the pentaerythritol benzoates with
alkyl chains 27,°"% we want to know, whether it would be possible to realize other
mesophase types by replacing the alkyl chains by perfluorinated chains.

3) Finaly, the lateral alkylchains of the bolaamphiphiles 53, 58, 712°®* will be replaced by
lateral perfluorinated chains, which could possibly change the mesophase morphologies of
such molecules.

We will compare the perfluorinated compounds with their corresponding hydrocarbon
derivatives, and evaluate the influence of the fluorophobic effect and of steric effects on the
mesophobic behavior of these new molecules.

o)
R \
o s (O
H OH 0%
R{ R4 HO OH
Rj 7 13, 16
R HO OH
2
o OO
Rs Rs

ol
Ry @] R R,
o\/%\ o 53, 58
Rs o
0]

(@)
R © Ry /_(—OH
Rf Ry Ry Hoo OH
R2

R1 = OCiHant1; Re, Rs = H, OCyH2n+1; Ry = CHonea; Rs = H, CrhHonet

Figure1.9 Non conventional mesogens recently studied: polyhydroxyamphiphiles {),*

calamitic amphiphiles (13, 16),° pentaerythritoltetrabenzoates (27); 5%

Bolaamphiphiles with lateral chains (53, 58, 71). 2!

10



2 Thermotropic mesophases of simple amphilpilic molecules —
polyhydroxy amphiphiles

2.1 Introduction

In the series of 1-benzoylaminopropane-2,3-diols, smectic, columnar and cubic mesophases
can be formed depending on the number of alkyl chains attached to the diol moiety: the
single chain compounds form exclusively SmA-phases, while double chain compounds can
form smectic (SmA), bicontinuous cubic (Cuby,) and columnar phases (Coly2) depending
on the chain length and the size of the polar headgroup. Triple chain compounds can form
columnar (Colyz) and in some cases even micellar cubic mesophases consisting of closed
spheroidal micelles (Cubyz). In this way, al main types of inverted (type 2) lyotropic
mesophases have been redlized by variation of the relative size of the lipophilic and the
polar regions.*®*° |t should be emphasized that, in thermotropic phase sequences micellar
cubic phases are extremely rare, besides these polyhydroxy amphiphiles only cone shaped
dendritic aromatic polyethers decorated with lipophilic alkyl chains® can exhibit micellar
cubic mesophases. Remarkably, all inverse micellar cubic thermotropic mesophases have
the Pm?3n lattice. Only in one case an Im3n phase was very recently reported. >

(0] (@]
HasC 150 HsC 12O
H OH H OH H OH
H,5C1,0 H,5C,,0 H2sC1220
OC12Hzs

Cr 89 SmA 132 Iso Cr 98 Coly, 1481s0 Cr69 Cub;; 121 Iso

Figure2.1 Thermotropic mesophases found in polyhydroxy amphiphiles 7 (phase transitions:
T/°C).

In order to design new compounds with thermotropic micellar cubic mesophases, we have
synthesized the novel polyhydroxy amphiphileswith semifluorinated chains shown below:

o o OH (0]
Re J/\/ Re ~_-OH
R OH N

w/\(\OH F N z:@)k |
b on ) . {

RE{ Re{ i

RF3

7 8-2F 46 9-2F 46

11



2.2 Synthess

REl LiAIH
/\(\%\OH — R _4> RE
Pd(PPhy), n OH ether N0 oH 3
1 hexane 2

80%

48 % HBr

. )
98 % H,50,| BUN'HSO,
(HO)
[RFM HO COOR
n
(HO)
RF\/\()ﬁ\O OOH <——— Rg -
[RF\/\@/\O 1. K,CO3, DMF n
n 2. 6N KOH,
6 95 % EtOH 4
70% 70%

Scheme 2.1 Synthesis of the alkoxybenzoic acids with semifluorinated chains.

The akoxybenzoic acids 6 with semifluorinated chains were synthesized according to
Scheme 2.1. At first semifluorinated alkylbromides 4 with variable chain lengths were
prepared from commercially available w-alken-1-ols 1 and 1-iodoperfluoroalkanes. The key
sep is the Pd°-catalyzed radical addition of 1-iodoperfluoroalkanes to w-aken-1-ols,
followed by reduction of the obtained iodides 2 with LiAlH, to afford the semifluorinated
alcohols 3. Bromination of the semifluorinated alcohols 3 with 48 % aqueous HBr,
n-BwN*HSO,4 as a phase transfer catalyst in the presence of catalytic amount of 98 %
H.SO, gave the semifluorinated alkylbromides 4. The etherification of ethyl or methyl
hydroxybenzoate by the semifluorinated alkyl bromides 4 was accomplished in DMF with
KoCOs; as base, followed by basic hydrolysis in ethanolic KOH. The resulting
perfluoroalkoxybenzoic acids 6 were purified by repeated crystallization from petroleum
ether or ethanol.>*

The benzamides 7, 8 and 9 were synthesized according to Scheme 2.2. The benzoic acids 6
were treated with SOCh. The crude acid chlorides were aminolyzed with 1-aminopropane-
2,3-diol, 2-aminopropane-1,3-diol, and 2-aminoethanol in the presence of DMAP to give
the benzamides 7, 8 and 9.°

The purification of the final compounds was done by means of preparative centrifugal thin
layer chromatrography with a Chromatotron (Harrison Research), followed by repeated
crystallization.
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Scheme 2.2 Synthesis of the benzamides 7, 8 and 9.

2.3 Liquid crystalline properties

2.3.1 1-Benzoylaminopropane-2,3-diols: 7

The mesomorphic properties of the synthesized compounds are collected in Table 2.1. In
the notation of compounds 7, the number of chains is given first, followed by the type of
chains (H = hydrocarbon, F = semifluorinated chains). The following subscript numbers

described the number of CF>-units and CH,-units in the semifluorinated chains.

Gerneraly, the fluorinated compounds have a significantly enhanced stability of the
mesophases in comparison to the hydrocarbon analogues. This increased mesophase
stability should mainly be due to the increased intramolecular polarity contrast on replacing

the akyl chains by the more lipophilic semifluorinated chains.
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Table2.1 Comparison of the transition temperatures and associated enthal py values
(lower lines, in italics) of the semifluorinated 1-benzoylaminopropane-2,3-diols
with those of the related hydrocarbon derivatives.

0]
RZJQ)L'\H/\(\OH
R H OH
RS
Comp. Ry R, Rs Phase transitions (T/ °C)
DH/KJ mol ™

7-1H OCyzHas H H Cr 89 SmA 132 1s0

36.6 0.8
7-1Fe/4 O(CH2)4CsF13  H H Cr79 SmA 223 Iso

28.9 1.05
7-2H OCyzHas OCy2Hos H Cr 98 Coly, 148 1s0

604 14
7-2F4ls O(CH2)6CsFs  O(CHy)sCsFo H Cr 47 Cuby»162 1s0

208 0.16
7-2Fgl4 O(CH2)4CsF13  O(CHy)4CsF13 H Cr 86 Cuby, 208 Iso

275  0.63
7-3H OCyzHas OCy2Hos OCyzHas Cr69 Cuby, 121 1s0

115 07
7-3F4l4 O(CH2)4CsFy  O(CHy)4CyFo O(CH2)4CsF9 Cr 49 Cuby, 154 Iso

371 0.80
7-3Fe/4 O(CH2)4CsF13  O(CHy)aCsF13 O(CH2)4CsF13 Cr 59 Cuby, 188 Iso

258  0.84
7-3F4l4 O(CH)aCiF1s  O(CH)4GrFis O(CH2)4CrF1s Cr <20 Cuby»193 Iso

0.86

" O(CH2)4CrF15 = (CH2)4(CF)4CF(CFs),

Table2.2 Lattice parameter of the smectic phases (d), hexagonal columnar mesophases
(anex), and the cubic mesophases (acup) of the 1-benzoylaminopropane-2,3-diols

7.
Comp. d/nm(T/°C) aned MM (T/°C)  agw/nm (T /°C)
7-1H 4.03 (85)
7-1F4/, 4.2 (90)
7-2H 3.48 (84)
7-2Fals 7.05 (75)
7-2F¢/4 7.40 (75)
7-3H 7.94 (75)
7-3F44 5.45 (75)
7-3F¢ls 7.40 (90)
7-3Fl, 7.40 (60), 7.6 (100)
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The mesophase type can be the same or quite different for the fluorinated amphiphiles. The
semifluorinated single chain compound 7-1Fgs4, just like its hydrocarbon analogue 7-1H,°
exhibits a SmA mesophase with focal-conic fan textures. They can be homeotropically
aligned giving pseudo-isotropic regions separated by oily streaks. The X-ray diffraction
pattern of this compound exhibits a strong reflection in the small angle region corresponds
tod =4.2 nm and a diffuse scattering in the wide-angle region, indicating a layer structure.
The layer spacing is larger than the length of the molecule L = 2.7 nm as estimated from
CPK models). Therefore, abilayer structure with a partial intercalation of the polar moieties
must be assumed.

Interestingly and remarkably, the semifluorinated two-chain compounds 7-2F4s and 7-2Fg4
do not display columnar mesophases as usualy observed for the two chain hydrocarbon
analogues (for example 7-2H° ). As shown below, they display micellar cubic phases. It
seems that, the mesophase behavior of the two-chain compounds 7-2F is similar to that of
the related three-chain hydrocarbon analogue 7-3H°.

The semifluorinated three-chain compounds 7-3F44, 7-3Fg4 and 7-3F4 represented cubic
mesophases as expected, but in comparison with their hydrocarbon analogues (for example
7-3H°), a significant mesophase stabilization and a decrease of the melting point, and
therefore a significantly broader liquid crystalline range is found.

The X-ray diffraction pattern of the cubic phases of the two-chain compounds 7-2F4s,
7-2F¢4 and the three-chain compounds 7-3F44, 7-3F74 can al be indexed on the basis of a
Pm3n lattice. The lattice parameter are collected in Table 2.2.

The inverse micellar structure of the cubic phases of compounds 7-2Fg4, 7-3Fg4 and 7-3F74
was confirmed by miscibility experiments. The binary phase diagrams of the systems
7-1Fg/a + 7-2Fg1a, 7-1Fg4 + 7-3Fg4 and 7-1Fg4 + 7-3F74 are shown in Figure 2.2b, 2.2c and
2.2d, respectively. As shown in Figure 2.2b, as the concentration of the two-chain
amphiphile 7-2Fg/4 increases in the mixture with the single chain compound 7-1Fga, the
value of the polar-apolar interface curvature becomes increasingly negative. Because the
phase sequence SmA-Cuby,-Coln,-Cuby2 can be observed in the contact region between the
SmA-phase of 7-1Fg 4 and the cubic phase of 7-2Fg 4, the cubic phase of 7-2F¢4 cannot be a
bicontinuous one. A similar phase diagram was found in the systems of the single chain
compound 7-1Fe/4 with the three chain compounds 7-3Fg4 (Figure. 2.2c) and 7-3F74 (Figure
2.2d), but the region of the Cub,,-phase in these two binary systems is much broader than
that in the system 7-1Fg4 + 7-2F¢a.

These results indicate that, due to the larger cross-section area of perfluoroalkyl chains,
compounds 7-2F4e and 7-2F¢4 with two semifluorinated chains form Cub, phases, instead
of the smectic, bicontinuous cubic and columnar phase of the hydrocarbon analogues.
Interestingly, not only the lamellar phase, but also mesophases, which require curved polar-
apolar interface curvatures (Cuby,, Colyp, Cub)) are significantly stabilized by introduction
of the semifluorinated chains (Figure 2.2b, Figure 2.2c and Figure 2.2d). This is contrary to
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the general assumption, that perfluoroalkyl chains are more rigid than alkyl chains.
Therefore, the influence of rigidity, which is often used to explain the increased smectic
mesophase stability of perfluorinated calamitic liquid crystals,*® seems to be less important
here. Another remarkable phenomenon is that the induced Cuby, phase, which does not
occur in the binary phase diagram of the hydrocarbon analogues (see Figure 2.2a), occurred
in al three binary phase diagrams of semifluorinated compounds in a certain concentration
and temperature region. This leads to the unconventional themotropic phase sequences
Colpz-Cuby2-Colhz, SMA-Cuby2-SmA and SmA-Cuby2-SmA-Coly, for certain mixtures (re—
entrant behavior). The reason may be, that the average conformation of the semifluorinated
chains changes in dependence on the temperature.

It should be pointed out that 7-2Fs4 and 7-2F4 were the first fluorinated molecules which
exhibit the thermotropic micellar cubic mesophase.®® Simultaneously, they are the first
amphiphiles with only two lipophilic chains showing this mesophase.

The three chain compound 7-3F4, in which the perfluorinated chains have the same length
as in compound 7-3Fg4, but they are branched, has a Pm3n lattice too. This means that, by
branching the perfluorinated chains, the structure of the cubic phase cannot be changed.
However, the binary phase diagram (Figure. 2.2d) of the system 7-1Fg4 + 7-3F74 shows the

broadest concentration region of the Cub,, phase, which means that branching the chains
can stabilize the cubic phase.
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2.3.2 Theinfluence of the size of the hydrophilic parts of the amphiphilic molecules
on their mesophase behaviors

It was reported that the mesophase behavior of polyhydroxy amphihiles with hydrocarbon
chains can be changed by changing the position and number of the hydroxy groups (Table

2.3).9°3

A smilar influence was observed for the series of fluorinated two chain amphiphiles
7-2F 46, 8-246 and 9-2F 4. The two chain propane-1,2-diol 7-2F4¢ displays the Cub, phase,
whereas the related propane-1,3-diol 8-2F¢ displays exclusively a Coln, phase. It means
that the 1,3-diol group represents a significantly larger hydrophilic group than the
corresponding 1,2-diol group.® By decreasing the number of the hydroxy groups from two
to one (compound 9-2F46), a Cuby2 phase is obtained despite of the fact that this head group
should be smaller than the propane-1,2-diol unit. It seems that reduction of the cohesive
forces can aso reduce the interface curvature. However also in these two cases, the
perfluorinated chains enhance the stability of the mesophases. Therefore, the columnar
mesophase is more stable in the fluorinated compound 8-2F,6, and mesophase behavior can
be observed for the fluorinated compound 9-2F .

Table2.3 Comparison of the transition temperatures, the corresponding lattice
parameter of the hexagonal columnar (anex), and cubic mesophases (acup) and
associated enthalpy values (lower lines, in italics) of the semifluorinated
amphiphilic 1-benzoylaminopropane-2,3-diols 7, benzoylaminopropane-1,3-
diol 8 and benzoylamino ethan-2-ol 9.

(0] H (6]
Rj©/n\l\ll/\(\OH Rz: 3 iN/COH RjQ)LN/VOH
R; H OH . H Ri H
7 8 9
Comp. Ri=R Phase transitions (T/ °C) AnedNM  agp/NM
DH/KJ mol ™t (T/°C) (T/°C)
7-2F 46 O(CH,)C4Fo Cr 47 Cub,, 162 1s0 7.05
208  0.46 (75)
8-2F 46 O(CH,)C4Fo Cr 71 Col, 177 1s0 3.8
326 115 (150)
8-2H OCgH13 Cr, 64 Cr, 108 [ (Cuby, 50 (Col,, 50)] 10
45 316
9-2F 46 O(CH,)6CaFo Cr 71 Cuby,** 112 Iso 6.5
49.2 0.42 (25)
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3 Linear combination of micro - segregation and rigidity:
amphiphilic biphenyl derivatives

3.1 Introduction

N=0, 13-1Hm Ry = OCnHames, Rz = H
Rl@_@_OL/%_\ N=1, 16-1Hm Ry = OCyHame, Re = H
RS HO  OH 16-2Hm Ry = Rz = OCnHams

n=10,12, 16

Calamitic single chain amphiphilic biphenyl derivatives with the general formula 13-1H,,
and 16-1H,, (R, = H) form not only SmA and SmC phase but also oblique columnar
mesophases, despite the fact that they are neither disc-like nor taper shaped and the parallel
arrangment of the individual molecules should favor smectic layer structures. Therefore, the
columnar mesophases of these rod-like molecules are supposed to result from the collapse
of the smectic layer structure into ribbons, which arrange in an oblique 2D-lattice. The
related double chain compounds 16-2H,,, form hexagona columnar mesophases, which are
regarded as consisting of cylindrical aggregates. Hence, the same diversity of mesophases
as in the thermotropic phase sequence of polycatenar compounds was detected for these
compounds.®® In order to further investigate the relationship between phase behavior and
molecular structure in such molecules, we have synthesized their fluorinated anal ogues.

3.2 Synthesis

The single chain biphenyl derivative 13-1F and 16-1F were synthesized according to
Scheme 3.1. At first, 4-bromophenol 10 was etherified with the semifluorinated
alkylbromides 4. The resulting bromobenzene derivative 11 was coupled with the boronic
acid 49b.1 (synthesis according to Scheme 5.6b, see chapter 5) to afford the acetonide 12.
Acidic hydrolysis® of 12 gave the diols 13-1F. From 11, the boronic acids 49a were
synthesized by the standard method of halogen-metal-exchange. The coupling reaction of
the boronic acids 49a with the bromobenzene derivative 14 afforded the acetonide 15,
acidic hydrolysis®® gave the diols 16-1F with an additional oxyethylene unit.
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Scheme 3.1 Synthesis of the biphenyl derivatives 13-1F and 16-1F. [13-1F g4, 16-1Fg/4:
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The double-chain derivatives 13-2Fs/4 and 16-2F¢4 were synthesized according to Scheme
3.2. At firdt, the ether groups of the commercialy available 4-bromoveratrole 17 were
cleaved with boron tribromide. Etherification of the phenolic hydroxyl groups of 18 with
the semifluorinated alkylbromide 4.2 afforded the bromobenzene derivative 19. Coupling
reaction between 19 and the boronic acid 49b.1 gave the acetonide 20, the acetonide
protecting group of 20 was removed by acidic hydrolysis in ethanol using 10 % HCI as
catalyst to give the double chain derivative 13-2Fg4. If 19 was coupled with the boronic

acid 49b.2, then 22 was obtained, which was hydrolyzed to give 16-2Fg,.
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Scheme 3.2 Synthesis of the amphiphilic biphenyl derivatives 13-2F ¢4 and 16-2F g4.

3.3 Mesophase behavior

The transition temperatures of the fluorinated compounds 13-F, 16-F and the non-
fluorinated compounds 13-H, 16-H are shown in Table 3.1. Just like the hydrocarbon
analogue 16-1H1o, 2 the single chain compound 16-1F, shows a SmA phase, a SMC
phase and two phases with textures typical for columnar mesophases (Figure 3.1). However,
the textures of these two columnar phases are different from those of the Colyp phase of
16-1H10. Because until now, only a layer period was detected by means of X-ray diffraction
experiments. The specific structures of these two columnar mesophases remain unknown.
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Table3.1 Comparison of the phase transition temperatures and associated enthalpy
values (lower lines, in italics) of the semifluorinated amphiphilic biphenyl
derivatives with the related hydrocarbon anal ogues.

[ n
RS HO OH

Comp. Ry R, n Phase transition (T/ °C)
DH/KJ mol ™

16-1H46 OCy6Hs33 H 1 Cr 136 Colgp; 145 Cub 146 Colgy, 148 SMA 170 Iso
16-1Fg/4 O(CHy)4CsF13 H 1 Cr 147 Colx, 152 Colx SmC 158 SmA 219 Iso

14.9 6.1
16-1Fg19 O(CH3)10CsF13 H 1 Cr 149 (Colx 148) Colx, 168 SmA 203 Iso

329 1.6 2.2
16-1H;y  OCioHas H 1  Cr143Colyp 146 SmC 147 SmA 171  Iso
13-1Fgs  O(CH)4CoFis H 0 Cr175SmA 242 Iso

35.9 53
13-1Fg10 O(CH3)10CsF13 H 0 Cr168SmA 225 Iso

36.7 2.0
16-2H;, OCy2Hys OCy2Hos 1 Cr,83Cr,87Coly1351s0
13-2Fgs  O(CH,)aCsF1s O(CH.)sCeFis O  Cr87Col 137 Iso

220 1.2
16-2Fgs  O(CH2)4CsF13 O(CH,)4CsF13 1  Cr<20Col 145 Iso

1.33

Another compound with an interesting polymorphism is 16-1H16 € It has a phase sequence
Colop1-Cub-Colgp below the SmA phase. We have synthesized its fluorinated analogue
16-1Fg/10. It exhibits two columnar phases too (Figure 3.2), but they are not separated by a
cubic phase. Also, the structures of these columnar phases could not be determined till now.
The single chain compounds 13-1Fg4, 13-1Fg10, in which the size of the polar units is
reduced (n = 0) in comparison with compounds 16 exhibit only smectic phases. It seems
that the oxyethylene unit is essential for the occurrence of the columnar mesophases.
Probably the polar units must have a critical size or have some flexibility in order to disturb
the layer arrangement and to induce the columnar phase.

The fluorinated double-chain derivatives 16-2Fs4 and 13-2Fg/4 exhibit hexagona columnar
phases, as shown by their typical spherulitic textures.

Compared with the hydrocarbon analogues, the columnar mesophase of the fluorinated
compounds are stabilized. The same explanations we used for the mesophase behavior of
the polyhydroxy amphipiles 7 (see Chapter 2) could apply here. Namely the second
semifluorinated chain induces a taper shaped molecular structure, leading to circular
cylindrical aggregates, which can organize to hexagona columnar phases. The enhanced
mesophase stabilities are due to the fluorophobic effect. Accordingly, the introduction of the
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perfluorinated segment in such biphenyl derivatives influences the liquid crystalline
behavior, but no unexpected effects have been observed.

Figure 3.1 Texture of the columnar phases formes by compound 16-1Fg4: (a) Coly; at
148 °C; (b) Coly, at 153 °C.

Figure 3.2 Texture of the columnar phases formed by compound 16-1F g10: () Colx1
at 148 °C; (b) Coly, at 167 °C.
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4 Semifluorinated pentaerythritol derivatives

4.1 Introduction

Recently, star-shaped pentaerythritol tetrabenzoates,®’ have been reported as a novel type of
liquid crystals. Contrary to the classical liquid crystalline material, the mesogenity of these
molecules is not based on an anisometric shape (rod-like or disc-like segments) or on a
strong amphiphilicity. Thelr mesogenity was assumed to be caused solely by
microsegregation of the polar central units from the periphera lipophilic alkyl chains. If this
assumption is valid, then it should be possible to change the mesophase type by changing
the relative size of the lipophilic parts with respect to the polar parts, as known for lyotropic
liquid crystalline systems. However, efforts, which have been directed to check this
assumption by changing the number of akyl chains attached to the benzoate units, have
failed so far. The columnar phases of 3,4-dialkoxybenzoates were significantly destabilized
on grafting additional alkyl chains and were completely lost by reducing their number (see
Table 4.1). Because perfluorinated chains can stabilize smectic as well as columnar
mesophases, we hoped, that the anaogous compounds 27-1F and 27-3F with
semifluorinated chains instead of alkyl chains could be mesogenic.

Table4.1 Influence of the number of the hydrocarbon chains on the transition
temper atures of the pentaerythritol benzoates 27-1H, 27-2H and 27-3H.

R>

Ry
O,
R3 Rs3
R O

o) L (@]

R: \/g\o

0O (e}

R3 o R>

Ry R4 R1

R2
Comp.*P R, R, Rs Phase transitions (T/ °C)
27-1H OCyoH>1 H H Cr 42 Iso
27-2H OCyoH>1 OCyoH21 H Cr 54 (Coln, 47) Iso
27-3H OCuoHor OCuoHo1 OCioHor Cr 41 (Colny 8) 150
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4.2 Synthesis

The synthetic route starts with the benzoic acids 6 and 26. The benzonic acids 6 were
synthesized according to Scheme 2.1 (see Chapter 2.2). The benzoic acid 26, with one semi-
fluorinated and one non-fluorinated chain, was prepared via Mitsunobu etherification®® of

PPhs HO
EtOOC—N—N—-COOEt
RF\/\(\/)/FOH . RF\(/\)H/\OOCOOEI

24

HO COOEt

1. C1oH21Br| 2. KOH
K,COj5
DMF

CioH210

COOH or RF\/MB\OOCOOH
n=4 2
HO\)%\ CMC, DMP
OH

HO CH,Cl, ClF CCF.Cl

27 and 28

Scheme 4.1 Synthesis of the pentaerythritoltetral benzoates 27 and 28.

ethyl 3,4-dihydroxybenzoate with the semifluorinated alcohol 3 to yield the monoalkylated
benzoate 24. Etherification of the OH-group of 24 with 1-bromodecane yielded the benzoic
acid 26 after saponificaion of the ethyl ester group with ethanolic KOH. Acylation of
pentaerythritol was achieved with the water soluble  N-cyclohexyl-N¢(2-
morpholinoethyl)carbodiimide methyl-p-toluenesulfonate (CMC) in the mixed solvent
system methylene chloride/ Freon 113 (1:1)*° in the presence of 4-(dimethylamino)pyridine
(DMAP), with an excess of the semifluorinated benzoic acids 6 or 26. Because of the poor
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solubility of the semifluorinated benzoic acids in methylene chloride, it was necessary to
add Freon 113 (1,1,2-trichlorotrifluoroethane) as a cosolvent (Scheme 4.1).

OC1OH21

K(j(ocmwl
F13C6(CH>)40O o
F13Ce(CH2)4OOCOO H +

HO\/%\
O
6.2.2 HO
OCyoHp

CH,Cl,, CI,FCCF.CI CMC, DMAP OCyoHa

0OC1oHp

ﬁOCmHu
F1:C4(CH,),O O
o. Jwu
F13Cs(CH2)40 \/g\

0] @)
F13Ce(C H2)4Ojij= 0 OC1oH2
F13C6(CH,),0 OCioHzt
29

Scheme 4.2 Synthesis of desymmetrized compound 29.

The desymmetrized pentaerythritol derivatives 29 was obtained according to Scheme 4.2.
Accordingly, 2,2-bis(3,4-didecyloxybenzyloxymethyl)-1,3-propanediol®® was acylated with
excess benzoic acid 6 under the same condition as described for the synthesis of 27 and 28.

4.3 Liquid crystalline properties

The mesomorphic properties of the pentaerythritol derivatives comprising eight lipophilic
chains are shown in Table 4.2. The liquid crystalline phases of al fluorinated compounds
have spherulitic textures, as typical for columnar phases. The columnar phase of compound
27-2Fg4>" is a hexagonal one (anex = 3.4 nm, a T = 130 °C). As the optical textures of all
these pentaerythritol derivatives are identical and a complete miscibility was found, we
assume that also the columnar phases of all other compounds are hexagonal phases.
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Table 4.2 Columnar mesophases formed by the pentaerythritol derivatives 27.

R>

Ry
O,
Ry 0
R;@WrO\/%\O /O
o (e}
0 R

2

R{ Ri
Ra
Comp. R R Phase transition (T / °C) CF,: CH,
DH/KJI mol ™

27-2H CioHz1 CioH21 Cr54 (Cal, 47) lIso 0: 1
102.3 5.4

27-2F 46 CaFo(CHa)s CaFo(CHy)s Cr<20Col, 100 1s0® 0.67: 1
41

27-2F g4 CoF13(CHo)a CoF15(CHo)a cres Col 131 Iso® 15: 1
86.5 5.6

28 CoF13(CHo)a CioHoy Cr<20Col, 108 Iso 043 : 1
5.6

Abbreviation: CF,:CH, = ratio of fluorinated to hydrogenated carbon atoms in the chains.

The stacking of the molecules into the hexagonal columnar mesophase should be driven by
microsegregation of the polar central blocks from the semifluorinated chains. The central
polar units aggregate into extended cylinders which are surrounded by the semifluorinated
alkyl chains (Figure 4.1-a). However, due to the tetrahedral preorganisation of the taper-
shaped units around the tetrahedral central cores (see Figure 4.1-c), a disc-like geometry is
not provided by the molecular shape. Instead, an average disc-like molecular shape is the
result of the self assembly process which overrides the unfavorable effect of the molecular
geometry.

The mesophase stabilization in the order 27-2H, 27-2F¢4, 27-2F4s, i.€. with an increasing
degree of the fluorination, is again due to the fluorophobic effect, which increases the
intramolecular contrast and thus forces micro-segregation.

Most interestingly, however, compound 28, in which the semifluorinated and non-
fluorinated chains are covalenly fixed side by side, aso has a significantly enhanced
mesophase stability of the columnar phase in comparison to 27-2H. Here, fluorinated and
non-fluorinated chains cannot segregate into separated regions. However, the columnar
phase of this compound is even more stable than expected from its degree of fluorination
(see CF,:.CH; in Table 4.2). This shows, that micro-segregation of the perfluorinated and
hydrogenated segments is not so important for mesophase stabilization and that the
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mesophase stabilization should mainly result from the enhanced incompatibility between
the lipophilic chains (i.e. the mixed system akyl chains + perfluoroakyl chains) and the
polar regions on increasing the degree of fluorination.

Polar region

,fluorocarbon regign
. ~

@ (b)

() (d)

Figure4.l Schematic presentation of the arrangement of the molecules 27-2F g,
27-2F ¢4 and 28 in the columnar mesophase: (a) cylindrical aggregate; (b)

arrangement of the aggregates in the Coly-phase; CPK models of two
possible conformers of compound 27-2Fg4; (¢) conformer with a rather flat

disk-like shape; (d) conformer with a tetrahedral organization of the benzoate
units.
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OC1oH2
OCioHa1

F13Ce(CH,),0 0
I j 0.
F15C6(CH,)0 \); o
o 29
Flscs(CHz)Lloji\;f‘Q OCuHz
F13C6(CH2)40 OC1oHz1

Compound 29 consists of two different haves. one half consisting of two
3,4-dialkoxybenzyl units, the other one of two 3,4-bis(tridecafluorodecyloxy)benzoyl units.
By cooling to 59 °C, a spherulitic texture as typical for columnar phases was observed. On
further cooling to 31 °C, the texture changed to another spherulitic one. Calorimetric
measurements show three transition processes. at 15 °C (glass transition), at 31 °C and at
59 °C (see Figure 4.2, cooling trace).

Figure4.2 DSC heating and cooling trace of compound 29 and textures of the different
mesophases.

X-ray investigations indicated the presence of both an oblique and a hexagonal columnar
mesophases with the following lattice parameters. Colp: @ = 4.19 nm, b = 3.59 nm,

a=115°Cat 25 °C; Coly: anex = 3.73 nm at 50 °C, respectively. The formation of these two
different columnar mesophases is explained as follows: |: at higher temperature, both the
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alkyl chains and the semifluorinated chains are not segregated. Hence, a hexagonal
columnar mesophase is formed (Figure 4.1-b); 11 : at lower temperature the akyl chains and
the semifluorinated chains may become incompatible, which may lead to a dight deviation
from the hexagonal lattice to an oblique lattice, a possible model for this oblique columnar
phase is shown in Figure 4.3.

region of alkyl chain e
polar region-- >

region of the semifluorinated----
chains

@ (b)

Figure 4.3 Possible model of the obligue columnar mesophases of 29: (a) cross-section of
acylindrical aggregate; (b) arrangement of the aggregates in the Col s-phase.

The proposed structure can be regarded as a lamellar organization of columns, composed of
fluorocarbon layers and hydrocarbon layers, whereby columns of the polar regions are
regularly arranged within the hydrocarbon layer (Figure 4.3). It is however not clear, why
an oblique instead of a rectangular lattice is found.

The liquid crystalline properties of the semifluorinated compounds in dependence on the
numbers of semifluorinated chains is shown in Table 4.3. All semifluorinated compounds
exhibit enantiotropic liquid crystalline phases, and most importantly they exhibit different
mesophases. Compared with the hydrocarbon analogues, all fluorinated compounds exhibit
broad regions of enantiotropic liquid crystalline phases, whereas, the hydrocarbon
analogues are non- mesomorphic or their mesophases are only monotropic (see Table 4.1).
These broad mesophase ranges result from a dramatic stabilization of the liquid crystalline
state and a reduction of the melting points.
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Table4.3 Thermotropic phase transition temperatures and associated enthalpy values
(lower lines, in italics) of compounds 27.

o)
Rs3 o R2
R{ R3 R1
Rz
Comp. Ry R, Rs Phase transitions
DH/KJ mol
27-1F 46 O(CH,)6CsFo H H Cr <20 Cub,,49 1so
0.4
27-1Fg/4 O(CH,)4CsF13 H H Cr59 SmA 88 Iso
10.1 1.0
27-2Fg1a O(CHy)4CsF13 O(CH,)4CsF13 H Cr 88 Col, 131 Iso
8.5 5.6
27-3F 46 O(CH,)eC4Fg O(CH,)sCy4F O(CH,)6C4Fg  Cr <20 Cuby; 73 Is0
0.4
27-3F¢4 O(CH,)4CsF13 O(CH,)4CsF13 O(CH,)4CsF13  Cr 36 Cubj, 101 Iso
8.4 0.4

By using optical microscopy between crossed polarizes, the formation of a birefringent fan-

like texture was observed on cooling compound 27-1Fg4, with four semifluorinated chains
to 88 °C. Shearing gave a typica “oily streaks’ optical texture with homeotropic regions,

which indicates a mesophase with a layer structure (SmA). X-ray scattering confirmed this
phase assignment (one sharp reflex in the small angle region and a diffuse scattering in the

wide angle region) with a layer periodicity of d = 3.2 nm. This periodicity is in agreement

with an arrangement of these molecules in layers consisting of alternating sublayers of the
microsegregated semifluorinated chains and sublayers of the polar benzoate units.

The other four chain compound 27-1F4s with shorter fluorinated segments, has a Cuby-
phase. This was proven by the optical isotropy of this mesophase, its rather high viscosity
and by miscibility studies: in the contact region of compound 27-1F4 and the micellar
cubic mesophase of 27-3F4s a columnar mesophase was induced. The occurrence of a
cubic phase is surprising, because the volume fraction of the lipophilic chains is reduced in
compound 27-1F4e in comparison to compound 27-1Fs4 which has a SmA phase. It seems,

that longer perfluorinated chains can also have a stabilizing effect on lamellar phases due to
their rigidity.5?°
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Compound 27-2Fg4>%® with eight semifluorinated chains has a hexagona columnar
mesophase as previously mentioned (Coly2, anex = 3.4 nm at T = 130 °C). Here, the polar
regions form circular cylinders surrounded by the semifluorinated chains.

No birefringence was found on cooling the compounds 27-3F4s and 27-3Fg4 having twelve
chains. However, a significant increase of the viscosity was observed on cooling form the
isotropic liquid state at 73 °C and 101 °C, respectively. Caorimetric measurements indicate
a phase transition which occurs at 73 °C and 101 °C in the heating scans, but at 47 °C
(27-3F45) and 85 °C (27-3F4) in the cooling scans (10 K min), respectively. Obviously,
the transition to this isotropic phase can be significantly supercooled and this is typical for
three-dimensional ordered mesophases. Preliminary X-ray investigations of the isotropic
mesophase of compound 27-3F4 indicate a diffuse scattering in the wide angle region and
three independent sharp reflexes in the small angle region. Together with the other
observations (optical isotropy, viscosity, supercoolability), the existence of a cubic
mesophase was confirmed. The cubic mesophase occurs in a phase sequence SMA® Coly,
® Cub on increasing the number of semifluorinated chains while keeping the size of the
polar central unit constant. Hence, the polar/apolar interface curvature becomes increasingly
more curved in the order described above and therefore the cubic 3D lattice of compound
27-3F should be built up by discrete spheroidic entities containing the polar parts of the
molecules surrounded by a continuum of the nonpolar chains (inverted micellar cubic
phases, Cub ).

120

], 110

iqp-"" LU = W, .
2 o 0.2 0.4 0.6 0.8
Xo7.3re0 ®

Figure 4.4 Phase diagram of the binary system 27-1F ¢4 + 27-3Fga.

In order to prove this hypothesis, we investigated binary mixtures of different
concentrations of compounds 27-1Fg4 and 27-3Fe4 by optical microscopy. The results are
summarized in the phase diagram, shown in Figure 4.4. The most important observation is
that a broad region (X27-3rys = 0.15-0.85) of a columnar mesophase, built up from cylindrical
aggregates, is induced between the smectic phase of compound 27-1Fg4 (planar aggregates)
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and the cubic phase of 27-3Fg4. As the polar/apolar interface curvature is reduced on
addition of 27-1Fg4, the aggregates forming the cubic phase must be more curved than the
cylindrical aggregates in the induced columnar phase. This shows that the cubic phase must
comprise closed spheroidic aggregates, which additionally confirms the proposed inverted
micellar structure of the cubic mesophase of 27-3Fg/4 (Cub,, phase).

For such thermotropic Cub,, phases, Pm3n lattices have been found amost exclusively.

Indeed, the relative positions of the small angle reflexes in the cubic phase of 27-3Fg4 a
a = 1.57° and 1.73° correspond to the most intensive reflexes found for other inverted
micellar cubic mesophases of the Pm3n type. Assuming such a Pm3n lattice, the reflexes
can be indexed to 200 and 210, and a cubic lattice parameter aqp = 5.6 nm was calculated.

The number of molecules per unit cell was calculated according to n = agw® (Na/M)r (Na =

Avogadro constant, M = molecular mass), assuming a density of r = 1.4 g cm?® to give
about 28 molecules per unit cell. ’*

Though, the precise shape of the micelles in Pm3n phases is still under debate, it is now
accepted that the unit cells contain eight discrete micellar aggregates of two different types
(see Figure 4.4) 24830380 T\q aggregates of one type are located at the corners and in the
center of the unit cell, forming a body centered sublattice, and six aggregates of the other

type are located pairwise at the face bisectors of the cubes. Hence, the 28 molecules should

be shared among eight entities forming the unit cell of the Pm3n lattice, and therefore, the
cubic lattice should be built up by aggregates consisting of three to four molecules. The
aggregates thus represent micelles built up by the selfassembly of molecules deformed, on
average, to a cone like shape.

A closer inspection of the binary phase diagram, indicates in regions with a high

concentration of 27-1Fg4 (X27-3r0. = 0.10-0.15) another optically isotropic region. Below a
temperature of about 50 °C, this isotropic phase is highly viscous and plastic, which again
points to a cubic mesophase. As this phase occurs between a smectic and an inverted

columnar phase it should be an inverted bicontinuous cubic phase consisting of
interpenetrating networks of branched columns formed by the polar molecular parts within
the apolar continuum of the semifluorinated chains (Cuby).

In regions of very low concentration of 27-3Fg4 (X27-3r0s = 0.05-0.10), close to conditions
for the smectic phase, an additional birefringent mesophase (M) is induced. Shearing the

sample of this mesophase shows bright, homogeneous regions by optica microscopy. We
assume, that this phase could probably be another intermediate phase with a two- or three-

dimensional structure.

These results show, that a wide variety of completely different mesophases can be realized
by the self-assembly of pure samples or binary system of molecules in which a star-like
shape is provided by tetrahedral central cores. Because the flexibility of these molecules
allows them to adopt different conformations, the actual average conformation changes
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during the process of self-assembly, whereby, conformers which fit best the geometry
provided by the interfaces are favored. The interface geometry itself can smply be tailored
by changing the space required by the incompatible units. This is the main difference to
classical thermotropic liquid crystals, and to the columnar and cubic mesophases formed by
taper- or cone-shaped amphiphiles and dendrons. For these molecules, the self-assembly is
facilitated by a complimentary shape provided by a special molecular architecture.

The increased mesophase stability of all fluorinated compounds 27-1F, 27-2F and 27-3F in
comparison to the related alkyl compounds 27-1H, 27-2H and 27-3H should again arise
largely from an increased intramolecular polarity contrast on replacing alkyl chains by the
semifluoralkyl chains, which favors micro-segregation. The larger cross-section area of the
fluorinated alkyl chain in comparison to the alkyl chains should be responsible for the
trangition from a columnar to a micellar cubic phase upon replacing the alkyl chains of
27-3H by semifluorinated chains. It should be pointed out that 27-3F and the amphiphilic
diols 7-2F and 7-3F (see chapter 2) belong to the first fluorinated molecules which can form
thermotropic micellar cubic mesophases. Furthermore, the phase sequence SmA « (M) «
Cuby, « Colp, « Cuby2 represents the whole sequence of inverted lyotropic phases of
surfactant solvent systems, which is first realized here in a binary systems of only two
different low molecular weight block molecules in the absence of any solvent. This
observation is of fundamental interest, because it shows that it is indeed possible to design
all types of mesophases (smectic, columnar, bicontinuous cubic, and micellar cubic) without
the classical concepts of rigidity/anisometry and strong amphiphilicity. Additionally, these
novel compounds represent an interesting borderline case between low molecular weight
amphiphiles (surfactants, lipids) and block copolymers.
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5 Calamitic bolaamphiphileswith lateral semifluorinated

chains
5.1 Introduction

Bolaamphiphiles with latera akyl chains 53-H (R = CqHama, N = 0-18)%* can be regarded as
low molecular weight block-molecules consisting of three distinct incompatible portions. a
rigid, rod-like aromatic unit, two hydrophilic termina groups and a lateral akyl chain. Such
molecules give rise to columnar mesophases. Their formation was explained as a consequence
of the segregation of the liphophilic and flexible lateral chains from the rigid aromatic cores
into separate cylindrica domains which lead to the collapse of the smectic monolayer
structure of the parent nonsubstituted bolaamphiphiles.

w = o >

Col.. ISMAE 53-Hs

HO H
7 C°|rc. SmA+ 53-H; _>—\
. —— - SO
10 Col,, | 53-H
o ' CnHan+1

Col, 53-H,,
Col,, G0l 53-Hy, 53-H
S8 53-H..

Coly 53-Hs

Figure5.1 Trangtion temperatures (T / °C) of compounds 53-H in dependence on the
length of the alkyl chains. SMA" = disordered SmA-phase (typical SmA texture,
but in the small angle region of the X-ray pattern a diffuse reflection is found
instead or beside the layer reflection), Col,c = centered rectangular columnar
phase (c2mm); Col,, = non-centered rectangular columnar phase (p29g); Coln
= hexagonal columnar phase (p6mm).

The results obtained with these compounds up to now are summarized in Figure 5.1. Small
lateral alkyl chains lead to a drastic lowering of the melting temperature and destabilize the
monolayer SmA mesophase of the unsubstituted compounds 53-Ho. Elongation of the lateral
chain, firstly induces disordered SmA™ phases characterized by the occurrence of a diffuse
small angle scattering beside or instead of the sharp layer reflection. Homologues with longer
lateral akyl chains (n = 9-14) form columnar phases. Three different 2D-structures. Coly,
Colyp, Col, were found.
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In order to further extend this designing principle, we decided to introduce an additional
incompatible segment into these molecules. As perfluorinated chains are incompatible with
aliphatic chains, aromatic units as well as polar groups, and they can in some cases enhance
lipophilicity and micro-segregation, we have synthesized rigid bolaamphiphiles with
fluorinated lateral chains.

5.2 Synthesis

In this chapter, the synthesis of the bolaamphilic biphenyl derivatives 53-F (see Scheme
5.7a and Scheme 5.7¢), the terpheny! derivatives 58-F (see Scheme 5.7b and Scheme 5.7d)
and the triols 71-F (see Scheme 5.10) is described. Two bolaamphiphilc compounds 53F.15
and 53F.16, which have larger head groups (see Scheme 5.8 and Scheme 5.9) and
compound 58-HgFs with two different lateral chains were also synthesized (see Scheme
5.11). Pd°-catalyzed addition of perfluoralkyliodides to 2-allylphenol or 2-allylanisole,
selective bromination and then Pd°-catalyzed cross-coupling with appropriate benzene
boronic acids were the key steps and gave the fina products 53-F, 58-F and 71-F after
acidolytic deprotection of the diol groups or dihydroxylation of the double bonds or after
cleavage of the benzyl protecting group by palladium catalyzed hydrogenation reaction.

HO OH Ho—>_\ /_(—O
HO O O OH
R{ R> R R'
58-F

H

53-F
OH HO
s Yara N e oS e W N,
R p HO  OH

CeF13 53F.15

HO_>_\ /_(_ 3—\ /—( .
S QT O
/_(_ © H19C4
HO OH CgF13 C6F13

53F.16 58-HoFs

OH Ho
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5.2.1 Synthesisof the 4-bromophenols 32 and the 4-bromoanisoles 33, 37, 41, 43

1. Pd(PPl‘b)4
OH 31
2. LiAIH, Re Comp. Comp.  Comp.
CF 311 321 331
CFo 312 322 332
CeFis 313 323 333
(CR)CF(CFs), 314 324 334
HBr/ AcOH | DMSO CoF1r 315 325 335
CioFo1 31.6 326 336

Br OMe Mel / CH3CN CioF5 31.7 32.7 33.7
2CO3
33 R

Scheme5.1 Synthesis of the 4-bromo-2-(semifluoroalkyl)phenols 32 and the
4-bromo-2-(semifluoroalkyl)anisoles 33.

The synthesis of the calamitic skeleton of all compounds starts with 2-allylphenol or
3-bromoanisole. The 4-bromophenols 32, with a semifluorinated chain in 2-position, were
prepared by palladium-catalyzed addition of 1-iodoperfluoroalkanes to 2-allylphenal,
followed by reduction of the iodide group with LiAlH4, and finally para-selective
bromination of the resulting 2-(semifluoroalkyl)phenols 31 with HBr/AcOH/DMS0.%? The
4-bromophenols 32 were etherified with methyliodide to give the 4-bromoanisoles 33
(scheme5.1).

1. Mg/ Et,0
OCHy —————» OMe
2. AN
Br 3.0 °C, HCI (conc.)
34
/ Rr Comp. Comp.
) C4F 36.1 37.1
1. Pd(PP 2. LIAIH 479
RFI( el 2. LA, CoFis 362 372
CgF7; 363 37.3
NBS /CH,CN
Br OMe ~———r—— Me
R 37 Re 36

Scheme 5.2 Synthesis of 4-bromo-3-(semifluoroalkyl)anisoles 37.

The 4-bromoanisoles 37 which have the semifluorinated chains in the 3-postion, were
prepared in an ana ogous way from 34, which was synthesized by Grignard reaction between
3-methoxyphenylmagnesiumbromide and alylbromide®® In this case para-selective
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bromination of the 3-substituted anisoles 36 was carried out with NBS/CH3CN ®*(Scheme
5.2).
4-Bromo-2-(1H,1H,2H,2H,3H,3H,4H,4H,5H,5H,6H,6H7H,7H,8H,8H,9H,9H,10H,10H,
11H,11H,12H,12H-perfluorooctadecyl) anisole 41 was prepared in a similar way, starting with
C-C coupling between 2-methoxybenzylbromide and 11-undecene-1-yl magnesiumbromide
(Scheme 5.3).

1. Mg / Et,0
2. Q:ocm
Br
By ——— OMe 3g

3.0 °C, HClI (conc.)
9

1. PA(PPhy)s| 2. LiAlH,
CGF13|

NBS / CH,CN
Br Me - OMe
RT

9

41 CeF13 40 CeF 13

Scheme 5.3  Synthesis of 4-bromo-2-(1H,1H,2H,2H,3H,3H,4H,4H,5H,5H,6H,6H,7H,
7H,8H,8H,9H,9H,10H,10H,11H,11H,12H,12H-per fluor ooctadecyl )anisole
41.

NBS / CF5COOH
Me Y ———— > Br Me
Rrl / DMF

RFe Re Comp.  Comp.
C4Fg 42.1 43.1

CeFi7 422 43.2

43

Scheme 5.4 Synthesis of the 4-bromoanisoles 43.

Compounds 43 with perfluorinated chains directly attached to the aromatic core were
prepared by coupling reaction of 2-iodoanisole with the appropriate 1-iodoperfluoroalkane in
the present of active copper powder (produced in situ by reduction of CuSO, with zinc-
dust),®® followed by bromination with NBSin trifluoroacetic acid at 0 °C®® (Scheme 5.4).

5.2.2 Synthesisof the 4-{w-{4-bromo-2-(semifluor oalkyl) phenoxy] alkyl} -2,2-
dimethyl-1,3-dioxolanes 48
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/
B A" n
Br OH > Br
K,COj,, KI, CH,CN

31 R2 n=1 45 R2
0s04, NMMNO|
B acetone /H,O | C

IO OH 20 °C
Br(CH
(CH2)g O)(

44 BT(CHZ)Q 46

OH OH
K2COs KI, CHCN | | K,cO3, KI, CH,CN Wn_(_
> B o "oH -

47

RZ
PPTS CHg
' W—(O>< 20 °C ><8CH3
Br—< \>—() n-o

RZ
48
n R Comp. Comp. Comp.
1  (CHy)3GCsFi3 451 47.1 48.1
1 (CHy)3CsF1y 452 47.2 48.2
1  (CHy)sCioF2 45.3 47.3 48.3
1 (CHy)sCioF2s 45.8 47.8 48.8
4 (CH,)3CsF13 484
9  (CHy)3CsF13 47.4 48.5
4 (CHy)3CsF1y 48.6
9  (CHy)3CsFiy 475 48.7

Scheme 5.5 Synthesis of 4-{w[4-bromo-2-(semifluoroal kyl)phenoxy]alkyl }-2,2-dimethyl-
1,3-dioxolanes 48.

The 4-{w-[4-bromo-2-(semifluoroakyl) phenoxy]alkyl}-2,2-dimethyl-1,3-dioxolanes 48 were
produced by three different ways as shown in Scheme 5.5. Etherification of the phenol 31
with 4-(4-bromobutyl)-2,2-dimethyl-1,3-dioxolane 44° afforded compounds 48.4 and 48.6
(A). Etherification of the phenolic hydroxyl group of 31 with 11-bromoundecane-1,2-diol
46,%® afforded firstly the 11-(4-bromophenoxy)undecane-1,2-diols 47.4 and 47.5. Protection
of the diol structure of compounds 47 using 2,2-dimethoxypropane and catalytic amounts of
pyridinium tosylate produced the acetonides 48.5 and 48.7 (B).%° For the preparation of 48.1,
48.2, 48.3 and 48.8, we used the etherification of the phenolic hydroxyl function of
compounds 31 firstly with appropriate w-bromoakenes, followed by dihydroxylation of the
double bond employing VAN RHEENEN method with catalytic amounts of osmiumtetroxide
and NMMNO (N-methylmorpholine-N-oxide) as reoxydant in acetone / water,”® and finaly
protection of the diol group (C).
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5.2.3 Synthesisof boronic acids49 and 73

1.BuLi
: E -78°C : E
Br OR 1 (HO)ZB R1
2.B(OMe);
R2 3.HCI/ H,0 R,
17,33,11 20°C 49a, 73

Ry Ry Comp.  Comp.
CHs OCHs; 17 49a.1
CHs (CH2)3C4F9 33.2 49a.4
CHs (CH2)3C6F13 33.3 49a.5
CHs (CH»)3(CR).CF(CFs), 334  49a6
CHs CoHyg 33.7 73

Scheme 5.6a Synthesis of the boronic acids 49a and 73.

The boronic acids 49 were synthesized from the corresponding aromatic bromo derivatives
by the standard method of halogen-metal-exchange with n-BuLi,”* followed by reaction
with trimethylborate and acidic hydrolysis.

In the case of the bromobenzene derivatives 14 and 48, the halogen-metal-exchange
reaction was carried out at —100 °C, in order to avoid the occurrence of lithiation in ortho-
position to the acetonide group. To avoid the cleavage of the acetonide protecting group
during the acid hydrolysis, phosphate buffer (pH = 4.5-5) was used instead of 10 % HCI.

>< 1.BulLi

O 074

0 o}
-100°C

Br O Ort)y ————— > (HO),B [e)
2.B(OMe); n
m m
R R
49b

3.Phosphate buffer
14, 48 0°C

R Comp. Comp.
H 48.9 49h.1
H 14 49h.2
H 48.10 493
CeHiz 48.11 494

R o o|3
P AP RS

Scheme 5.6b Synthesis of the boronic acids 49b.

524 Synthesis of bolaamphiphilic tetraols 53-F, 54 and 58-F with biphenyl and
p-terphenyl rigid cores
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CHgoQB(OH)z + Br4<i>—ocna3 33,37, 41, 43

R
492 - Pd(PPhy, Re
NaHCO; | H,cOo~,
H,0 3 OCHs
o rom
R{ Ry
BBr,
CH.Cl,
HO@—QOH 51
R{ Rz
B\ | KCO3
CH;CN
\ J
WWO 2
R{ R,
0sOy4
NMMNO
acetone/H,0
R{ Ra 53-F, 54
Ry Ry Comp. Comp. Comp. Comp. Comp.
H 3-CyFo 431 50.1 511 53-F40
H 3-(CH,)3CsF 331 502 512 53-F3
H 3-(CHy)3C4Fg 33.2 50.3 513 53-F,4
H 2-(CH,)3C4F 371 50.8 518 53¢F,
H 3-CgF17 43.2 504 514 53-Fgjo
H 2-(CH)3CsF13 37.2 50.9 519 53¢F
H 3-(CH,)3(CF,)4CF(CF3), 334 505 515 53-F
H 2-(CH,)3CgF17 37.3 50.10 51.10 53¢ Fg
H 3-(CH2)3C_10F21 33.6 50.6 51.6 53-]:10
H 3-(CH2)12CeF13 41 50.7 51.7 53-Fg/12
3-(CH,)3CsF13 3¢:(CH,)3CsF13 49a5 333 50.11 51.11 54-Fg 6
3-Ci2Hzs 3¢:(CH2)12CsF13 49a.5 50.12 51.12  54.H,,Fg

3-(CH2)3(CF2)4CF(CF3)2 3-(CH2)3(CF2)4CF(CF3)2 49a.6 334 50.13 51.13 B4- F7 7

Schema 5.7a Synthesis of biphenyl derivatives 53-F (Path A).
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CH304©78r + (HO)ZBOB(OH)Z

33,37 R
Pd(PPh,),
NaHC O,

H,0

R R
BBr,
CH,CI,

R R

HCO o,

K,COs

BI’\/\
| CH;CN

0sO,

acetone/H,0
NMMNO

HO_>—\ /—(_OH
IO

R R
58-F
R Comp. Comp. Comp. Comp. Comp.
3-(CH,)3C4F 333 55.1 56.1 57.1 58-F4 4
2-(CH,)3CsF13 37.2 55.2 56.2 57.2 58¢Fs6

Schemeb5.7b Synthesis of terphenyl derivatives 58-F (Path A).

Severa different synthetic pathways were used to synthesize the bolaamphiphilic biphenyl
derivatives 53-F and 54 and the terphenyl derivatives 58-F. In path A (Scheme 5.7a and
Scheme 5.7b), the coupling reaction’? between the 4-bromoanisoles 33, 37, 41 and 43 and
the 4-methoxybezeneboronic acid 49a or the commercially available benzene diboronic acid
54 leads to the 4,4¢dimethoxybiphenylderivatives 50 and the 4,44 dimethoxy-p-
terphenylderivatives 55, respectively. After deprotection of the methylethers with boron
tribromide,”® the resulting divalent phenols 51 or 56 were etherified with allylbromide
followed by dihydroxylation of the allylic double bonds to give the biphenyl derivatives
53-F and 54 and the terpheny! derivatives 58-F.
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49 R R, 48

PA(PPhg),| Hz0
NaHCOs | HsCO~pcpy,

>©—S>OOF@< 5

R1 Rz

10 % HCI | EtOH

Ho—H H—OH
n 27}
HO oo OH  53.F, 54

Ry Ry ng ny Comp. Comp. Comp.  Comp.

H 3-(CHp)sCeF17 1 1 482 49p.1 501  53-Fg

H 3-(CHp)sCoF13 1 4 484 49.1 502 53%-F
H 3-(CHz)3CsF13 1 9 485 49.1 59.3 53,
H 3-(CHp)3CeF13 4 4 484 49b.3 59.4 53%.F,
H 3-(CHp)3CsF17 4 1 485 49b.3 59.5 53*LF,
H 3-(CHz)sCeFy17 1 4 486 49.1 50.6  53F““-Fy
H 3-(CHp)3CgF17 1 9 487 49p.1 59.7 53R,
3-CHs 3¢(CH,)3CoF13 1 1 481 59.8 54-H, Fg
3-CoHizs  36(CH,)3CsF1s 1 1 481 49b.4 59.9 54-HgFg

Schema 5.7c Synthesis of the bolaamphiphilic biphenyl derivatives 53-F and 54 (Path B).

><o B 4 (HOP B—Q—B(OH)z

48.1

PA(PPHe)s| MO~y
NaHCOs

Yo X
ﬂ O~ %
F13Ce \ ]gg: cl 6F13

DS ~

HO

F13Cs

O OH
58-F5,6

F13Ce CeF13

Schema 5.7d Synthesis of the bolaamphiphilic tertraol 58-F g (Path B)..
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Schema 5.7e Synthesis of the bolaamphiphilic tertraol 58-Fggand . 58-F 10,10,

satads
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K,CO,
\/\BrlCHSCN !
\\_\ /—(O
© s N 5
0s0, R
NMMNO | acetone/H,0
- N
OH 53-F

I
O
o
O

R = (CH;)3C6F13

Scheme 5.7f Synthesis of the bolaamphiphilic tetraols 53-F ¢ (Path C).

In the second synthetic path B (Scheme 5.7c, 5.7d) the coupling reaction was carried out
between the 4-{w-[4-bromo-2-(semifluoroakyl) phenoxy]alkyl}-2,2-dimethyl-1,3-dioxolanes
48 and the boronic acids 49b, or the benzene diboronic acid 54. The resulting bisacetonides
59 and 60 were deprotected®® to afford the tetraols 53-F, 54 or 58-Fg6. In the case of
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compounds 58-Fgg and 58-Fip10, the coupling reaction was catadyzed by 2-(di-tert-
butyl phosphino)biphenyl, Pd(OAc),, KF in THF'* instead with Pd(PPts)4 in agueous glyme
and NaHCOsg, because of the poor solubility of compounds 48.2 and 48.3 in this solvent
system (Scheme 5.7¢).

Compound 53-Fg was synthesized by etherification of the phenolic OH-group of compound
71-F (see section 5.2.6) with allylbromide, followed by dihydroxylation of the alylic double
bond (Path C, see Scheme 5.7f).

525 Synthesis of bolaamphiphileswith larger head groups (53F.15 and 53F.16)

TosO\_/O
D e

Br H Br o o
K,CO5, CHLCN — >

323 “—C¢Fys CeFiz 62

oY | PdPPhy),

O
tos—_ )0 HCO~oco,
o NaHCO5

)(j—\ 49b.1
TGy 5
)~
63

CeFi13

0s0y4 acetone / H,0

NMMNO RT

O
Ao
\__/ 64
HO OH

CeF13

10 % HCI | EtOH

ooy
OH

HO

HO

53F.15
6F13
Scheme 5.8 Synthesis of the bolaamphiphile 53F.15.

6-[4¢(2,3-Dihydroxypropyloxy)-3-(1H,1H,2H,2H,3H,3H-perfluorononyl) bi phenyl-4-yloxy] -
4-oxahexane-1,2-diol 53F.15 was synthesized according to Scheme 5.8. At first the
A-bromophenoal derivative 32.3 was etherified with 1-toluenesulfonyloxy-3-oxa-5-hexene 617
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in the presence of K,COs. The coupling reaction between the resulting allylether 62 and the
boronic acid 49b.1 afforded 63, dihydroxylation of the allylic double bond of 63 resulted 64,
which was deprotected to 53F.15.

1) BuLi
H,CO
: 2) BOMe)s H3CO HiCO~ i,
-78 °C
—_—
HsCO Br 3) HCl /1,0 H3CO B(OH),
20°C cHs Pd(PPhy)
17 4
4%a.l NaHCO3
ss | HO
BBr3
66 HO OH <—— HCO OCH;
CH.Cly
cho3 C6F13
CH3CN
::CGFB
OsO, acetone / HO
NMMNO
HO H

HO OH CeF13
53F.16

Scheme 5.9 Synthesis of the bolaamphiphile 53F.16.

3-[3¢4¢Bis(2,3-dihydroxypropyloxy)-3-(1H,1H,2H,2H,3H,3H-perfluorononyl) bi phenyl -4-

yloxy]propane-1,2-diol 53F.16 was synthesized according to Scheme 5.9. At first the boronic
acid 49a.1 was synthesized from commercially available 4-bromoveratrol (see Scheme 5.64).
Coupling reaction between 49a.1 and the 4-bromoanisole 33.3 yielded the trimethylether 65.
The ether groups of 65 were cleaved by borontribromide. Etherification of the resulting
trivalent phenol 66 with alylbromide, followed by dihydroxylation yielded the product

53F.16.

46



5.2.6 Synthesisof bolaamphiphilictriol derivatives 71

: o—<;>73(0|4)2 + B,_Q_O/_@(
68 48

Pd(PPhg)a| H20 R
NaHCO3 HsC~

10% HCI| EtOH

OH

Oy 8
\ 70
O

R
H, lEtOAC
Pd/C| RT OH
/—( 71
R
R Comp. Comp. Comp. Comp.
CiaH2g 69H.3 70H.3 71-Hyq
(CH)3CsF13 48.1 69F.1 70F.1 71-Fg
(CHy)3CsF17 48.2 69F.2 70F.2 71-Fg
(CH2)3CioF21 483 69F.3 70F.3 71-Fio
(CHp)3CioFps  48.8 69F.4 70F.4 71-F1,

Scheme 5.10 Synthesis of bolaamphiphilic triols 71.

Under the same coupling conditions as described above, 4-benzyl benzeneboronic acid
68"® was coupled with the 4-(4-bromophenyloxy)methyl-2,2-dimethyl-1,3-dioxolanes 48 to
afford the 4-(4¢benzyloxybiphenyl-4-yloxymethyl)-2,2-dimethyl-1,3-dioxolanes 69, the
acetonide protecting group of 69 was removed by acidic hydrolysis in ethanol using 10 %
HCI. Findly the benzyl protecting group was cleaved by palladium catalyzed hydrogenation
reaction in ethyl acetate to produce the triols 71.
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5.2.7 Synthesis of thebolaamphiphilic terphenyl derivative 58-HgFg with two different
lateral chains

A bolaamphiphilic terphenyl derivative with two different lateral chains, one fluorinated,
the other one an akyl chain, was synthesized according to Scheme 5.11. The synthesis
started with the cross coupling reaction between 1-bromo-4-iodobenzene 74 and the boronic
acid 73 (see Scheme 5.6a) at 40 °C. Because the reactivity of the aryl iodide is much higher
than that of the aryl bromide, the coupling reaction occurred firstly with the iodide group to
afford compound 75. An additional coupling reaction between 75 and boronic acid 49a.5
afforded the terphenyl derivative 76. After ether cleavage (BBrs),”® etherification with
alylbromide and dihydroxylation, the tetraol 58-HgFs was obtained.

Pd(PPhy),
NaHCO3
Meo~§j>—s(or|)2 + IOBr — MeOBr 75
2
HioCs 73 74 gl())/r:lgr H19Cs
Pd(PPhy),4
(HO)LB M | NaHCO3
49a.5 H20
s glymer
reflux
BBr3
HO O Q Q OH =—— MeO OMe
CH,Cl,
Hi1oCd HoC4
7 76
C6F13 C6F13
Br\/\
CH4CN
K,CO4

- ~
S esasacal

H 19C9

6F13

0OsOq4 Aceton/H,O
NMMNO | RT

Scheme5.11 Synthesis of the bolaamphiphilic tetralol 58-HgFg with two different lateral
chains.
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5.3 Liquid crystalline behavior

5.3.1 Bolaamphilic tetraols with a biphenyl core substituted by one lateral fluorinated
chain

Table5.1 Transtion temperatures, associated enthalpy values (lower lines, in italics) and
the volume fraction of the lateral chain (fr) of the bolaamphiphiles 53-F with one
semifluorinated lateral chain.

HO_>—\ /—(_OH
RS aTat

R
Comp. R Phase Transitions (T/ °C) fr
[DH/KJ mol ™
53-F3 (CHz)3CsF Cr 97 Col, 1191so 0.38
26.3 10.9
53-F,4 (CH,)3C4Fo Cr47 Col, 1351s0 0.42
8.8 9.2
53-F¢ (CH2)3CsF13 Cr 47 Col, 1711so 0.49
10.4 14.4
53-F7 (CH,)3(CF,)sCF(CF3),  Cr45Col, 179 Iso 0.52
10.5 13.9
53-Fg (CH2)3CsF17 Cr 70 Col, 188 1s0 054
6.7 15.7
53-Fio (CH2)3Cr0F21 Cr 57 Colpm 180 1s0 058
13.4 9.6
53-Fg12  (CH2)12CsF13 Cr <20 Col 150 Iso
5.2

The transition temperatures of compounds 53-F are summarized in Table 5.1. In Figure 5.2,
the dependence of the mesomorphic properties of the homologous series of compounds 53-F
on the length of the lateral semifluorinated-chain is shown graphically.

All compounds with semifluorinated chains have columnar mesophases. These columnar
mesophases are stabilized by elongation of these lateral chains. In comparison to the
corresponding hydrocarbon analogues 53-H (see Figure 5.1) with the same chain length, most
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fluorinated compounds 53-F have reduced melting points and all have significantly enhanced
mesophase stabilities.

o]
0 50 100 150 T/ C
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

HO OH
o s O O ~

HO O O OH
+ I Colry 53-F,

[N Coln 53-Fs CoF
* C7F15=(CF,)4CF(CF3), n-2n+1
7 Coly 53-F*
s NG Coly 53-F,
Cr
1o [ Colmp 53-F,,

Figure5.2 Dependence of the transition temperatures of compounds 53-F on the length of
the semifluorinated chains. Colimyp = non-centered rectangular columar phase
with p2mg structure, for the other abbreviations see Figure 5.1.

Interestingly, also compound 53-F7, which has a branched semifluorinated chain, exhibits a
broad region of a columnar phase. The clearing temperature of this molecule with seven
fluorinated C-atom is exactly intermediate between those of compounds 53-Fs and 53-Fg with
sx and eight C-atom in the non-branched latera chains. This means, that branching has no
influence on the stability of these mesophases.

The columnar phases of the bolaamphiphiles exhibit four different types of textures. A
mosaic-like texture was detected for compound 53-F3 with a relatively short lateral chain
(Figure 5.339). This texture is identical with those of the bolaamphiphiles 53-Hg, 53-H7 and
53-Hg with lateral akyl chains. For these compounds, a rectangular columnar mesophase with
a czmmtlattice has been found by X-ray diffraction. Also the powder X-ray diffraction pattern
of the mesophase of 53-F;3 (Figure 5.3b) is nearly identical with those obtained for the related
bolaamphiphiles 53-Hg, 53-H7 and 53-Hg with hydrocarbon chains with respect to the relative
positions and the intensities of the reflections. Therefore it can also be indexed on the basis of
a centered rectangular columnar structure: c2mm with the lattice parameter a = 3.3 nm and
b = 3.4 nm. The length of the molecule (L) in its most extended conformation from head
group to head group is 2.1 nm. Hence, the values of the lattice parameters are between one
and two molecular length (L < a, b < 2L). The number of molecules located in the
hypothetical unit cell with a height of 0.45 nm (corresponding to the average distance
between the aromatic cores) have been calculated by two different methods (see table 5.2),””
yielding values of about eight molecules (Figure 5.3c). Therefore the moded shown in Figure
5.3d, which was firstly proposed for the c2mm-phases of the akylsubstituted bolaamphiphiles
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53-Hg - 53-Hg® can be used to explain the structure of the Col, phase of 53-Fs. The
semifluorinated latera chains segregate with formation of columns. Each column is
surrounded by the rigid aromatic units, which are connected end-by-end and side-by-side by
hydrogen bonding networks between the termina diol groups. In this way, each column is
enclosed by four bolaamphiphilic cores, and in average two biphenyl cores are arranged side
by side within each of the cylinder walls separating the columns. The H-bonding networks at
the ends of the biphenyl units are organized in separate ribbons where about eight diol groups
are arranged in their cross-section. It seems, that this specia organization allows an efficient

space filling for molecules with a medium length of the lateral chain [CsHi3 to GH1i9 and
(CH,)3C3F7]. However, there is an upper limit of the space available within these cylinders,
enclosed between the four bolaamphiphilic cores. If the lateral chains are further elongated,
the supramolecular organization is expected to change.

The columnar mesophase of compound 53-F4, which differs from 53-F3 by one additional
CF2-group in the latera chain, grows dendritically from the isotropic state and coalesces to a
texture consisting of mosaic-like and spherulitic regions. Powder X-ray investigations
confirms a noncentred rectangular columnar mesophase with a p2gg two dimensional lattice.
The lattice parameter a = 5.9 nm and b = 5.4 nm are much larger than two molecular length
(@, b>2), it can be calculated that about 20 molecules are arranged in average side by side
in the cross section of each unit cell (see Table 5.2). These results are similar to those
obtained with the bolaamphiphiles 53-H19, 53-Hi; and 53-Hi, with latera akyl chains of
medium length. Therefore, the model shown in Figure 5.4c, which was proposed for the
p2gg-phases of these hydrocarbon analogues” can also be used to explain the structure of the
Col; phase of 53-F4. In this model the molecules are organized in bilayer ribbons with about
ten molecules in the cross-section, i.e. about five molecules are arranged in their latera
diameter. As a result, the lipophilc regions are significantly enlarged and simultaneoudy the
diameter of the cylinders containing the H-bonding networks can remain rather large.
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Figure5.3 (a) Mosaic texture of the rectangular columnar phase of 53-F3 at 117 °C;
(b) scheme of the powder X-ray diffraction pattern of the mesophase of 53-F3,
lattice parameter of the centered rectangular columnar phase (c2mm), a = 3.3
nm, b = 3.4 nm; (c) CPK models showing an arrangement of eight molecules
arranged in such a manner that the semifluorinated chains form a separated
region surrounded by bolaamphiphilic cores;, (d) model suggested for the
organization of the molecules in the columnar phase of 53-F3.
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Figure54 (a) Texture of the columnar mesophase of compound 53-F, at 134 °C;
(b) scheme of the powder X-ray diffraction pattern of the mesophase of 53-F, at
134 °C, lattice parameter of the non-centered rectangular columnar phase
(p299): a= 5.9nm, b= 5.4 nm; (c) model of the Col; mesophase of 53-F 4.

The textures of the columnar mesophases of compounds 53-Fg, 53-F7 and 53-Fg which have
fluorinated segments incorporating 6 to 8 CF,-group (see Figure 5.5) are quite different from
those of the mesophases of compounds 53-F3 and 53-F4 with short fluorinated chains, but
similar to one another. They al show large homeotropic regions with birefringent domains, as
typical for hexagona columnar phases. The observation of large homeotropicaly alinged
regions indicates that these phases are optically uniaxia phases. Optically uniaxia phases are
hexagonal columnar mesophases, tetragona columnar phases and smectic A phases. Detailed
X-ray investigations were carried out with well developed monodomains of the oriented
sample of compound 53-F7 [R = (CHy)3(CF,)4CF(CFs),]. The diffraction pattern of compound
53-F7 is shown in Figure 5.5. It displays a diffuse scattering in the wide angle region which
indicates a liquid like disorder within this phase. In the small angle region a lot of spot-like
reflections can be found. They can be indexed on the basis of a centred rectangular or
hexagona 2D lattice, because its texture shows large homeotropic areas, which means that the
mesophase has an opticaly uniaxia structure, the centered rectangular structure, being
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biaxial, can therefore be excluded. The mesophase of compound 53-F; should therefore be a
hexagonal columnar one. The lattice parameter can be calculated to apex = 3.5 Nm (1L < a <
2L). Also X-ray investigations for the mesophases of compounds 53-Fg and 53-Fg show the
typical diffraction pattern of hexagona columnar phases. The lattice parameter amount t0 apex
= 3.47 nm for compound 53-Fg and anex = 3.6 nm for compound 53-Fg. The lattice parameter
for these Col, phases are dightly increased with elongation of the lateral semifluorinated
chains. Inal Col-phases about six molecules are arranged in average in the cross section of
each cylinder (see Table 5.2). Two possible molecular arrangements are supposed for these
Coly, phases (see Figure 5.5¢-1, 5.5¢-2).

HO_>—\ ~ .
HO oo OH

(CH)3(CF2)4CF(CFa3)2

(b) (c-1) (c-2)

Figure55 (a) Texture of the columnar phase of compound 53-F; at 178 °C; (b)
diffraction pattern of the mesophase of 53-F 7 (oriented sample at 160 °C); (c¢)
models of the Coly, phase of 53-F7: (c-1) radial moddl; (c-2) cylinder model.

I: In the radia mode (see Figure 5.5¢-1), only two semifluorinated chains are located side by
sde in the cross-section of the éliptical lipophilic cylinders. The cylinder walls have a



thickness of only one aromatic core. One half of the number of diol group is arranged in polar
columnar with six diol groups in the cross-section, whereas the other halve is organized in
polar cylinders which have only three diol groups in their diameter.

I1: The cylinder model is shown in Figure 5.5¢-2. In this model, the rigid aromatic units build
up hexagonal cylinder shells around the circular lipophilic columns of the semifluorinated
chains. This moddl shows quite a good space filling within the cylinders. The lipophilic
chains segregated into regions with significantly larger and more circular-section areas, so
that their interfaces to the aromatic regions are reduced. In this model each of the columns of
the hydrogen bonding networks has six diol groups in the cross-section. Therefore the
cylinder model seems more reasonable, but on the basis of our present experimental results,
we cannot distinguish these two possible arrangements.

The mesophase of compoud 53-F1¢ (see Figure 5.7), which has the longest semifluorinated
lateral chain, exhibits a lancet-like texture with small spherulitic domains, but without any
homeotropic regions. This texture is quite different from al those of the above discussed
columnar phases, however it has remarkably similarities to the texture found for the
mesophases of some Pd(11)-carbene complexes (X) (Figure 5.6).”8 It is however not yet clear
if the mesophases of these carbene complexes are rea liquid crystalline phases or soft
crystals. Nevertheless, in the crystaline state, these molecules are organized in a layer
structure in which the rigid cores are separated by the perpendicular alkyl chains, arranged in
separated layers (see Figure 5.6). Such an arrangement could also be discussed as a possible
structure of the mesophase of 53-F19

f -
Ry N X R Ry
JORQ7+—QI0L,,
R R
R R X
CHy H O

Figure5.6 Sructureand crystal packing of X.
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Figure5.7 (@) Texture of the columnar mesophase of 53-F 1 at 180 °C i.e. at the transition
fromtheisotropic liquid state to the Col, phase (the black regions are residues
of the isotropic phase; (b) X-ray pattern of the rectangular columnar
mesophase (p2mg) of 53-F 1o with a lattice parameter: a= 3.6 nm, b = 9.7 nm
at 150 °C; (c) sketch of the X-ray differaction pattern; (d) scheme of 2D p2mg
lattice; (e)wavy deformed layers forming the Col np mesophase of 53-F 1.
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2D X-ray investigations with aligned samples of compound 53-F1¢ (see Figure 5.7b) showed
a diffuse scattering in the wide angle region indicating the liquid like disorder within this
phase, confirming the presence of a true liquid crystalline phase. The reflexes in the small
angle region can be indexed on the basis of a hon-centered rectangular phase with the lattice
parameter a = 3.6 nm and b = 9.7 nm. In contrast to the Col,-phases of 53-F3 (c2mm) and 53-
Fa4 (p2gg) the lattice parameter a and b are quite different from each other. The parameter a is
between one and two molecular lengths, whereas b is very large, between four and five
molecular lengths. About 17 molecules are arranged in average side by side in the cross
section of each unit cell (see Table 5.2). The volume of the lipophilic lateral chains amounts
about of 58 % of the total volume. The X-ray diffraction pattern can be assigned to a p2mg
two dimentional lattice. (There is no odd numbered no reflex, but the 03 reflex is present, see
Figure 5.7¢). Such a p2mg lattice can be realized if the calamitic cores of the molecule 53-F19
are arranged as shown in Figure 5.7d. However, in order to redize a lattice parameter
b = 9.7 nm, more molecules must be arranged aong the b-axis. In the model shown in
Figure 5.7e, the rigid cores form wavy deformed layers, held together by the end-to-end
hydrogen bonding between the molecules. The semifluorinated chains are segregated from the
rigid cores into separate layers. The 2D-lattice results from the positional correlation between
adjacent layers. The number of 17 molecules in the cross-section of the unit cell can be
redlized if ca 3 biphenyl cores are arranged in the cross section of the polar (aromatic +
hydrogen bonding) wavy layers.

Compound 53-Fg12, in which the perfluorinated segment is decouped from the aromatic core
by a dodecylene spacer has a typica columnar texture, which is different from the other
compounds 53-F. However, its precise structure needs further investigation.

In summary, by attachment of a lateral semifluorinated chain to a bolaamphiphilic rigid core
and by its successive elongation, a sequence of different columnar mesophases was observed:
Cal; (c2mm), Cal; (p2gg), Coly, (p6mm) and Col, (p2mg). The first three columnar phases
represent cylinder structures. Their formation is explained as a consequence of the
segregation of the lipophilic lateral chains with formation of infinite columns. The rigid
aromatic units built up cylinder shells around these columns, held together by the hydrogen
bonding networks between the diol groups, which act as glue. The relative volume required
by the semifluorinated lipophilic chains with respect to the length of the rigid segments
determines the precise shape of the cylinders and hence determines the type of the columnar
mesophases. The sequence of their occurrence in dependence on the chain length is the same
as found for the hydrocarbon analogues 53-Hs — 53-H1,, however the chain length necessary
for the occurrence of each columnar phase type is reduced. This should be mainly due to the
lager volume of the semifluorinated chains in comparison to the akyl chains. Indeed, the
volume fraction of the latera chains, required for the formation of different types of columnar
phases is identical for the bolaamphiphiles with fluorinated and nonfluorinated (Table 5.2)
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lateral chains. Col, (c2mm) - fr = 0.32-0.41; Col, (p2g9) - fr = 0.42-0.46; Coal,, (p6mm) -
fr=0.52-0.58. The Col, (p2mg) mesophase of the homologue with the longest semifluorinated
chain (fr > 0.58) is distinct from the columnar phases of the shorter homologues. Here, the
lipophilic parts are too large to alow their organization in distinct columns. Instead the
lipophilic regions are fused to form infinite layers, separating the wavy deformed layers of the
bolaamphiphilic cores. Again, the bolaamphiphilic cores are held together by the hydrogen
bonding networks between the diol groups.

It should be pointed out that these modulated smectic phases (Sm~) are quite distinct from the
modulated” and non-modulated smectic phases of the classic rod-like mesogens, as the rigid
aromatic cores are arranged parallel to the (wavy deformed) layers instead of perpendicular

( SmA, SmA-) or tilted (SMC, SMC~) .

58



Table5.2 Molecular lengths (L, distances between the head groups in the most extended
conformation, CPK-models), phase types, lattice parameter (a, b), calculated

volumes of the unit cells assuming a height of 0.45 nm (Ve), molecular

volumina (Vmo), calculated using volume increments,”” molecular masses (M)

and the number of the molecules in each 0.45 nm thick sections of the unit cells

of the columnar mesophases [n; was cal culated from the molar volumina; n, was

caculated according to formula i = Ve (Na/M)r, whereby r (g cm™) is the

density,2® Na = Avogadro constant; ny, isthe average value of ny and np]; andfx -
volume fractions of the lipophilic lateral chains) of the investigated
bolaamphiphiles.

Comp. L Phase a b Vel Vol M r ny ny Nay fr
(m type (m) (nm) (nf)  (nf)  (@mol) (g enid)

53-Hg 2.1 Col; 343 322 497 0.497 419 1 104 7.1 8.8 0.32
c2mm

53-Hg 2.1 Col; 321 343 495 0.553 461 1 8 6.5 1.7 0.42
c2mm

53-Hypy 21 Col; 55 6.2 1535 0.578 326 1 26.5 28.3 27.4 0.44
P2gg

53-Hy;; 21 Col; 54 58 14.09 0.603 489 1 234 17.3 204 0.46
P2gg

53-Hy;, 21 Col; 533 6.17 14.80 0.628 503 1 236 17.7 20.7 0.48
P2gg

53-Hy;, 21 Cal, 3.36 4.40 0.628 503 1 7.00 5.3 6.2 0.48

53-Hiy 21 Cal, 3.59 5.02 0.677 531 1 7.4 5.7 6.6 0.52

53-Hig 21 Cal, 3.66 5.22 0.777 587 1 6.7 5.4 6.1 0.58

71-H,;, 1.7 Cal, 294 3.37 0.513 415 1 6.6 4.9 5.8 054

53-F3 2.1 Col, 33 34 505 0.520 554 1.16 9.71 6.36 8.03 0.38
c2mm

53-F4 2.1 Col, 59 54 1434 0.557 594 1.19 25.8 174 21.6 0.42
p299

53¢F, 21 Col; 21 21 198 0.557 594 1.19 3.6 2.4 3.0 0.42

53-Fg 2.1 Cal, 347 4.69 0.630 694 125 7.44 5.06 6.25 0.48

53¢F; 2.1 Cal, 3.48 472 0.630 694 125 7.49 5.09 6.29 0.48

53-F; 2.1 Cal, 35 477 0.667 744 135 7.16 5.20 6.18 0.52

53-Fg 21 Cal, 3.6 5.05 0.703 794 1.30 7.18 4,96 6.07 0.54

53¢F; 2.1 Cal, 347 4,69 0.703 794 1.30 6.64 4.59 5.61 054

53-Fp 21 Col, 364 973 1594 0.776 894 133 205 14.3 174 0.58

53-F40 2.1 0.482 552 123 0.33

B53-Fgo 21 Col, 0.629 752 133 0.49
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5.3.2 Bolaamphiphileswith completely fluorinated lateral chains

Table5.3 Transtion temperatures, associated enthalpy values (lower lines, in italics) and
volume fractions of the lipophilic lateral chains of compounds 53-F 40 and
53-F g0.

T ~

R

Comp. R Phasetransitions (T/ °C) fr
[H/KJ mol ™

53-F410 CsFg Cr 113 (SmA 81) Iso 0.33
34.6

53-Fg/0 CsF17 Cr 97 Col,, 153 Iso 0.49
132 7.7

All compounds reported up to now had semifluorinated lateral chains, i.e. the perfluorinated
segment is decoupled from the aromatic core by a propylene spacer. The two compounds
53-F40 and 53-Fgp, in which the perfluorinated chains are directly connected with the
aromatic units are shown in Table 5.3. Compound 53-F40 with a short lateral perfluorinated
chain (C4Fg), exhibits a monotropic smectic A mesophase. Compound 53-Fgo with a
perfluorooctyl chain exhibits a columnar phase, its stability is between those of the
semifluorinated compounds 53-F4 (lateral chain with seven-C atoms) and 53-F¢ (latera chain
with nine-C atoms). So it seems that the semifluorinated chains and the perfluorinated chain
have the same influence on the stability of the mesophase. Also the melting point of
compound 53-F4p and 53-Fg)p are surprising low, if one takes into account that in calamitic
mesogens with terminal attached perfluoroalkyl chains, without alkylene spacer, the melting
points are extremely high, so that sometimes no liquid crystalline phase can be found.®* The
texture of compound 53-Fgo is identical with those of the hexagonal columnar phases of
compounds 53-Fg, 53-F7 and 53-Fs. Miscibility studies indicate a complete and uninterrupt
miscibility for the mesophases of these compounds. Therefore the columnar phase of
compound 53-Fgo should aso be a hexagonal one. This is in full accordance with the
prediction based on the volume fraction of the GgF7 chains. Hence, it seems that there is no
special effect of the hydrocarbon/fluorocarbon incompatibility on the mesomorphic properties
of the bolaamphiphiles with semifluorinated lateral chains. Probably, the hydrocarbon
segment is too short to induce an additional segregatior?® or this segregation has no
significant influence on the mesophase properties.
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5.3.3 Influence of the position of the lateral semifluorinated chains

Table5.4 The influence of the position of the lateral chain on the mesophase type, the
transition temperatures and the lattice parameter of the columnar phases.

HO—>_\
2 3

Comp. R Phase transitions (T /°C) L attice parameter (nm)
CH/KJ mol ™
53-Hy; 3-Cy1Hos Cr84 Colp1161s0 a=54,b=58a=b=90
53¢H;; 2-Cy1Hz3 Cr 64 Colyp 76 Iso a=54,b=54,a=b=90
53-F4 3-(CH,)3CaFo Cr47 Coly, 135150 a=59,b=54 a=b=90
8.8 9.2
53¢F, 2-(CH,)3C4F Cr96 Col 99 Iso a=b=21
8.1 71
53-F¢ 3-(CHy)3CsF13 Cr47.1 Col, 1711s0 Anex = 3.47
104 14.4
53¢F; 2-(CHy)3CsF13 Cr< 20 Col, 134 Iso Anex= 3.48
8.7
53-Fg 3-(CH,)3CsF17 Cr70 Col, 188Iso0 Anex = 3.6
6.7 15.7
53¢ Fg 2-(CHy)3CsF17 Cr < 20 Coly, 161 Is0 Anex= 3.47
7.6

By shifting the lateral chains aong the aromatic unit to the position near the center, the
mesophases are destabilized. This is in accordance with the results obtained with
amphiphilic® and non-amphiphilic liquid crystals® and could be due to the change of the
conformation of the biphenyl unit (dihedral angle between the planes of the adjacent benzene
rings) and to a stronger disturbance of the parallel alignment of therigid cores by substituents
in a central position. The position of the alkyl chain has obviously no significant influence on
the mesophase structure. For example, compounds 53-H1; and 53¢-H;; with undecyl chains
have non-centred rectangular columnar mesophases with a p2gg-lattice.®* Compounds 53-Fg
and 53¢Fs as well as 53-Fg and 53¢Fg with semifluorinated chains show similar textures,
characterized by large homeotropic regions with small spherulitic domains, which are typical
for hexagonal columnar phases. X-ray studies additional proved the hexagona columnar
structures of these mesophases (see Table 5.4).
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(b) (©

Figure5.8 (a) Texture of the columnar phase of 53¢F, at 99 °C; (b) 2D X-ray diffraction
pattern of 53¢F, at 99 °C; (c) model of the Col; phase of 53¢F 4.

However, for compounds 53-F4 and 53¢F,, the mesophase types are different. At first, we
noticed that compound 53¢F, shows a spherulitic texture with homeotropically aligned areas
(Figure 5.8), which is quite different from that of compound 53-F; (see Figure 5.4). It is
optically uniaxia in contrast to the rectangular columnar phase of compound 53-F. Its two-
dimensiona X-ray diffraction pattern (shown in Figure 5.8b) indicates a tetragonal columnar
mesophase, which is in full accordance with the optical uniaxiality of this mesophase (square
lattice of the space group p4mm). The lattice parameter can be calculated to a = 2.1 nm. The
model shown in Figure 5.8d is in good agreement with the experimentally determined lattice
parameter. The parameter a corresponds to the molecular length and four molecules are
arranged in the cross-section of the unit cell. The arrangement of the molecules in this mode
is quite smilar to that in the c2mm phase of the shorter homologue 53-F3, only the columns
formed by the semifluorinated chains have a circular instead of an elliptical shape. In average
four bolaamphiphilic cores form the cylinder walls around the circular lipophilic columns of

the semifluorinated chains. The Coli-phase of 53¢-F4 can be regarded as intermediate stage at
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the trangition from the c2mm lattice (53-F3) to the p2gg lattice (53-F4). Hence, the mesophase
structure is only dightly changed by changing the position of the lateral (CHy)3CsFo chain.
This behavior is completely different from the observations made with polycatenar
compounds, for which a shifting of one alkyl chains from a periphera to a central position at
the rigid core leads to the complete loss of columnar and cubic mesophases and leads to
nematic phases without positional long-range order. &

5.34 Influence of the length of thebolaamphiphilic core

Table5.5 Transition temperatures, associated enthalpy values (lower lines, initalics) and
lattice parameter of the bolaamphiphiles 53""™-F incorporating spacer units
(n1, np) of different length.

HO OH
W waw
R
Comp. np np R Phase transitions (T/ °C) L attice parameter (nm)
CH/KJ mol ™
53%“-F 1 4 (CH,)3CeF13 Cr 94 Col, 144 1s0
70 59
539 F 1 9 (CH,)3CeF13 Cr 71 Cok 1171s0 a;=2.83
417 3.2
53%.F 4 4 (CHy)3CsF13 Cr 52 Col 102 Iso a;=3.00
190 44
53%F 4 1 (CH,)3CsF17 Cr76 Col, 138 Iso nex = 4.0
221 64
53%.F 1 4 (CH2)3CsF17 Cr 83 Col, 1611s0 anex = 4.09
216 7.7
53%.F 1 9 (CH,)3CsF17 Cr 97 Col 1351s0
292 52

In the next step, we have elongated the bolaamphiphilic core by introduction of akyl
spacers of different lengths between the rigid core and one of the diol head groups. It has
been shown with the related hydrocarbon derivatives, that enlargement of a lipophilic
spacer between the rigid core and one of the head group, facilitates the formation of smectic
phases. This was explained by the larger space available for the accommodation of the
lateral alkyl chains and the compatibility between the lipophilic spacers and lipophilic
lateral chains. In the case of the compounds 53-F, with semifluorinated lateral chains, the
columnar mesophases remain (Table 5.5), but the mesophase stability decreased with the
elongation of the spacers. This indicates, that the disturbing influence of the fluorinated
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chains on the layer structure is larger than that of the akyl chain, due to their larger volume
and probably also due to their incompatibility with the spacer units. The columnar phases of
compounds 53%*-Fg, 53*!-Fg and 53'*-Fg incorporating one butylene spacer have textures
with spherulitic domains and large homeotropic regions, similar to those of compound
53-F; (see Figure 5.5). By X-ray diffraction, the columnar mesophases of compound
53*1.Fg and 53'*-Fg were confirmed as hexagona columnar mesophases. Because
compound 53%4-F¢ shows an identical texture and miscibility studies indicated a complete
and uninterrupted miscibility with the columnar phase of compounds of 53%4-Fg, 53*!-Fg
and 53'4-Fg, we assume, that 53'*-F has a hexagonal columnar mesophase too.

Compounds 53'°-Fg and 53“°-Fg, which have a longer nonamethylene spacer have similar
textures. X-ray investigations however, indicate the presence of a tetragona columnar
mesophases with lattice parameter corresponding to the molecular lengths. (see Table 5.5
and Table 5.6). The molecular arrangement of the moleculers 53%°-Fg and 53'°-Fg in these
Coli-phases should be the same as discussed for 53¢F, (see figure 5.8c). Its occurrence can
be explained by the larger space available between the elongated bolaamphiphilic cores.
Therefore the lateral chains [(CH2)3CeF13, (CH2)3CgFi7] do not require the organization of
six bolaamphiphilic cores arround the lipophilic regions (cylinder model). Instead, four
bolaamphiphilic cores are sufficient. It is however remarkable that the tetragonal lattice is
often found for the fluorinated compounds instead of the Col, (c2mm) lattice, usualy
observed for bolaamphiphiles with lateral hydrocarbon chains of medium chain length.
Compound 53**-F¢ with two C, spacers shows a rectangular columnar mesophase
according to its texture, whereas the two-dimensional X-ray diffraction pattern is typical for
a sguare lattice & = 3.0 nm). Hence, the effect of elongation of the bolaamphiphilic
backbone is reverse to the effect of elongation of the lateral lipophilic chains.
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Table5.6 Molecular lengths (L), phase types, lattice parameter (a, b), calculated volumes
of the unit cells with a height of 0.45 um V), molecular volumina (V/mai),
molecular masses (M) and the number of molecules in each 0.45 nm thick unit
cal (ng, Ny, ng) of the columnar mesophases and the volume fractions of the
lipophilic lateral chains (fr) of the investigated bolaamphiphiles.

Comp. L Phase a b Veell Vol M r ny ny Nay fr
(m) type (m) (m) () () @molt)  (gemd)
53-"*Fs 25  Coly 0.704 736 1.22 0.43
53-1°F 32 Col 288 373 0.828 806 1.19 4.4 3.3 39 0.37
53*F; 31  Col, 300 4.05 0.779 778 1.20 5.3 376 49 0.39
53-*'F; 25  Col, 4.0 6.23 0.777 836 1.27 7.9 5.7 6.8 0.49
53-1F 25  Col, 4.1 6.54 0.777 836 1.27 8.3 5.9 7.1 0.49
53-1°F 32  Col 0.902 906 1.23 0.42

5.3.5 Bolaamphiles with larger head group

HO OH (0]

%ﬁ(o i o o SN o e W, W O

CoF13 613 HO  OH 613

53-F¢ Cr 47 Col,, 171 Is0 53F.15 Cr <20 Col, 132 Iso 53F.16 Cr 72 Col, 106 1so

Compound 53F.15, in which one of the termina diol units is replaced by a
5,6-dihydroxyhexyloxy unit, has a reduced mesophase stability compared with compound
53-F¢ with two 2,3-dihydroxypropoxy units and the same chain length. This observation is
in accordance with the results obtained for bolaamphiphiles without a lateral chain.®® The
flexible oxyethylene chains usually decrease the mesophase stability.

In compound 53F.16, an additional diol group is introduced in 3-position. This compound
shows a drastic mesophase destabilization compared with 53-Fg. Although stronger attractive
forces are provided by the additional hydrogen bonding between the molecules, the
disturbance caused by the steric effect of the additional diol group which disturbs the paralléel
organization of the rigid cores seems to be larger, so that the mesophase stability is decreased.

The textures of the mesophases of both compounds are identical with that of compound
53-Fs. Therefore, a hexagona columnar structure is assumed for these mesophases. It seems
that enlarging the polar head group has no influence on the mesophase type. Only a
significant mesophase destabilization was found.
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5.3.6 Biphenyl tetraols with two lateral chains

The previous investigations have shown that bolaamphiphiles with the very long
semifluorinated lateral chains can form modulated layer structures. Probably other smectic
phases can be obtained by further enlargement of the volume of the semifluorinated chains.
For this purpose bolaamphiphiles with two lateral chains have been synthesized

Table 5.7 Transition temperatures of biphenyl tetraol derivatives with two lateral chains.

HO_>—\ /—(_O "
HO oo OH
R{ R>

Comp. Ry Ry Phase transitions (T / °C)
54-Hgg CoHio CoH1g Cr 1231so0

54-Hj 18 CigHs7 CH; Cr 79 Col 106 Iso
54-H; Fs (CHz)3CsF 13 CHs Cr 97 Col 134 Iso
54-HsFs (CH2)3CsF13 CsH1s Cr 115 (108 Caol) Iso
54-Hi,Fg (CH2)5CeF 13 Ci2F2s Cr1341so0

54-Fege (CH2)3CeFi13 (CH2)3CsF13 Cr 147 1so

54-F;7 (CHy)3(CF,)4CH(CF3), (CH,)3(CR,)4CF(CF3), Cr 1431so0

Table 5.7 summarizes the properties of the synthesized compounds. Compounds 54-H1 15 and
54-H,Fe, in which the additional lateral substituent is a methyl group exhibit columnar
mesophases which have textures identical with that of the hexagona columnar phase of
compound 53-Fs. Because of the complete miscibility with the corresponding compounds
53-H;5 and 53-F¢ without the CHz-groups respectively, they should be hexagona columnar
phases. This shows that the additional methyl group has no influence on the mesophase type,
but the clearing temperatures are significantly reduced. Elongation of the lateral chain further
reduces the mesophase stability. The n-hexylsubstituted compound 54-HgFs has only a
monotropic columnar phase. Also the compounds 54-Fgs and 54-F77; with two
semifluorinated chains are only crystalline solids. It shows that bolaamphiphilic biphenyl
derivatives with two long lateral chains are nonmesogenic (compounds 54-Hg o,"® 54-HgFs,
54-H1,Fe, 54-Fgs and 54-F77), owing to the destabilization of the mesophase by the two
lateral chains and to the strong crystallization tendency of these compounds.

5.3.7 Bolaamphiphilic terphenyl derivatives
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Because our efforts to change the mesophase structure with two-chain biphenyl tetraols failed,
we turn our attention to bolaamphiphilic tertraols incorporating a p-terphenyl rigid core, for
which higher mesophase stabilities could be expected.

Table5.8 Transtion temperatures, associated enthalpy values (lower lines, in italics) and
lattice parameter of the mesophases of the bolaamphiphilic terphenyl derivatives
and volume fractions of the lateral chains

3 R, 2 2" R23“
Comp. R R, Phase transitions (T / °C) Lattice fr
DH/KJ mol ™t parameter
(nm)

58-H9’9 3-CGgH19 36-CyH 19 Cr 133 1so 0.55

58-Faa  3(CH2)3C4iFg  3M6(CH,)3 C4Fy  Cr 158 Col (L) 165 Iso 0.62
19.1 12.4

58-Fgs  3-(CHa)s CsF13  3dB(CH,p)s CsFz  Cr 169 Col (L) 185 Iso a=198, 0.62
31.0 18.0 b=5.1

58Fgs 2-(CH2)3 CoFiz  2MB(CH,)s CeFis  Cri 122Cr; 142Cub 160 Iso 0.59
312 415 22

58-Fgg  3-(CHp)s CsF17  3M(CH,)3 CgF7  Cr 133 Col (L) 185 Smb 197 Iso 0.67

273 85

58-Fi010 3-(CHz)3 CioFz1  3@(CHy)s CioF1  Cr 195 Smb 205 Iso 071
289 51

58-HgFs 3-CoHig 30(CH,); CsFis  Cr 144 Col (L) 150 Iso 0.59
17.2 8.2

The properties of these compounds are shown in Table 5.8. Compound 58-Hg ¢® with two
lateral alkylchains is only a crystaline solid. The related perfluorinated compounds display
mesogenic properties. Both compounds: 58-F, 4 and 58-F¢ ¢ have enantiotropic mesophases.
The mesophase of compound 58-Fs ¢ was investigated in more detail. I1ts mesophase usually
shows a mosaic texture (Figure 5.9a), but also spherulitic textures could be obtained. These
textural features point to the presence of a columnar mesophase. Preliminary X-ray studies
with a non-oriented samples however suggest a layer structure. Therefore this mesophase is
tentatively assigned as Col (L)-phase. Also the diffraction pattern of aligned samples show
in most cases four to five equidistant reflections in the meridian, pointing to a well defined
layer structure (d = 2.59 nm). Remarkably, the 02-reflex is of very low intensity whereas
the 03 and 04-reflection are of high intensity. This point to an additional periodicity with d

=05 " 259 = 1.3 nm). Remarkably, in the layer structure shown in Figure 5.9c, the
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aromatic layers and the lipophilic layers have the same thickness of ca 1.3 nm, which would
explain the extinction of the 02-reflex. However, sometimes, another diffraction pattern can
be obtained (Figure 5.9b). Again a sequence of equidistant reflexes is found, but in the
middle and wide angle region, distinct out of meridian reflections can be found, which can
be indexed on the basis of a two—dimensional lattice with the parameter a = 1.98 nm and
b=5.1 nm. Strangely, however al out of the meridian reflexes in the low angle region are
missing. The length of this molecule and the latera chain in their most extended
conformation amount to 2.4 nm and 1.3 nm, respectively. A reasonable model for this
mesophase is hard to conceive. In any case the presence of a strong layer reflection with
several higher order indicates the presence of a well defined layer structure. The high
volume fraction of the lateral chains suggest the occurrence of a layer structure, in which
the lipophilic chains are segregated from the rigid cores. However, in contrast to the
conventional smectic phases, the aromatic cores should be aligned parallel to the layer
planes, as shown in Figure 5.9¢, d. Related layer structures have recently been suggested for
the anthraquinones AQ,, and the anthracene derivative A, shown in Figure 5.10.%” Also the
SmA phase of the triptycene derivative (T) has some similarities with such a structure.

() (d)

Figure5.9 (a) Texture of the mesophase of compound 58-Fg¢ at 180 °C; (b) diffraction
pattern of the columnar mesophase of 58-F¢g at 177 °C; (c) CPK model
showing a possible layer-like arrangement of the molecules 58-F¢6; (d)
model of the Col, mesophase of 58-F¢¢.
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Figure510 Model of the Smectic phase of compounds anthracene An, anthraquinone
AQ, andtriptycene derivative T.

On the other hand, the optical texture and the out of the meridian reflections suggest the
presence of atwo-dimensional lattice.

There are at least three possible ways to combine a layer structure with a two-dimensional
lattice: One possibility is, that the 2D-lattice occurs perpendicular to the layers as shown with
compound 53-F1o as aresult of awavy deformation of the layers. However, this would lead to
significantly larger lattice parameter.

Secondly, as shown in Figure 5.114a, it can be the result of a correlation between the layers.
Here a periodicity is present within the layers and the adjacent layers are positionaly and
orientationally correlated with each other. In the case of compounds 58-F, 4 and 58-F¢s such a
periodicity could be provided by the segregation of the H-bonding networks from the
aromatic cores within the layers of the bolaamphiphilic cores. The parameter a = 1.98 nm
could correspond to the distance between the columns of H-bonding networks within the
layers, if the molecules are randomly or uniformly titled within the layers. The parameter
b =51 nm is in good agreement with twice the layer distance (d = 2.59 nm) in an
arrangement as shown in Figure 5.11a, in which the lateral chains are largely intercalated and
in average 3 aromatic cores are arranged in the cross-section of the polar sublayers. Such
columnar phases would represent laminated SmA (random tilt) or SmC (uniform tilt) phases,
in which adjacent 2D-smectic layers have a positional and orientational correlation, i.e.
arrangements of 2D smectic layers, which are separated by the fluid layers of the lateral
chains (L gn).

A third possibility is shown in Figure 5.11c. Here, the 2D-lattice occurs within the aromatic
layers. Such a mesophase could be regarded as a laminated modulated smectic phase (2D
SmA~ - layers separated by the fluid layers of the lateral chains, Lgn-). However, in this
case the correlation between the layers would lead to a three dimensionally ordered
mesophase. On the other hand it cannot be assumed that the 2D-lattice within the layers
could be detected by X-ray diffraction if adjacent layers are non-correlated.

Another possible way to combine columnar and lamellar organization is shown in Figure
5.11b. Here, adjacent 2D-smectic layer have only an orientational correlation. This
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organization is related to lamellar mesophases (Col)*®

mesophases of DAN-lipid complexes.®

and the diding columnar

The homologues 58-Fg g and 58-F10,10 show quite a different novel mesophase. In the case
of compound 58-Fgg, a mesophase with a schlieren texture is found. It cannot be
homeotropically aigned and hence indicates an optically biaxial mesophase. In other
regions a fan-like texture as typical for the smectic A phases could be detected. These
textural features point to an optically biaxial smectic phase (Smb). In most optically biaxial
smectic phases, the molecules are uniformly titled with respect to the layer plane (SmC), but
also optically biaxial SmA-phase have recently been reported.®® However, in contrast to
SMC phases, which exhibit only four brush disclinations, in the smectic mesophases of 58-
Fss and 58-Fip10 two brush disclination can be exclusively found. Therefore, this
mesophase should be different from conventional SmC phases i.e. there should be no polar
direction within the layers. If the models of the mesophase of 58-F, 4 and 58-Fg ¢ should be
correct, then alaminated nematic structure (Ly) is conceivable for this mesophase, i.e. the
calamitic parts of the moleculers are aligned in average paralel to the layer planes and
parallel to each other in segregated sheet of the bolaamphiphilic cores, separated by the
sublayers of the fluid lateral chains (see Figure 5.11 d).

Compound 58-Fg g shows this biaxial smectic phase only as a high temperature phase. At
185 °C atransition to another mesophase takes place. At this transition the fans get broken
and the textural features of the low temperature phases are similar to those of the
mesophases of compounds 58-F, 4 and 58-Fg ¢ with short lateral chains
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Figure5.11 Models of the mesophases of compounds 58-F.4, 58-Fges, 58-Fgg and
58-F 1010. Possible structures of the Col (L) phases are shown in Figures
a-c. (@) Laminated SmA-phase (SmC phases are also possible), in which
adjacent layers have a positional and orientational correlation [Lsma
(correlated) = Col;]; (b) laminated SmA-phase, in which adjacent layers
have only an orientational correlation (sliding laminated SmA-phase or
lamellar columnar phase); (c¢) laminated modulated smectic phase (2D
SmA~ - layers separated by the fluid layers of the lateral chains); (d)
proposed structure of the biaxial smectic phase (Smb): laminated nematic
structure (Ln); (€) alternating arrangement of isotropic 2D-layers in the
high temperature SmA phase of compounds 71-F1o and 71-F12 (Liso = SMA =

La).
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If the two semifluorinated chains in compound 58-Fg ¢ are moved to the more centra 2 and
2@ posgitions at the rigid core (compound 58¢-F¢), the mesophase type changes. Polarizing
microscopy indicates a highly viscous optically completely isotropic mesophase, as typical for
cubic mesophase. However, in X-ray studies only one reflection can be found (d = 3.0 nm).
Therefore a more detailed analysis of this cubic mesophase was not possible.

The terphenyl derivative 58-HgFs with two different lateral chains, one hydrocarbon chain,
the other one a semifluorinated chain shows essentially the same texture as 58-F44 and
58-Fs 6. The X-ray diffraction pattern is characterized by three equidistant reflexes in the small
angle region. Hence, the structure of mesophase of 58-HgFs should be related to those of
58-F4 4and 58-Fg6. A hint on the segregation of the fluorinated and nonfluorinated chains into
separated sublayers was not found.

5.3.8 Bolaamphiphilictriols

Table5.9 Transtion temperatures and associated enthalpy values (lower lines, in italics)
of the bolaamphiphilic triols and the lattice parameter of their mesophases (d or
anex) and volume fractions of the lateral chains.

/_<—OH

R

Comp. R Phase transition (T/ °C) Lattice parameter  fr
DH/KJ mol ™ (nm)

71-Hg CoH1g Cr 126 (Col, 85) Iso 0.50

71-H1,  CigHos Cr 109 (Cop102)  Iso Anex= 2.9 0.55

T1-Hyy Ci4Ho9 Cr1151so

71-Fg (CHy)3CsF13 Cr 99 Col, 125 Iso Apex=2.94 0.60
26.6 115

71-Fg (CH,)sCgF17  Cr118 Col (L) 139 Iso d=30 0.62
12 8.4

71-Fyo (CH,)3CoF21  Cr 135 Col (L) 151 Smb 154 SmA 1561so0  d=3.3 0.66
30.5 24 0.1 2.1

71-F1, (CH,)sCioF25  Cr 154 (Smb 142) SmA 188 Iso 0.69

40.0 17.7 1.8

In the next step we asked if the same sequence of the mesophases, as shown by the
terphenyl derivatives 58-F, could also be obtained if the volume fraction of the lipophilic
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chains is not enhanced by increasing the number of chains, but the space, available for the
chains is reduced by reducing the size of the bolaamphiphilic core.

For this purpose the bolaamphiphilic triols 71 have been synthesized (see Table 5.9). In such
molecules, one terminal end is replaced by a hydroxy group, the other terminal end is a diol
group. In such away, the length of the bolaamphiphilic core composed of the aromatic rigid
units and the termina polar group is reduced with respect to the volume of the lipophilic
region.

For the hydrocarbon derivatives with lateral nonyl and undecyl groups, hexagona columnar
phases were observed®?, and on further elongation of the lateral alkyl chains, the mesogenity
islost (71-H14). Again, the perfluorinated derivatives show more stable mesophases and they
are significantly stabilized on elongation of the lateral semifluorinated chain. Compound 71-
Fe shows a hexagonal columnar mesophase with anex = 2.94 nm. However, compound 71-Fg
that has a two CF, units larger lateral group shows the same principa mesophase as the
terphenyl derivatives 58-F4 4 and 58-Fg ¢ with two lateral semifluorinated chains. A spherulitic
texture and mosaic-like textures (Figure 5.12a) as typica for columnar mesophases were
found by polarizing microscopy, but its X-ray pattern shows only a well defined layer
structure, with a layer periodicity of d = 3.0 nm (Figure 5.12b). These observation are
reminiscent of the terphenyl compound 58-F¢ ¢ with the difference that no 2D-lattice is found
and the 02-reflex has a higher intensity than the 03-reflex.

Compound 71-F1p shows three distinct mesophases. On cooling from the isotropic liquid
state, at first the typical texture of aconventional SmA phase, characterized by the typical fan-
texture and homeotropically aligned optical isotropic regions is found. At 154 °C the
homeotropic regions become birefringent. The texture of this mesophase is identical with that
of the higher temperature mesophase of the terphenyl derivative 58-Fgg [Smb]. On further
cooling, an additional phase transition occurs, the phase sequence seems to be the same as
that of the terphenyl derivatives 58-Fgg with the difference that an additiond SmA phase
occurs above the optically biaxial smectic phase. X-ray studies indicate a well defined layer
structure in the temperature range of al phases (d = 3.3 nm), but no changes of the X-ray
pattern could be observed at the phase transitions. Compound 71-F1, exhibits exclusively the
biaxia smectic and the SmA phase.

Interestingly, the biaxial smectic phase aso occurs in a broad concentration region in a binary
system of the terphenyl-derivative 58-Fg ¢ and the biphenyl triol 71-Fs.
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@ (b)

Figure5.12 (a) Texture of themesophase of 71-Fg; (b) 2D X-ray diffraction pattern of 71-Fg

at 138 °C.

TFC

° w4 80 = 10
% terphenyl

Figure5.13  Contact region (comp. 71-Fg at the left hand side and comp. 58-Fg¢ at the
right side) and the binary phase diagram of the binary system of 71-F g and
58-F¢e.

Figure5.14 (@) <hlieren texture (Smi) and (b) fan-like texture (Smiby) found for the
biaxial smectic phasesin the binary system of 58-Fg g+ 71-Fs.
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The detailed phase diagram of the system 58-Fg¢ + 71-Fg is shown in Figure 5.13. In a
concentration region between Xsg.pss = 0.08 and Xss.res = 0.32, the biaxia smectic phase
occurs exclusively with a schlieren texture (Smb;) (Figure 5.14a). The X-pattren of this
induced biaxial smectic phase shows alayer structure with d = 3.0 nm. In the region between
Xss-re6= 0.32 and Xssres = 0.85 only a fan-like texture was observed (Figure 5.14b). Due to
the rapid crystallization in this concentration region, no X-ray studies could be carried out. It
is therefore not clear, if these are two different biaxia smectic phases in the different
concentration regions or not.

Nevertheless, all these investigations are in accordance with the models for these mesophases
explained above. The lipophilic regions formed by the semifluorinated chains are so large that
they can fuse with formation of layers, separating the sublayers of the aromatic rigid cores
and hydrogen bonding networks. The aromatic cores should be aigned parald to the layer
planes. It seems, that the low temperature mesophases of the pure bolaamphiphiles 58 and 71
with long chains comprise an additional 2D-lattice. A possible explanation could be that at
low temperature, the hydrogen bonds between the hydroxy groups form extended cylinders
between the aromatic cores (the segregation of aromatic cores and polar regions remains). The
aromatic rigid cores form ribbons, which are organized in layers (the layer can be regarded as
2D smectic phases). A two dimensional lattice could result if adjacent layers are positionally
correlated. The resulting structure corresponds to a rectangular columnar structure and
therefore, the typical texture of Col-phase can be observed under the polarizing microscope.
However, it might be difficult for X-ray studies to find this 2D-lattice, if the correlation
between the layers is only of short range order. At higher temperature, the hydrogen bonding
in the layers can be partly destroyed, and the positional order of the aromatic cores in the
layer is lost. Only the orientational order in the layer remains (Ln-phase). This more
disordered structure could obvioudy also be achieved if bolaamphiphiles with a different
length of the bolaamphiphilic cores are mixed (see figure 5.13b). Such molecules with a
different length should prefer a2D nematic organiztaion instead of a2D smectic organization.
If the bolaamphiphilic cores are rather short and / or the stability of the hydrogen bonding
networks is reduced (compounds 71-F1o and 71-F1), increasing the temperature could lead to
a complete loss of the orientational order of the aromatic cores in the layers. The aromatic
cores become disordered within the layers, but still arranged paralel to the layer planes.
Hence, a sequence of two isotropic layers remains and the texture turns to that of the
conventional SmA phase (Lis, La phase).

Though an unambiguous confirmation of the suggested mesophase structures cannot be given
with the obtained experiment results, the proposed moded of the Smb phase is additional
confirmed by investigation of the free-standing films of compound 71-Fip. They
umambiguoudly confirm the presence of a layer structure and that the optical axis (i.e. the
biphenyl cores) are pardlel to the layers planes.®® Additionaly, the dependence of the
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mesomorphic properties on the length of the rigid cores and in dependence on the length of
the lateral chains can be successfully explained with the proposed models. Comparison of
compounds 47.3, 71-F10 and 58-F10,10 shows that elongation of the aromatic rigid core gives
rise to an orientational order within the aromatic layers, leading to a trangtion from the
conventional SmA-phase (comp. 47.3) to abiaxia smectic phases (Ly). At lower temperature
a trangition of the 2D-nematic order within the aromatic layers to a 2D-smectic structure
should give rise to mesophases characterized by well defined layer structures, but textures
typical for columnar phases (Figure 5.15).

/_(—OH

Br O OH 473
Cr 77 SmA 100 Iso.

10F21

o~ y—~ )~ on 71-F1o

Cr 135 Cal (L) 151 Smb (Ln) 154 SmA 156 Iso

CioF 21

HO O O O o/_(o_HO 58-F10,10

Cr 195 Smb (L) 205 Is0

F21C10 10F21

Figure5.15 Elongation of the aromatic rigid core gives rise to an orientational order
within the aromatic layers, leading to a transition from the conventional
SmA-phase to a biaxial smectic phase (Ly) and 2D-smectic structure [Col

(L]

5.4 Conclusions

In summary, it was found, that by introduction of partially and totaly fluorinated lateral
chainsin lateral positions of rigid bolaamphiphiles, a wide variety of novel and quite different
mesophases can be obtained. Their formation is caused by the segregation of the lateral chains
from the bolaamphiphilic cores. In the first step this leads to a frustration of the smectic
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monolayer structure formed by the bolaamphiphiles without latera chains. Biphenyl
derivatives with one fluorinated lateral chain, form broad region of quite different columnar
liquid-crystalline phases and they have significantly increased mesophase stabilities in
comparison to the corresponding hydrocarbon analogues. The formation of these columnar
phases is explained as follows. the lipophilic lateral chains segregate with formation of
columns. The rigid aromatic units build up cylinder shells around these columns, held
together by the hydrogen bonding network between the diol groups. The relative space
required by the lipophilic chains with respect to the size of the rigid segments determines the
precise shapes of the cylinders and hence, the type of the columnar mesophases. The
sequence of their occurrence in dependence on the chain length is Col, (c2mm), Col; (p2g9),
Cal; (p4mm), Col, (pemm), Col, (p2mg), the same as found for the related hydrocarbon
analogues. However, a new Col, (p2mg) phase which represents an arrangement of wavy
deformed layers is obtained for compound 53-F1o with the longest semifluorinated chain and
the chain length required to form each columnar type is reduced due to the larger volume of
the semifluorinated chains.

The mesophase type seems to be largely independent on the position of the lateral chain. In
the case of the fluorinated compounds, tetragona columnar mesophase often occurs instead of
the Col,-phases.

Bolaamphiphiles with additional spacers between the rigid cores and the polar groups have
reduced mesophase stabilities. The effect of elongation of this spacer is contrary to the effect
of elongation of the latera chains, i.e. on elongation of the spacer, hexagonal columnar phases
are replaced by rectangular or tetragonal mesophases.

Enlarging the head group reduce the mesophase stability.

Non-conventional smectic phases in which the calamitic units are organized parallel to the
layer planes are suggested for the bolaamphiphilic terphenyl derivative with two lateral chains
and the bolaamphiphilic triols with long chains.

Three different phase structures, laminated smectic phases (Lgn), laminated nematic phases
(Ln) and an array of isotropic layers (Liw) are suggested for these phases. Additionally, a
cubic mesophase was found for one of the terphenyl derivatives. To understand its formation,
further investigations are necessary.

Thus starting with the nonsubstituted bolaamphiphile 53-Ho and ending up with compound
58-F1010, @ trangition between two orthogona sets of layer structures occurs, with columnar
phase as intermediate phases at the transition between these two layer structures (Figure
5.16).
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All the experimental results indicate, that the fluorophobic effect caused by the fluorinated
chains can be used in combination with other incompatibilities to increase the micro-
segregation of incompatible molecular parts into different regions and can stabilize the
mesophase. There are three distinct effects of the fluorinated chains in these system: i) The
fluorinated segments stabilize the mesophases due to the increased incompatibility with both
aromatic and polar molecular parts; ii) simultaneoudy, they reduce the melting points in many
cases and thus enlarge the mesomorphic regions; iii) the larger space required by the
fluorinated chains increases the size of the segregated lipophilic regions and therefore,
modifies the phase structure and leads to novel mesophases. A segregation of the fluorinated
and the hydrogenated parts of the lateral chains was not observed in the reported compounds.

Although the sdlf- organisation of this class of mesogenic block-molecules is unique among
low molecular weight materials, there is a close relationship to the behavior of the recently
reported ABC heteroarm star terpolymers,®? which can form morphologies quite similar to the
Cal;, Col; and Col,-phase of the bolaamphiphiles with lateral chains, but on a significantly
larger length-scale.

Coal; (c2mm) Coal; (p4mm) Coal; (p299) Colp (p6mm)

= Tl P

=) N ) ) S T _KE

A N - AW
Col; (p2mg) Lsm (Coly) Lsm (ColL) L (Smb) Liso (SMA)

Figure5.16 Transition between two orthogonal sets of layers structure with columnar
phases as intermediate phases.
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6 Summary

In this work we have synthesized four different classes of nonconventional liquid cystals
with perfluorinated chains and investigated their thermotropic liquid crystalline properties.
The paladium catayzed addition of perfluoralkyliodides to akenes and palladium
catalyzed cross coupling reaction were the key steps of the syntheses.

A: Replacement of the alkyl chains in polyhydroxy amphiphiles by semiperfluorinated
chains leads to a significant mesophase stabilization and a lowing of the melting points.
This is essencialy the result of the enlargement of the intramolecular polarity contrast. By
adjusting the number and length of the lipophilic chains, smectic A, hexagona columnar
and micellar cubic mesophases were obtained. The value of the interface curvature between
hydrophilic regions and lipophilic regions was recognized as the key factor determining the
morphology of the polymolecular aggregates forming the mesophase.

Because of the larger cross

R N on sectiond  area  of the
R HoooH perfluorinated segments in

Ra comparison to akyl chains,
7-1F6/4: Rl = (CH2)4C6F13, R2: R3: H: Cr 79 SmA 223 1so . A
7-2Fea: Ry = Ry = (CH)4CoF13, Rs = H: Crs6Cub,208 Iso  Only two semifluorinated
7-3Fg4: RiI= Ro= Ry = (CH2)4C6F13: Cr 59 Cubj, 188 Iso chans are sufficient to

7-3F74: Ri= R =R= (CH2)4(CF2)4CF(CF3)2: Cr <20 Cub;, 193 Iso A i i
obtain the micelar cubic

mesophase (Cuby2). All Cub,, have the Pm3n lattice. The two chain compounds 7-F4s and
7-Fei4 are the first double chain amphiphiles which form a micellar cubic phase and
simultaneoudly they are the first semifluorinated amphiphiles with an inverse thermotropic
cubic phase.

The Cuby, phase can be induced in binary mixtures of single chain with double chain
amphiphiles and of single chain with triple chain amphiphiles. It occurs only in a certain
temperature range above a distinct temperature. At lower temperature, a direct transition
between the SmA phase and the Col,, phase can be observed. This leads to a reentrant
behavior of the SmA phases and Coly, phases in certain concentration ranges.

B: Amphiphilic biphenyl derivatives with one or two semifluorinated terminal chains, form

smectic
and different R {th
R HO OH

columnar

mesophases. 16-1F¢/4: Ry = (CH2)4CsF13, Ro=H: Cr 147 Colx 152 Colx SmC 158 SmA 219 Iso

Compared W|th 16-1Fg10: R = (CHz)loCGFlg, R,=H: Cr 149 (C0|X1 148) C0|X2 168 SmA 203 Iso
_ 16-2Fg/4: Ry = Ro= (CH2)4CsF13:  Cr < 20 Col 145 Iso

the corresponding

hydrocarbon anaol ogues the introduction of perfluorinated chains does not cause a
significant change of the mesophase behavior.
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C: All types of mesophases (smectic, columnar, bicontinuous cubic, and micellar cubic)
were realized with semifluorinated pentaerythritol tetrabezonates.
R This is the same phase sequence
y@(‘l as found in lyotropic systems and
. Ra Rs for the thermotropic phase
X\
O
O

;Q\V(Q\/ﬁ sequence of the polyhydroxy
" o Q amphiphiles in dependence on the
Rg;(j'; Re number of the lipophilic chains.
T " The increased mesophase stability

27-1Fg/4: Ro= Rs= H, Ry = (CH,)4CsF13: Cr 59 SmA 88 Iso of al fluorinated compounds in
27-2Fg/4: Ri= Ry = (CH,)4CoF13, Rs = H: 1311 ,
/41 Ru = Ro = (CHa)aCofus, Ry = H: Cr 88 Cuiby, 131 150 comparison to the related alkyl

27-3Fgi4: RiI= R =Ry = (CH2)4C6F13: Cr 36 Cubj, 2101s0
compounds arises largely from the increased
intramolecular polarity contrast on replacing the alkyl
chains by semifluoroalkyl chains, which favors micro-

segregation. The larger cross-section area of the
fluorinated alkyl chains should be responsible for the

transition from a columnar to a micellar cubic phase
upon replacing the akyl chains of 27-3H by

27-1Fg4 27-3Fs/a

semifluorinated chains. These novel compounds can be
regarded as low molecular weight block molecules, they represent an interesting borderline
case between low molecular weight amphiphiles (surfactants, lipids) and block copolymers.

D: By introduction of partially and totally fluorinated lateral chains in lateral positions of
rigid bolaamphiphiles, a wide variety of the novel and quite different mesophases were
obtained. Their formation is caused by the segregation of the lateral chains from the
bolaamphiphilic cores, which in the first step leads to a frustration of the smectic monolayer
structure formed by the parent bolaamphiphiles without lateral chains. Biphenyl derivatives
with one fluorinated lateral chain form broad region of quite different columnar liquid-
crystalline phases and they have significantly increased mesophase stabilities in comparison
to the corresponding hydrocarbon analogues. The formation of these columnar phases is
explained as follows: the lipophilic lateral chains segregate with formation of columns. The
rigid aromatic units build up cylinder shells around these columns, held together by the
hydrogen bonding network between the diol groups. The relative space required by the
lipophilic chains with respect to the size of rigid segments determines the precise shapes of
the cylinders and hence, the type of the columnar mesophases. The sequence of their
occurrence in dependence on the chain length is Col, (c2mm), Col, (p2gg), Colk (p4mm),
Caly (p6mm), Col, (p2mg). The Col; (c2mm), Col; (p2gg) and Col, (p6mm) phases are the
same as found for the hydrocarbon analogues. However, the chain length required to form
each columnar type is reduced due to the larger volume of the semifluorinated chains. A
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new Col-phase with a p2mg lattice is obtained for compound 53-F19 with the longest
semifluorinated chain. This columnar phase is built up by wavy deformed layers
(Figure 15.6).

RSN /—C)OH HO_>—\ /—(_O " /_(_O )
HO O_<:>_<‘_g>_o : HO OO—Q—Q—O OH HO—O—Q—O oH
2T 3t T
R1 Ra R

53-H,, 53-F, 58-Fn’n 71-F,
R = (CH) nlCrFan+1 R1 = Re = (CH2)3CFonss R = (CH)3ChFonst
M=0,3n=0,3456,7,8,10 n=4,8, 10 n=6,8, 10, 12

Col, (c2mm) Col; (p4mm) Col; (p299) Coly, (pémm)

Colr (p2mg) Lsm [Colr] Lsm [Col(] Ln [Smb] Liso [SMA]

Figure5.16 Transtion between two orthogonal sets of layers structure with columnar
phases as intermediate phases.

The mesophase type seems to be largely independent on the position of the lateral chain. In
the case of the fluorinated compounds, tetragonal columnar mesophases often occur instead
of the Col-phaseswith c2mm and p2gg lattice.

Bolaamphiphiles with additional alkyl spacers between the rigid core and the polar head
groups have reduced mesophase stabilities. The effect of their elongation is contrary to the
effect of elongation of the lateral chains, i.e. on elongation of the spacer, hexagonal
columnar phases are replaced by rectangular or tetragonal mesophases.
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Enlarging the head group size reduce the mesophase stability.

Non-conventional smectic phases in which the calamitic units are organized paralel to the
layer planes are suggested for bolaamphiphilic terphenyl derivatives with two lateral chains
and bolaamphiphilic triols with one long chain.

Three different phase structures, laminated smectic phases (Lgn), a laminated nematic
phases (Ln) and an array of isotropic layers (Liss, SMA) are suggested for these phases.
Additionally, a cubic mesophase was found for one of the terphenyl derivatives. To
understand its formation, further investigations are necessary.

Thus starting with the nonsubstituted bolaamphiphile 53-Hp and ending up with compound
58-F10,10, a transition between two orthogonal sets of layer structures occurs, with columnar
phases as intermediate phases at the transition between these two layer structures
(Figure 5.16).

All the experimental results indicate, that the fluorophobic effect caused by the fluorinated
chains can be used in combination with other incompatibilities to increase the micro-
segregation of incompatible parts into different regions and can stabilize the mesophase.
There are three distinct effects of the fluorinated chains in these systems:. i) The fluorinated
segments stabilize the mesophases due to the increased incompatibility with both aromatic
and polar molecular parts; ii) simultaneoudly, they reduce the melting points in many cases
and thus enlarge the mesomorphic regions; iii) the larger space required by the fluorinated
chains increases the size of the segregated lipophilic regions and therefore, modifies the
phase structure and leads to novel mesophases. A segregation of the fluorinated and the
hydrogenated parts of the lateral chains was observed in only one case.

Although the self- organisation of this class of mesogenic block-molecules is unique among
low molecular weight materials, there is a close relationship to the behavior of the recently
reported ABC heteroarm star terpolymers, which can form morphologies quite similar to the
Cal;, Col; and Coly-phase of the bolaamphiphiles with lateral chains, but on a significantly
larger length-scale.

The competitive combination of rigidity and micro segregation is a successful principle. In
the future, using this principle, new supramolecular structure could be realized, which can
be compared with the complex morphology of multiblock-copolymers. The increased
incompatibility of perfluorinated segments with other molecular parts is an essential
advantage compared to related hydrocarbon compounds. Additionally, it is possible to use
the volume effect of perfluorinated chains to control the space filling of the micro-

segregated region.
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8 Supplement

Experiments
8.1 General

The confirmation of the structures of the intermediates and products was obtained by H-
NMR, BC-NMR and *F-NMR spectroscopy (Varian Unity 500, Varian Gemini 200
spectrometer). Mass spectra were recorded on an AMD 402 mass spectrometer (70 ev).
Microanalysis were performed using a Leco CHNS-932 elemental analyzer. Owing to the
hygroscopic properties of some compounds moisture was absorbed during sample
preparation and therefore correct combustion analyses were not obtained for some
compounds. Transition temperatures were measured using a Mettler FP 82 HT hot stage and
control unit in conjunction with a Nikon optiphot-2 polarizing microscope and were
confirmed using differential scanning calorimeter (perkin-ElImer DSC-7, heating and
cooling rate: 10K mint). The accuracy of the transition temperatures is about + 0.5K. All
phase transitions, except those of cubic and crystalline phases, were completely reversible.
If not otherwise stated the transition enthalpies of enantiotropic phases were obtained from
the first heating scan, those of monotropic phases from the second heating scan. The
accuracy of the enthalpy values is about + 0.2 kJ mol. X-Ray diffraction patterns were
obtained on a Guinier diffractometer (Huber) operating with a Cu-Ka; beam. The refraction
patterns were recorded with afilm camera.

Phase diagram were established by the penetration experiments and by investigation of
binary mixtures. These mixtures were investigated by optical polarizing microscopy
between crossed polarizes.

Purification and drying of the solvents was performed according to the methods described
in the literature®® The water content was determined using Karl-Fisher-Titration (Mitsubishi
Moisturemeter MCl Model CA-02). The purity of all compounds was checked by thin-layer
chromatography (Silica Geél Fzs4, Merck). Silica Gad 60 was used for column
chromatography. For the preparative centrifugal thin-layer chromatography: a Chromatotron
from Harrison Research Europe (Muttenz) was used.



8.2 Material

Commercial available substances:

Allylphenol (Fluka) Allylbromide (Merck)

1-Aminoethanol (Merck) 2-Aminopropane-1,3-diol (Aldrich)

1-Aminopropane-2,3-diol (Merck) Benzylbromide (Merck)

Boron tribromide (Aldrich) N-Bromosuccinimide (NBS, Merck)

3-Bromophenol (Lancaster) 1-Bromo-4-iodobenzene (Avocado)

4-Bromobenzene (Merck) n-Butyllithium (Aldrich)

3-Buten-1-ol (Fluka) N-Cyclohexyl- N&(morpholinoethyl)
carbodiimide methyl-p-toluenesulfonated
(CMC, Fluka)

9-Decen-1-ol (Fluka) 2,2-Dimethoxypropane (M erk)

Dimethylaminopyridine (DMAP, Merck) Ethyl 4-hydroxybenzoate (Aldrich)
Ethyl 3,4-dihydroxybenzoate (Aldrich) Ethyl 3,4,5-trihydroxybenzoate (Fluka)

5-Hexen-1-ol (Fluka) 1-lodoperfluorobutane (Aldrich)

1-1odoperfluoroi soheptane (FC) 1-lodoperfluorodecane (AIBCR)

1- lodoperfluoropropane (ABCR) 1-lodoperfluorohexane (Merk)

1-1odoperfluorooctane (ABCR) N-Methylmorpholine N-oxide (NMMNO,
60% agoues solution Aldrich)

Osmiumtetroxide (Berlin Chemie) Palladium, 10% on carbon (Merck)

Pentaerythritol (Merck) PPTS (Aldrich)

Trifluoro acetic acid (Merck) Undec-10-enylbromide (Lancaster)

Thefollowing substances are availablein our laboratary:
Tetrakis (triphenylphosphine)palladium (0) [ Pd(PPhs)4]
4-Benzyloxybenzeneboronic acid™®
1-Toluenesulfonyloxy-3-oxa-5-hexene
11-Bromoundecyl-1,2-diol®®

55,74

4-(4¢Bromophenyloxymethyl)-2,2-dimethyl-1,3-dioxolane®?
4A-[4-(4-Bromophenyloxy)-2-oxa-butyl]-2,2-dimethyl-1,3-dioxol ane 14 >
4-(4-Bromobutyl)-2,2-dimethyl-1,3-dioxol ane 44°"

2,2-Bis (3,4-didecyloxybenzyl oxymethy!)-1,3-propanedioP®

4-methoxybenzene boronic acid

2,2-Dimethyl-4-{ 4'-[ (2,2-dimethyl-1,3-dioxolan-4-yl) methoxy]-3'-methyl-3-octadecyl
biphenyl-4-yloxymethyl} -1,3-dioxolane.
3,4,5-Tris(1H,1H,2H,2H,3H,3H,4H,4H-perfluoroctyl-1-oxy)benzoic acid 6.4



8.3 Synthesisof amphiphilic diols
8.3.1 Synthesis of thesemifluorinated iodoalkanols 2

Addition of pefluoroalkyliodides to w-alkenols - general procedure 83.1: The
appropriate u-unsaturated alcohol (107 mmol), the appropriate 1-iodoperfluoroakane
(120 mmol) and dry hexane (80 mL) were put into a three necked flask. The flask was
placed in an ultra sonic bath under an argon atmosphere for 30 min. Then the mixture was
cooled to —78 °C and the flask was evacuated, back-filled with argon and warmed up to
room temperature. This procedure was repeated for three times. The mixture was cooled to
0 °C, Pd(PPhg)4 (5.6 g, 4.0 mol %) was added. The heterogeneous orange reaction mixture
was alowed to reach room temperature while stirring. The reaction was completed after
36 h. The mixture was filtered through silica gel and the residue was washed thoroughly
with diethyl ether. The solvent was removed in vacuo, and the residue was used without
further purification.

1H,1H,2H,2H,3H,3H,4H ,4H ,5H,6H,6H-Per fluor o-5-iododecan-1-ol 2.1

Prepared according to the general procedure 8.3.1 from 5-hexen- |

1ol (10.7 g, 107 mmol), 1-iodoperfluorobutane (38.0 g, 110 | Foco I~~gy
mmol) and Pd(PPts)4 (5.6 g, 4.0 mol %) in hexane (80 mL).
Yield: 48.1 g (100 %); yellow oil; C10H120Fgl (446).
'H-NMR (200 MHz; CDCk; J/Hz): d = 4.29 (m, 1 H, CHI), 3.61 (m, 2 H, HOCH,), 2.82
(m, 2 H, CF>,CHy), 2.25 (s, 1 H, OH), 1.80 (m, 2 H, CHy), 1.50 (m, 4 H, 2 CHp).

1H,1H,2H,2H,3H,4H ,4H-Per fluor o-3-iododecan-1-ol 2.2

Prepared according to the general procedure 8.3.1 from 3-buten-1-ol |

(7.72 g, 107 mmol), Pd(PPR). (5.6 g 40 mol %) and | FiCoon
1-iodoperfluorohexane (49.05 g, 110 mmol) in hexane (80 mL).
Yield: 55.4 g (100 %); yellow oail; C1oHsOF;3l (518).

'H-NMR (200 MHz; CDCk; J/HZz): d = 450 (m, 1 H, CHI), 3.82 (m, 2 H, HOCH,), 2.92
(m, 2 H, C4F9CH>), 2.02 (m, 2 H, HOCH,CH>).

1H,1H,2H,2H,3H,4H ,4H-Per fluor o0-3-iodoisoundecan-1-ol 2.3

Prepared according to the general procedure 8.3.1 from 3-
|

buten-1-ol (3.86 g, 53.5 mmol), l-iodoperfluoroisoheptane | (ce, crcr QWOH

(27.28 g, 55 mmol) and Pd(PPhs)s (28 g, 40 mol %) in

hexane (50 mL).
Yidd: 27.1 g (893 o/0); yellow Oi|; C11H80F15| (568)



IH-NMR (200 MHz; CDCl; J/Hz): d = 4.49 (m, 1 H, CHI) 3.79 (m, 2 H, HOCH,), 2.89 (m,
2 H, CF,CHy), 2.28 (s, 1 H, OH), 2.01 (m, 2 H, HOCH,CHy).

1H,1H,2H,2H,3H,3H,4H ,4H ,5H ,5H ,6H ,6H,7H,7H,8H,8H,9H,10H,10H-Per fluor 0-9-
iodohexadecan-1-ol 2.4

Prepared according to the general procedure 8.3.1 from 9-decen-1-ol |

(16.7 g, 107 mmol), 1-iodoperfluorohexane (49.05 g, 110 mmol) and Flgce\)\MOH
Pd(PPhs)4 (5.6 g, 4.0 mal %) in hexane (50 mL). ’
Yield: 64.6 g (100 %); yellow ail; C16H200F 131 (602).

'H-NMR (200 MHz; CDCk; J/HZ): d = 4.32 (m, 1 H, CHI), 3.62 (m, 2 H, HOCH,), 2.85
(m, 2 H, CF,CH>), 1.85-1.26 (m, 14 H, 7 CHy).

8.3.2 Synthesis of the semifluorinated alkanols 3

Reduction of the semifluorinated iodoalkanols - general procedure 8.3.2: To a durry of
LiAlH4 (81.8 mmol) in dry Et,O (100 mL), the appropriate semifluorinated iodoakanols 2
(98.4 mmol) dissolved in dry diethyl ether (100 mL) was added dropwise to maintain the
solution at reflux. The mixture was refluxed for further 2 h, and cooled to RT. Afterwards,
water was added dropwise until al the unreacted LiAlIH; was decomposed. Then 50 %
agueous H,SO, was carefully added to dissolve the solid. The organic layer was separated
and the agueous layer was extracted with Et,O (3x150 mL), the organic layers were
combined and washed with 10 % agueous N&S;03 till the agueous layer remained
colorless. After being washed further with H,O (2x100 mL) and brine (2x100 mL) and
dried over NgSQO,, the solvent was removed in vacuo, the oily residue was distilled in
vacuo.

1H,1H,2H,2H3H,3H,4H ,4H ,5H,5H6H ,6H-Per fluor odecan-1-ol 3.1

Prepared according to the general procedure 8.3.2 from 2.1 (48.1 g,

FoC
107.8 mmol) with LiAIH4 (4.5 g, 118.7 mmol) in diethyl ether (300 |~ ~ ©OH

mL).

Yield: 23.2 g (67.1 %); yellow ail; bp: 98 °C / 6 mbar; C10H130F (320).

'H-NMR (200 MHz; CDCk; J/Hz): d = 3.64 (t, 3J(H, H) 6.25, 2 H, CH,OH), 1.89-2.16 (m,
2 H, CH,CgFy13), 1.34-1.62 (m, 8 H, 4 CHy).

1H,1H,2H,2H,3H,3H,4H ,4H-Per fluor odecan-1-ol 3.2

Prepared according to the general procedure 8.3.2 from 2.2 (51.3 g,
98.4 mmol) with LiAlIH4 (3.1 g, 81.8 mmol) in dry diethyl ether (200

F13CG\/\/\O H

mL).



Yield: 33.6 g (87.1 %); yellow ail; bp: 80 °C / 9 mbar; C10HgOF13 (392).
'H-NMR (400 MHz; CDCk; J/Hz): d =3.67 (t, 3J(H, H) 6.01, 2 H, CH,OH), 2.09 (m, 2 H,
CH,CgF13), 1.74-1.60 (m, 4 H, 2 CHy).

1H,1H,2H,2H,3H,3H,4H ,4H-Per fluor oisoundecan-1-ol 3.3
Prepared according to the general procedure 8.3.2 from 2.3
(27.1 g, 47.8 mmol) with LiAIH4 (2.0 g, 52.8 mmol) in dry | (CR)LFCFaIN .~ ~o4
diethyl ether (160 mL).
Yield: 37.4 g (73.1 %); yellow ail; bp: 80 °C / 0.12 mbar; C11HyOF 15 (442).

'H-NMR (200 MHz; CDCk; J/Hz): d =3.62 (t, 2J(H, H) 5.9, 2 H, CH,0H), 2.55 (br s, 1 H,
OH), 2.24 (m, 2 H, CH,CF>), 1.77-1.51 (m, 4 H, 2 CH,).

1H,1H,2H,2H,3H,3H,4H,4H ,5H,5H,6H ,6H,7H,7H ,8H,8H,9H,9H,10H,10H-

Per fluor ohexadecan-1-ol 3.4

Prepared according to the general procedure 8.3.2 from 2.4 (64.6 g,
. . . . FrsCeny™~OH

107 mmol) with LiAlHs (4.5 g, 1187 mmol) in diethyl ether 8

(300 mL).The rough product was used without further purification.

Yield: 37.4 g (73.1 %); colorless solid; mp: 32 °C; C16H230F13 (478).

'H-NMR (200 MHz; CDCk; J/Hz): d = 3.62 (t, 3J(H, H) 6.5, 2 H, CH,0H), 2.16 (m, 2 H,

CH,CgF13), 1.29-1.58 (m, 16 H, 8 CH,).

8.3.3 Synthesis of thesemifluorinated 1-bromoalkanes4

Bromonation of the semifluorinated alkanols - general procedure 8.3.3: A mixture of 3
(61 mmol), 98 % H,SO, (6 mL), 48 % agueous HBr (28 mL, 168 mmoal), and
tetra-n- butylammoniumhydrogensulfate (1 g) was heated to 100 °C while stirring. After 12
hour, the reaction was complete. The mixture was cooled to room temperature and extracted
with Et,O (3" 100 mL). The combined organic layers were washed with HO (3" 50 mL),
dried over N&SO,4, and the solvent was removed in vacuo, the residue was distilled in
vacuo yielding the product.

1-Bromo-1H,1H,2H,2H3H,3H,4H,4H ,5H ,5H ,6H ,6H-per fluor odecane 4.1
Prepared according to the general procedure 8.3.3 from 3.1 (23.2
g, 72.4 mmol), 98 % H,SO,4(7.5 mL) and 48 % agueous HBr (46 | FCan~~"g,
mL, 276 mmoal), tetra-n- butylammoniumhydrogensulfate (1 g).
Yield: 24.3 g (87.7 %); yellow ail; bp: 90 °C / 6 mbar; CioH12F9Br (383).

'H-NMR (200 MHz; CDCk; J/HZ): d = 3.39 (t, 3J(H, H) 6.64, 2 H, CH,Br), 1.39-2.17 (m,
10 H, 5 CHy).




1-Bromo-1H,1H,2H,2H,3H,3H,4H,4H-per fluor odecane 4.2
Prepared according to the general procedure 8.3.3 from 3.2 (31.3
g, 79.8 mmol), 98 % HSO,4 (7.5 mL) and 48 % aqueous HBr (20
mL, 120 mmoal), tetra-n- butylammoniumhydrogensulfate (1 g).
Yield: 21.4 g (59.0 %); yellow ail; bp: 93 °C / 9 mbar; CioHgF13 Br (455).

'H-NMR (200 MHz; CDCk; J/Hz): d = 3.41 (t, 3J(H, H) 6.3, 2 H, CH,Br), 1.752-2.22 (m, 6
H, 3 CH,).

F13C e~~~
13~ 6 Br

1-Bromo-1H,1H,2H,2H,3H,3H ,4H ,4H-per fluor oisoundecane 4.3

Prepared according to the general procedure 8.3.3 from 3.3
(8.7 g, 19.7 mmol), 98 % HSO, (1.8 mL) and 48 % aqueous | (CFeCFCRI""g,

HBr (25 mL, 150 mmol), tetra-n- butylammoniumhydrogensulfate (0.5 g).

Yield: 7.1 g (71.7 %); yellow oil; bp: 90 °C / 0.45 mbar; C11HsFis Br (505).

'H-NMR (200 MHz; CDCk; J/Hz): d = 341 (t, 2 H, 3J(H, H) 6.3, CH,Br), 2.22-1.68 (m, 6
H, 3 CH,).

1-Bromo-1H,1H,2H,2H,3H,3H ,4H,4H ,5H ,5H,6H,6H,7H,7H,8H,8H,9H,9H,10H,10H ,-
perfluorohexadecane 4.4

Prepared according to the general procedure 8.3.3
from 3.4 (37.0 g, 78.6 mmol), 98 % HSO,4 (3.5 mL)
and 48 % aqueous HBr (10 mL, 60 mmoal), tetra-n- butylammoniumhydrogensulfate (0.5 g).
Yield: 24.3 g (57.3 %); yellow ail; bp: 138 °C / 0.21 mbar; C16HxF13Br (539).

'H-NMR (200 MHz; CDCk; J/Hz): d = 3.41 (t, 3J(H, H) 6.8, 2 H, CH,Br), 1.76-2.15 (m, 4
H, 2 CHp), 1.61-1.29 (m, 14 H, 7 CHy).
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8.3.4 Synthesis of the semifluorinated alkoxybenzoates 5, 24 and_26

Etherification of hydroxybenzoates - general procedure 8.3.4: To a mixture of K,COs (3
mmol for 1 mmol each hydroxygroup), the appropriate hydroxybenzoate (1 mmol) in dry
DMF (100 mL), the appropriate semifluorinated 1-bromoakanes 4 (1.1 mmol for each
hydroxygroup) was added under an argon atmosphere. The mixture was heated to 65 °C and
stirred for 2 h. After the reaction was complete (TLC), the mixture was cooled to RT,
poured into ice water (200 mL) and acidified with 10 % HCI to pH = 4-5. The mixture was
extracted with Et,O (3” 100 mL). The combined extracts were washed with H,O (2" 50 mL),
dried over N&SQq4, then the solvent was removed in vacuo. The residue was purified by
chromatography or recrystallization.



Methyl 4-(1H,1H,2H,2H,3H,3H,4H,4H ,5H ,5H ,6H ,6H-per fluor odecyl-1-oxy)
benzoate 5.1.1

Prepared according to the general procedure 8.3.4
from 4.1 (5 g, 13.5 mmol), methyl 4-hydroxybenzoate F9C4(CH2)604®_COOMe
(1.83 g, 12 mmol) and K>COs3 (5.0 g, 36 mmoal) in dry
DMF (60 mL). Purification by recrystallization from petroleum ether

Yield: 2.0 g (37.0 %); colorless solid; mp: 31 °C; CigH19F9Os (454).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.94 (dd, 3J(H, H) 8.9, “J(H, H) 2.0, 2 H, Ar-H),
6.98 (d, 3J(H, H) 8.9, 2 H, Ar-H), 4.02 (t, 3J(H, H) 6.3, 2 H, OCHy), 3.86 (s, 3 H, OCH),
2.05(m, 2 H, C4F9CHy), 1.92 (m, 2 H, CH,), 1.41-1.83 (m, 6 H, 3 CH,).

Methy 4-(1H,1H,2H,2H,3H,3H ,4H ,4H-per fluor odecyl-1-oxy)benzoate 5.2.1
Prepared according to the general procedure 8.3.4
from 4.2 (4 g, 8.8 mmol), methyl 4-hydroxybenzoate FBC6(CH2)4OOCOOMG
(2.1 g, 7.3 mmol) and K.CO3(2.9 g, 21 mmol) in dry
DMF (60 mL). Purification by recrystallization from petroleum ether.

Yield: 3.6 g (93.4 %); mp: 51 °C-55 °C; CigH15F13 O3 (526).

'H-NMR (200 MHz; CDCk; J/Hz): d = 8.25 (dd, 3J(H, H) 8.9, “J(H, H) 2.15, 2 H, Ar-H),
7.20 (dd, 3J(H, H) 8.9, “J(H, H) 2.15, 2 H, Ar-H), 4.40 (t, ®J(H, H) 5.7, 2 H, OCH,CH,),
4.20 (s, 3H, OCHj3), 2.40 (m, 2 H, CsF13CH>), 2.20 (m, 4 H, CH,CH>).

Ethyl 3,4-bis(1H,1H,2H,2H,3H,3H,4H,4H ,5H,5H,6H ,6H-per fluor odecyl-1-oxy)
benzoate 5.1.2

Prepared according to the general procedure 8.3.4
from 41 (5 g9, 13.05 mmol), ethyl 34- FgC4(CHYO COOCHs
dihydroxybenzoate (1.1 g, 6.04 mmol) and K>COs FoCa(CHp)6O

(5.0 g, 36 mmoal) in dry DMF (60 mL). Purification
by recrystallization from petroleum ether.

Yield: 3.0 g (63.6 %); colorless solid; mp: 31 °C; CygH3z2F18 O4 (786).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.65 (dd, 2J(H, H) 8.4 Hz, “J(H, H) 2.0, 1 H, Ar-
H), 7.23 (s, 1 H, Ar-H), 6.86 (d, 3J(H, H) 8.6, 1 H, Ar-H), 4.38 (g, 3J(H, H) 7.2, 2 H,
OCH,CHj3), 4.06 (t, 4 H, 2 OCH,), 2.15 -1.44 (m, 20 H, 2C4FyCH>CH,CH,CH>CH>),
1.39 (t, 3J(H, H) 7.2, 3H, CHy).




Ethyl 3,4-bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy)benzoate 5.2.2
Prepared according to the general procedure 8.3.4
from 4.2 (5.2 0, 11.3 mmol), | FiCe(CH)O COOCHs
ethyl 3,4-dihydroxybenzoate (0.95 g, 5 mmol) and F15Co(CH)O

K>COs (4.1 g, 30 mmal) in dry DMF (30 mL).
Purification by recrystallization from petroleum ether.
Yield: 2.3 g (49.1 %); colorless crystals; mp: 49 °C; Ca7H24F26 O4 (930).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.62 (dd, 3J(H, H) 8.4, *J(H, H) 2.0, 1 H, Ar-H),
7.45 (d, “J(H, H) 2.0, 1 H, Ar-H), 6.82 (d, 3J(H, H) 8.6, 1 H, Ar-H), 4.25 (q, 2J(H, H) 7.2,
2 H, OCH2CHs), 4.00 (t, *J(H, H) 5.7, 4 H, 2 OCH3), 2.00 (m, 4 H, 2 CsF13CH>), 1.90 (m,
8H, 2 CH2CH,), 1.30 (t, 3J(H, H) 7.2, 3 H, CH,CH>).

Ethyl 3,4,5-tris(1H,1H,2H,2H,3H,3H,4H ,4H ,5H ,5H ,6H ,6H-per fluor odecyl- 1-
oxy)benzoate 5.1.3

Prepared according to the general procedure 8.3.4 from
4.1 (5.2 g, 13.1 mmol), ethyl 3,4,5-trihydroxybenzoate
(0.79 g, 4 mmol) and K,COs (5.0 g, 36 mmol) in dry | Fe4CHIO CO0CAHs
DMF (30 mL). Purification by recrystallization from FoC4(CHYeO

petroleum ether.

Yield: 3.8 g (86.0 %); colorless crystals;, mp: 37 °C; CzgHaaF>705 (1105).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.24 (s, 2 H, Ar-H), 4.39 (g, 3J(H, H) 7.2, 2 H,
OCH,CHj3), 3.96 (m, 6 H, 3 OCHy), 2.15 (m, 6 H, 3 CFyCH>), 1.52-1.91 (m, 24 H, 3
CH2CH,CH,CHy>), 1.33 (t, 2J(H, H) 7.2, 3 H, CH2CHs3).

FoC 4(CH2eO

Ethyl 3,4,5-tris(1H,1H,2H,2H,3H,3H,4H,4H-per fluor odecyl-1-oxy)benzoate 5.2.3
Prepared according to the genera procedure 8.3.4 from
4.2 (43 g, 9.4 mmol), ethyl 3,4,5-trihydroxybenzoate
(0.50 g, 2.8 mmol) and KoCO3 (3.9 g, 28.0 mmol) in | F1Ce(CH,).0 COOCHs
dry DMF (60 mL). Purification by recrystallization F15C6(CH,),0

from petroleum ether.

Yield: 2.1 g (56.7 %); yellow crystals; mp: 50 °C; CzgHz1F3905 (1320).

'H-NMR (200 MHz, CDCk; J/Hz): d = 7.25 (s, 2 H, Ar-H), 4.36 (q, 3J(H, H) 7.2, 2 H,
OCH,CHj3), 4.05 (m, 6 H, 3 OCH,), 2.14 (m, 6 H, 3 GF13CHy), 1.51-1.87 (m, 12 H, 3
CH2CH,), 1.37 (t, 3J(H, H) 7.2, 3 H, CH,CHs3).

F13Ce(CH2)40,




Ethyl 3,4,5-tris(1H,1H,2H,2H,3H,3H,4H,4H perfluor oisoundecyl-1-oxy)benzoate 5.3
Prepared according to the general procedure 8.3.4 from

4.3 (6.2 g, 12.3 mmol), ethyl 3,4,5-trihydroxybenzoate (CFa),CF(CF2)(CHaQ
(0.67 g, 34 mmol) and K>COs3 (4.7 g, 34.1 mmol) in dry (CF3)2CF(CF2)a(CH2)40 COOC2Hs
DMF (60 mL). Purification by preparative centrifugal (CFa)sCF(CF 31 (CHO

thin layer chromatography (eluent: petroleum
ether® chloroform).

Yield: 3.5 g (70.0 %); yellow oil; C42H31F4505 (1470).
'H-NMR (200 MHz; CDCk; JHZ): d = 7.24 (2 s, 2 H, Ar-H), 4.36 (g, 3J(H, H) 7.2, 2 H,
OCH,CHz), 4.05 (m, 6 H, 30CHy), 1.62-2.12 (m, 18 H, 9 CHy), 1.33 (t, 3J(H, H) 7.2, 3 H,
CH,CHy3).

8.3.5 Synthesis of the semifluorinated alkoxybenzonic acids 6

Saponification of the benzoates - general procedure 8.3.5: A mixture of the appropriate
semifluorinated alkoxybenzoate (1.6 mmol), 95 % EtOH (10 mL), and 10 N aqueous KOH
(1 mL) was heated to reflux. After 2 h, the hydrolysis was complete (TLC). The mixture
was concentrated with a rotatory evaporator, and diethyl ether (100 mL) was added to
dissolve the reside. This solution was acidified with concentrated HCI to pH = 4, additional
diethyl ether (100 mL) was added untill all precipiate was dissolved. The organic layer was
separated, the aqueous layer was extracted three times with diethyl ether, the combined
organic extracts were washed twice with HO, and dried over N&SO,, diethyl ether was
removed in vacuo to yield a colorless waxy solid. Purification of the product was done by
recrystallization from ethanol.

4-(1H,1H,2H,2H,3H,3H,4H ,4H ,5H,5H,6H ,6H-Per fluor odecyl-1-oxy)benzoic acid 6.1.1
Prepared according to the general procedure 8.3.5 from 5.1.1
(2 g, 4.4 mmol), 95 % EtOH (50 mL), and 10 N agueous KOH FgC4(CH2)GOCOOH
(5 mL).
Yield: 0.63 g (32.5 %); transition temperatures (°C): Cr 150 SmA 169 Iso; G7H17FoO3
(440).

1 H-NMR (200 MHz; DMSO-Dg, J/Hz): d = 12.52 (s, 1 H, COOH), 7.88 (d, 3J(H, H) 8.4, 2
H, Ar-H), 6.96 (d, 3J(H; H) 8.6, 2 H, Ar-H), 4.06 (t, 2J(H, H) 6.5, 2 H, ArOCH, ), 2.18-2.34
(m, 2H, CHy), 1.72 (m, 2 H, CH,), 1.45-1.69 (m, 6 H, 3 CHp).




4-(1H,1H,2H,2H,3H,3H,4H ,4H-Per fluor odecyl-1-oxy)benzoic acid 6.2.1
Prepared according to the genera procedure 8.3.5 from
5.2.1 (3.6 g, 6.84 mmol), 95 % EtOH (70 mL), and 10 N Flace(CHZ)pOCOOH
aqueous KOH (7 mL).
Yield: 2.1 g (60.0 %); transition temperatures (°C): Cr 165 SmA 185 1s0; G7Hi13F1303
(512).

'H-NMR (200 MHz; DMSO-Dg; J/HZ): d = 7.87 (d, 3J(H, H) 8.8, 2 H, Ar-H), 7.00 (m, 3J(H,
H) 8.8,2 H, Ar-H), 4.10 (t, *J(H, H) 6.3, 2 H, ArOCH,), 2.30 (m, 2 H, CsF13CH>), 1.84-1.69
(m, 4 H, 220 (m, 4 H, 2 CHy).

3,4-Bis(1H,1H,2H,2H,3H,3H,4H,4H,5H ,5H,6H ,6H-per fluor odecyl-1-oxy)benzoic acid
6.1.2

Prepared according to the general procedure 8.3.5 from 5.1.2
(2.85 g, 3.62 mmol), 95 % EtOH (45 mL), and 10 N agueous Fgc“(c”z’s"@_coo”
KOH (4.5 mL). FoCa(CHIO

Yield: 2.0 g (73.0 %); transiton temperatures (°C): Cr 58 Col 131 1s0; Cy7H2sF1504 (758).
'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 12.59 (s, 1 H, COOH), 7.54 (dd, 3J(H, H) 8.4,
4J(H, H) 2.0, 1 H, Ar-H), 7.04 (d, 1 H, 3J(H, H) 8.4, Ar-H), 4.05 (m, 4 H, ArOCH,), 2.28
(m,4H,2CH,), 1.72 (m, 4 H, 2 CH,), 1.62-1.46 (m, 12 H, 6 CH,).

3,4-Bis(1H,1H,2H,2H,3H,3H ,4H ,4H-per fluor odecyl-1-oxy)benzoic acid 6.2.2
Prepared according to the general procedure 8.3.5 from
522 (226 g, 24 mmol), 95 % EtOH (30 mL), 10 N | f,cycH).0 OOH
aqueous KOH (3 mL).

Yield: 2.0 g (73.0 %); transition temperatures (°C); Cr 82
Col 116 1s0; Co7H20F604 (902).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.68 (dd, J(H, H) 8.6, *J(H, H) 1.9, 1 H, Ar-H), 7.58
(d, 2J(H, H) 1.9, 1 H, Ar-H), 6.85 (d, *J(H, H) 8.6, 1 H, Ar-H), 410 (m, 4 H, 2 CH;0), 1.00-
2.20 (m, 12 H, 6 CHy).

F13C6(CH2)s0

3,4,5-Tris(1H,1H,2H,2H,3H,3H ,4H ,4H ,5H,5H ,6H ,6H-per fluor odecyl-1-oxy)benzoic
acid 6.1.3

Prepared according to the genera procedure 8.3.5 from FoCa(CH)6O,
5.1.3 (3.6 g, 3.3 mmol), 95 % EtOH (45 mL), 10 N | FecuCH0 OOH
agueous KOH (4.5 mL). FoCa(CH2)eO

Yidd: 1.8 g (50.7 %); mp: 43 °C; Ca7HagF270s (1077).
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IH-NMR (200 MHz; CDCk J/Hz): d = 7.30 (5, 1 H, Ar-H), 7.24 (s, 1 H, Ar-H), 4.05 (t, 3J
(H, H) 6.3, 6 H, 3 CH,0), 2.09-2.01 (M, 6 H, 3 CH,C4Fo), 1.76-1.48 (m, 24 H, 12 CHp).

3,4,5-Tris(1H,1H,2H,2H,3H,3H ,4H ,4H-per fluor odecyl-1-oxy)benzoic acid 6.2.3
Prepared according to the general procedure 8.3.5 from
523 (29 g, 2.2 mmol), 95 % EtOH (38 mL), 10 N
aqueous KOH (3.5 mL).

Yield: 1.5 g (52.8 %); transition temperatures (°C): Cr 47
Col 80 Is0; Cz7H27F3005 (1293).

'H-NMR(200 MHz; CDCk, J/Hz): d = 7.31 (s, 2 H, Ar-H), 4.06 (t, 3J(H, H) 6.05, 6 H, 3
CH,0), 1.88-1.22 (m, 12 H, 3 CH,CHy).

F13C6(CH2)40,
F13C¢(CH,),0 OOH

F13Ce(CH2)40

3,4,5-Tris(1H,1H,2H,2H,3H,3H ,4H,4H-per fluor oi soundecyl-1-oxy)benzoic acid 6.3
Prepared according to the general procedure 8.3.5
from 5.3 (3.4 g, 2.3 mmol), 95 % EtOH (40 mL),
10 N agueous KOH (4 mL). (CF9;,CF(CF)(CH,)0 COOH
Yield: 2.3 g (68.3 %); transition temperatures (°C): (CF3),CF(CFy4(CH,),0

Cr 56 Col 79 1s0; CaoH27F4505 (1442).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.32 (s, 2 H, 2 Ar-H), 4.06 (m, 6 H, 3 CH,0), 1.94-
2.21 (m, 6 H, 3CH,), 1.65-1.93 (m, 12 H, 6 CHy).

(CF3)2,CF(CF2)(CH2)40
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8.3.6 Synthesis of the 1-benzoylaminopropane-2,3-diols 7, benzoylaminopropane-1,3-
diol 8-2F and benzoylaminoethan-2-ol 9-2F

Aminolysis of acid chlorides - general procedure 8.3.6: The appropriately substituted
benzoic acid (1.5 mmol) and thionyl chloride (10 mL) were heated to reflux for 3 h. The
excess thionyl chloride was distilled off and the residue was dissolved in dry CH>Cl,. The
appropriate amino alcohol (15 mmol) was dissolved in dry DMF (30 mL) under an argon
amosphere and DMAP (10 mg) was added. To this solution the benzoyl chloride,
dissolved in dry CH,Cl> (5 mL) was added while stirring at 80 °C. The resulting mixture
was heated at this temperature for 4 h and was tirred for additional 24 h at room
temperature. Afterwards the solvent was removed in vacuo and the residue was purified by
recrystallization or by preparative centrifugal thin layer chromatography on a
Chromototron.

1-[4-(1H,1H,2H,2H,3H,3H,4H ,4H-Per fluor odecyl-1-oxy)benzoylamino]
propane-2,3-diol 7-1Fg/4

Synthesized according to the general procedure
8.3.6from 6.1.1 (1 g, 1.9 mmoal), thionyl chloride

(10 mL) and 1-aminopropane-2,3-diol (1.73 g, 19 /O/K’VH/\OCOH

mmol). The residue was purified twice by | FCe(CH2O

preparative centrifugal thin layer chromatography (eluent: CHCL/MeOH 10:1), and
recrystallized from CHCL.

Yield: 260 mg (23.4 %); transition temperatures (°C): Cr 79 SmA 223 1s0; CyoHxF1304N
(585). Anal. Calcd.: C, 41.0, H, 3.42, N, 2.39; Found:C, 40.96, H, 4.04, N, 2.44.

'H-NMR (400 MHz; acetone-Dg; J/Hz): d = 7.91 (d, 3J(H, H) 5.9, J(H, H) 2.2, 2 H, Ar-

H), 7.75 (br.t, 1 H, NH), 7.03 (d, 3J(H, H) 6.9, “J(H, H) 2.1, 2 H, Ar-H), 416 (m, 2 H,

OCHy), 3.52 (m, 5 H, CH2NH, CH,0H, CHOH), 2.82 (m, 2 H, CH2CgF13), 207 (m, 2 H,

OCH,CHy), 1.84 (m, 2 H, CH,CH,CsF13).

13C-NMR (100 MHz; acetone-Dg; J/Hz): d = 162.8 (CO), 130.1, 127.9, 115.1 (Ar-C), 72.3

(CHOH), 68.3 (OCHy), 64.5 (CH20OH), 43.7 (CH2NH), 31.3, 31.1, 30.8 (t, 2J(C, F) 22.3,

CH,), 17.8 (CHy).

19F-NMR (200 MHz; acetone-Dg; J/Hz): d = -82.17 (overlapped t, 3 F, CF3), -114.99 (t, 2

F, CH.CF,), -122.66 (s, 2 F, CR3(CF2)3CFy), -123.65 (s, 2 F, CR(CF2),.CFy), -124.26 (s, 2

F, CFCF.CF), -126.95 (s, 2 F, CFsCF).
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1-[3,4-Bis(1H,1H,2H,2H,3H,3H,4H,4H ,5H ,5H ,6H ,6H -per fluor odecyl-1-
oxy)benzoylamino]propane-2,3-diol 7-2F s
Synthesized according to the general procedure 8.3.6

from 6.1.2 (1 g, 1.32 mmol), thionyl chloride (10 ml) FLCoCHIO Ol
94 2)6

¥y o

and l-aminopropane-2,3-diol (0.9 g, 10 mmol). Vol

Purified twice by preparative centrifugal thin layer
chromatography (eluent: CHCk/MeOH 10:1), and recrystallization from CHCl.

Yield: 210 mg (19.2 %); transition temperatures (°C): Cr 67 Cub, 162 1s0; CspoHzsF180sN
(831); Anal. Cdcd.: C, 43.32, H, 4.21, N, 1.68; Found:C, 43.13, H, 4.34, N, 1.62.

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.36 (m, 3J(H, H) 8.4, 2 H, Ar-H), 7.21 (br s, 1 H,
NH), 6.77 (d, 23J(H, H) 8. 4.1 H, Ar-H), 4.20 (br s, 1 H, OH), 3.95 (m, 2 CH;0), 3.85 (t, J(H,
H) 5.07, 1 H, OH), 3.42-3.56 (m, 5 H, NCH;, CH,OH, CHOH), 1.93-2.11 (m, 4 H, 2
CH,CgF13), 1.89-1.92 (m, 16 H, 8 CHy).

13C-NMR (100 MHz; CDCk; J/Hz): d = 168.8 (CO), 112.2, 112.7, 120.1, 126.0, 148.8,
152.2 (Ar-C), 71.2 (CHOH), 68.7, 69.0 (OCHy), 63.8 CH,OH), 43.7 (CH,NH), 31.1, 30.6,
30.2 (t, 2J(C, F) 22.4, CHy), 20.0, 25.7, 28.8, 29.1, 29.0 (CH>), 14.8 (CHy).

F-NMR (200 MHz; CDCk; J/Hz): d = -82.92 (overlapped t, 6 F, CF3), -116.41 (t, 4 F, 2
CH,CF,), -126.26 (s, 4 F, 2 CFCF,CF,), -127.8 (m, 4 F, CF3CF).

FoC4(CH,)6O

1-[3,4-Bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy) benzoyl
amino]propane-2,3-diol 7-2Fga
Synthesized according to the general procedure 8.3.6 o)

from 6.2.2 (1 g, 1.11 mmol), thionyl chloride (10 mL) FBCG(CHZ)“OD)LNMOH
and 1-aminopropane-2,3-diol (1.3 g, 15 mmol). | FiCe(CHO

Purified by preparative centrifugal thin layer chromatography (eluent: CHCk/MeOH
10:0.5), and then recrystallized twice from CH;OH.

Yield: 235 mg (22.0 %); transition temperatures (°C): Cr 86 Cub,, 208 1s0; C3oH270s5F6N
(975). Andl. Calcd.: C, 36.92, H, 2.77, N, 1.44; Found: C, 36.86, H, 3.08, N, 1.41.

'H-NMR (200 MHz; (CD3),CO:; J/Hz): d = 7.81 (br s, 1 H, NH), 7.55 (dd, 3J(H, H) 10.0,
4J(H, H) 1.95, 2 H, Ar-H), 7.04 (d, 3J(H, H) 8.4, 1 H, Ar-H), 4.10-4.17 (m, 4 H, 2 CH,0),
3.76 (d, 3J(H, H) 4.9, 1 H, OH), 3.60 (t, 3J(H, H) 4.9, 1 H, OH), 3.43-3.54 (m, 5 H, NCH>,
CH,0H, CHOH), 2.25-2.48 (m, 4 H, 2 CH,C4Fg), 1.80-2.07 (m, 8 H, 2 CH,CHy).

13C-NMR (100 MHz; (CDs),CO; JHz): d = 168.8 (CO), 113.6, 114.0, 121.8, 128.3, 149.8,
153.0 (ArC), 72.4 (CHOH), 69.2, 69.4 (OCH,), 64.6 (CH,OH), 43.9 (CH,NH), 30.9, 31.1,
31.4 (t, 2J(C, F) 22.4, CH,CF>), 29.2, 18.0 (CHy).

9F-NMR (200 MHz; (CDs),CO; JHz): d = -78.24 (overlapped t, 6 F, 2 CF3), -111.12, -
111.27, -111.34 (t, 4 F, 2 CH,CF»), -118.94 (s, 4 F, 2 CF3(CR,)sCF»), -1199 (m, 4 F, 2
CF3(CR,)2CFy), -120.4 (m, 4 F, 2 CF3CF,CF»), -123.23 (m, 4 F, 2 CF3CF).

13



1-[3,4,5-Tris(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor ooctyl-1-oxy)

benzoylamino]propane-2,3-diol 7-3F44

Synthesized according to the general procedure 8.3.6

from benzoic acid 6.4 (1 g, 1.01 mmol), thionyl

chloride (10 mL) and 1-aminopropane-2,3-diol (0.9 osEne W'/\/\OH
H OH

g, 99 mmol). Purified by twice preparative FaCaCHIO

centrifugal thin layer chromatography (eluent:

CHCl;/MeOH 10:0.5), then recrystallization firstly from CHCk, and secondly from

CH3OH.

Yield: 221 mg (21.0%); transition temperatures (°C): Cr 49 Cub» 154 1s0; C34H3OsFo7N

(1065). Anal. Calcd.: C, 38.31, H, 3.19, N, 1.31; Found: C, 38.07, H, 3.50, N, 1.35.

'H-NMR (200 MHz; acetone-Dg; J/Hz): d = 7.87 (br s, 1H, NH), 7.27 (s, 2 H, Ar-H), 4.16

(m, 3J(H, H) 57, 6 H, 3 CH,0), 4.03 (d, 3J(H, H) 5.3, 1 H, OH), 3.91 (t, 3J(H, H) 6.3, 1 H,

OH), 3.42-3.55 (m, 5 H, NCH;, CH,OH, CHOH), 2.06-2.48 (m, 6 H, 3 CH,C4F), 1.80-

2.01 (m, 24 H, 12 CH,).

13C-NMR (100 MHz; CDCk; J/Hz): d = 168.8 (CO), 107.2, 119.9, 130.9, 142.1, 154.2 (Ar-

C), 73.7 (CHOH), 69.7, 72.1 (OCHy), 64.7 (CH,OH), 43.7 (CH,NH), 30.6, 31.4, 31.6 (t,

2J(C,F) 22.4, CHy), 18.1, 29.7 (CHy).

9F-NMR (200 MHz, CDCk, J/Hz): d = -82.75 (overlapped t, 9 F, 3 CFs), -116.34 (t, 6 F, 3

CH,CF,), -126.13 (s, 6 F, 3 CRCRCFy), -127.74 (m, 6 F, 3 CF3CF).

O

O(CHpCyFy

1-[3,4,5-Tris(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy) benzoylamino]
propane-2,3-diol 7-3Fga

Synthesized according to the general procedure o

8.3.6 from benzoic acid 6.2.3 (1 g, 0.77 mmol), | FuCeCHO N oH
thionyl chloride (10 mL) and 1-aminopropane-2,3- | £ c.(cH,).0 H OH
diol (069 g, 7.6 mmol). Purified by twice O(CH,),CoF13

preparative centrifugal thin layer chromatography (eluent: CHCk/MeOH 10:0.5), then
recrystallization from CHCL/CH3;OH 10:2.

Yield: 231 mg (22.0 %); transition temperatures (°C): Cr 59 Cub,, 188 150; C4oH3406F39N
(1365). And. Calcd.: C, 35.16, H, 2.49, N, 1.02; Found: C, 35.10, H, 2.90, N, 1.00.
'H-NMR (200 MHz; CDCk; J/Hz): d = 6.97 (s, 2 H, Ar-H), 6.52 (br.t, 1 H, NH), 4.04 (m,
6 H, 30CHy,), 3.64 (m, 5H, CH2NH, CH,OH, CHOH), 3.90 (m, 1 H, OH), 2.94 (m, 1 H,
OH), 2.15 (m, 6 H, 3 OCH,CH>), 1.85 (m, 12 H, 3 (CH2)2CsF13).

13C-NMR (100 MHz; CDCk; J/Hz): d = 168.7 (CO), 153.9, 141.9, 130.9, 107.3 (Ar-C),
73.3 (CHOH), 72.4, 69.4 (OCHy), 64.8 (CH,OH), 44.1 (CH,NH), 31.24 (t, 2J(C, F) 22.0,
CHy), 18.1 (CHyp).
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19E.NMR (200 MHz; CDCk; J/H2): d = -82.36 (overlapped t, 9 F, 3 CFs), -115.14 (t, 6 F,
3 CH,CR), -122.76 (s, 6 F, 3 CF3 (CR2)sCF2), -123.74 (s, 6 F, 3 CF; (CRo).CF>), -124.24
(S, 6 F, 3 CFsCRCF>), -127.08 (S, 6 F, 3 CRaCFo).

1-[3,4,5-Tris(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor oisoundecyl-1-oxy)
benzoylamino]propane-2,3-diol 7-3F;4
Synthesized according to the general procedure o

8.3.6 from benzoic acid 6.3 (1 g, 0.69 mmol), (CRalCRCRCHAO N oH
thionyl chloride (10 mL) and 1-aminopropane- | (CFyLF(CF(CH,),0 "oon
2,3-diol (0.63 g, 6.9 mmol). Purified by twice
preparative centrifugal thin layer chromatography (eluent: CHCk/MeOH 10:0.5).

Yield: 131 mg (12.5 %); transition temperatures (°C): Cr < 20 Cub,2 193 150; Cs3H3406F 45N
(1515). Anal. Calcd.: C, 34.06, H, 2.24, N, 0.92; Found: C, 33.81, H, 2.83, N, 0.90.
'H-NMR (200 MHz; CDCk+CICF,CFCly; JHz): d = 7.03 (s, 2 H, Ar-H ), 6.57 (br t, 1 H,
NH), 407 (m, 6 H, 3 CHO), 387 (m 2 H, 2 OH), 359367 (m 5 H,
NCH,CHOHCH30H), 2.15 (m, 6 H, 3 CH,CF>), 1.87-1.92 (m, 12 H, 3 CH,CH>).
13C-NMR (100 MHz; CDChk+CICF,CFCl; J/Hz): d = 169.1 (CO), 153.35, 129.46, 120.0,
106.3 (ArC), 72.9 (CHOH), 71.4 (CH,OAr), 68.9 (2CH,OAr), 64.0 (CH,OH), 43.0 (CH;N),
31.0 (CH,CF>), 29.8, 28.9 (CHy), 17.4 (CHy).

19F-NMR (188 MHz; CDCk+CICF,CFCly; J/Hz): d = -83.58 (m, 18 F, 6 CF3), -116.45 (m,
6 F, 3 CH,CR,), -116.96 (m, 6 F, 3 CH,CF,CF), -122.61 (m, 6 F, 3 CH,CF,CF,CF), -
124.92 (m, 6 F, 3 CF;CFCF,), -188.04 (m, 3 F, 3 CF3CF).

O(CHy)4(CF),CF(CFy),

2-[3,4-Bis(1H,1H,2H,2H,3H,3H,4H,4H,5H ,5H ,6H ,6H-per fluor odecyl-1oxy)
benzoylamino]propane-1,3-diol 8-2F4s

Synthesized according to the general procedure 8.3.6 from oH
benzoic acid 6.1.2 (0.72 g, 0.92 mmol), thionyl chloride F\Cy(CHy)0 1 NLOH
(10 mL) and 2-aminopropane-1,3-diol (0.84 g, 9.25 !
mmol). Purified by twice preparative centrifugal thin layer
chromatography (eluent: CHCk/MeOH 10:1).

Yield: 231 mg (30.0 %); transition temperatures (°C): Cr 71 Coly 177 1s0; C30H3505F18N
(831). Anal. Calad.: C, 43.32, H, 4.21, N, 1.68; Found: C, 42.83, H, 3.89, N, 1.55.

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.40 (br s, 1 H, NH), 7.31 (dd, *J(H, H) 1.95,
3J(H, H) 84, 2 H, Ar-H), 6.82 (d, 3J(H, H) 84, 1 H, Ar-H), 4.16-3.82 (m, 9 H,
HOCH,CHCH,0H, 2 CH,0), 3.50 (br s, 1 H, OH), 2.65 (br s, 1 H, OH), 1.48-2.14 (m, 20
H, 2 (CHy)s).

FoCa(HL)eO
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13C-NMR (100 MHz; CDCk; J/Hz): d = 168.0 (CO), 112.4, 113.0, 120.0, 126.7, 149.1,
152.8 (Ar-H), 69.0, 68.8 (CH,OAr), 63.7 (CH,OH), 52.8 (CHNH), 30.6 (CH,CF>), 20.0,
25.6, 28.7, 28.8, 28.9 (CHy).

19F-NMR (200 MHz; CDCk; J/Hz): d = -82.72 (overlapped t, 6 F, 2 CFs), -116.32 (t, 4 F,
2 CH,CR), -126.15 (S, 4 F, 2 CFsCRCF>), -127.74 (s, 4 F, 2 CRCFy).

2-[3,4-Bis(1H,1H,2H,2H,3H,3H,4H ,4H,5H ,5H ,6H ,6H -per fluor odecyl-1-oxy)
benzoylamino]ethan-2-ol 9-2F4e

Synthesized according to the genera procedure 8.3.6
from 6.1.2 (1.4 g, 1.85 mmoal), thionyl chloride (10 FoCa(CHyO ~_OH
mL) and 2-amino ethanol (0.56 g, 9.25 mmol). k
Purified by twice preparative centrifugal thin layer FoC4(CHe0

chromatography (eluent: CHCk/MeOH: 10:0.5).

Yield: 211 mg (14 .3 %); transition temperatures (°C): Cr 71 Cuby, 112 1s0; Co9H33F1s04N
(801). Anal. Cdad.: C, 43.44, H, 4.12, N, 1.75; Found: C, 43.30, H, 4.01, N, 1.62.

'H-NMR (400 MHz; CDCk; J/Hz2): d = 7.39 (d, *J(H, H) 2.15, 1H, Ar-H), 7.26 (dd, *J(H,
H) 1.95, 3J(H, H) 8.4, 1 H, Ar-H), 6.81 (d, 2J(H, H) 8.4, 1 H, Ar-H), 6.56 (br t, 1 H, NH),
4.03 (m, 4 H, OCH), 3.81 (m, 2 H, CHy), 3.60 (m, 2 H, CH;NH), 2.73 (br s, 1 H, OH),
210 (m, 4 H, 2 CH,C4F), 1.86 (m, 4 H, 2 CH,CH,OH), 1.40-1.65 (m, 16 H,
2 CH,CH,;CH,CHy).

13C-NMR (100 MHz; CDCk; J/Hz): d = 168.4 (C=0), 112.4, 113.0, 119.8, 126.9, 149.1,
152.1 (Ar-H), 68.8, 69.0 (CH,OAr), 62.6 (CH,OH), 42.9 (CH2NH), 30.6 (t, CH.CF,),
25.6, 28.7, 28.8, 28.9(CHy).

19F-NMR (188 MHz; CDCk; J/Hz): d = -82.72 (overlapped t, 6 F, 2 CF3), -116.32 (t, 4 F,
2 CH,CR,), -126.15 (s, 4 F, 2 CF:CRCF,), -127.74 (s, 4 F, 2 CRCF).
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8.4 Synthesisof amphiphilic biphenyl derivatives 13 and 16

8.4.1 Synthesis of thesemifluorinated single and double chain bromo
benzenenes 11 and 19

Etherification of 4-bromophenols - general procedure 8.4.1.1: The appropriate
alkylbromide (6.6 mmol) was added to a mixture of the appropriate 4-bromophenal
(6 mmol) and K2COs3 (12 mmol) in dry CHsCN (20 mL) under an argon atmosphere. The
mixture was refluxed for 2 h (TLC). The solvent was evaporated in vacuo. Water (50 mL)
and diethyl ether (50 mL) were added to the residue. The layers were separated, and the
aqueous layer was extracted with Et,O (3" 75 mL), and the combined organic layers were
washed with H,O (3" 50 mL) and dried over N&,SO,. Finally the solvent was evaporated in
vacuo. Purification of the product was done by preparative centrifugal thin layer
chromatography (eluent: CHCL) or recrystallization from petroleum ether.

4-(1H,1H,2H,2H,3H,3H,4H,4H-Per fluor odecyl-1-oxy) bromobenzene 11Fa
Prepared according to the general procedure 8.4.1.1 from
4.2 (5.0 g, 11.0 mmoal), 4-bromophenol (2.85 g, 16.5 Flgca(CHz)LloA@—Br
mmol) and K>CO;s (2.0 g, 14.5 mmol) in dry CH3CN (35
mL). Purification by preparative centrifugal thin layer chromatography (eluent: CHCL).
Yield: 4.83 g (72.9 %); colorless solid; mp: 29 °C; C16H120F13Br (547).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.37 (m, 2 H, Ar-H), 6.78 (m, 2 H, Ar-H), 3.94
(t, J(H, H) 5.66, 1 H, CHAr), 2.08-221 (m, 2 H, CH.CF), 1.87-1.77 (m, 4 H,
CF,CH,CH>CHy).

4-(1H,1H,2H,2H,3H,3H,4H,4H ,5H ,5H ,6H ,6H,7H,7H ,8H ,8H ,9H ,9H ,10H,10H-
Per fluor ohexadecyl-1-oxy)bromobenzene 11Fb
Prepared according to the general procedure 8.4.1.1 | ¢ o (chy. 0 OBr
from 4.4 (5.0 g, 9.28 mmol), 4-bromophenol (2.4 g, 14.5
mmol), KoCO;3 (2.0 g, 14.5 mmol) and KI (0.5 g) in dry CHsCN (35 mL). Purification by
recrystallization from petroleum ether.

Yield: 3.2 g (54.61 %); colorless solid; mp: 44 °C; CaH240F13Br (631).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.36 (d, 2 H, 3J(H, H) 9.0, Ar-H), 6.73 (d, 3J(H, H)
6.7, 2 H, Ar-H), 3.89 (t, 2 H, 3J(H, H) 6.6, OCH,), 1.30-2.17 (m, 18 H, 9 CHy).
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3,4-Bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyloxy) br omobenzene 19

4-Bromo-1,2-dihydroxybenzene 18

A mixture of 4-bromoveratrole (20 g, 92.1 mmol) and BBrs (25
mL) in dry CHCl, (250 mL) was refluxed for 4 h, and stirred for BrQOH
20 h at RT. Water (30 mL) was added carefully, the solvent was

distilled off and the residue was dissolved in diethyl ether (100
mL). The solution was washed with saturated NaHCO;3 solution (2° 30 mL), dried over
Na,S0O, and the solvent was distilled off. Purification of the product was done by fractional
distillation .

Yield: 9.1 g (52.3 %); colorless waxy solid; bp: 120 °C/ 0.21 mbar; CgHsBrO, (189).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.12-6.69 (m, 3 H, Ar-H), 5.83 (m, 2 H, OH).

OH

3,4-Bis(1H,1H,2H,2H,3H,3H,4H,4H-per fluor odecyl oxy) bromobenzene 19
Prepared according to the general procedure 8.4.1.1 from
4.2 (7.72 g, 16.96 mmoal), 18 (1.46 g, 7.71mmol), K;CO3 | Br O(CH,),CeF 13
(2.0, 14.5 mmol) and KI (0.5 g) in dry CH3CN (35 mL). O(CHCoF 15
Purification by preparative centrifugal thin layer
chromatography (eluent: petroleum ether).

Yield: 4.7 g (65.0 %); colorless solid; mp: 38 °C; CysH1902FBr (937).

'H-NMR (200 MHz; CDCk; J/HZ): d = 6.73-7.27 (m, 3 H, Ar-H), 4.03 (m, 4 H, 2 CHy),
1.84-2.26 (m, 12 H, 3 CH,CH,).

8.4.2 Synthesis of the biphenyl 2,2-dimethyl-1,3-dioxolane derivatives 12, 15, 20 and 22

Pd%-catalyzed cross coupling reaction (1) - general procedure 8.4.2: A mixture of the
appropriately substituted bromobenzene (7.41 mmol), benzeneboronic acid (8.89 mmal),
Pd(PPhs)4 (0.25 g), ethyleneglycoldimethylether (45 mL), and saturated NaHCO3 solution
(35 mL) was refluxed for 6 h under an argon atmosphere. After staying over night a RT,
the precipitate was filtered, and dissolved in chloroform (50 mL). The solution was dried
over NaSQ;,, filtered through silica gel and the silica gel was washed thoroughly with
chloroform (100 mL), the solvent was evaporated and the product was purified as described
below.

4-[4¢(1H,1H,2H,2H,3H,3H ,4H ,4H-Per fluor odecyloxy)biphenyl-4-yloxymethyl] -
2,2-dimethyl-1,3-dioxolane 12Fa
Prepared according to the general procedure

O
8.4.2 from 11Fa (2.1 g, 3.84 mmol), 49b.1 (1.16 /—C )<
F13C6(CH2)4O ©
g, 46 mmol), glyme (40 mL), saturated
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NaHCOs solution (30 mL), Pd(PPhs)4 (0.1 ). Purification by recrystallization from CHC.
Yield: 0.9 g (35.9 %); yellow oil; CogH2704F 13 (674).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.43 (m, 4 H, Ar-H), 6.94 (m, 4 H, Ar-H), 54.51-
3.86 (m, 7 H, OCH,, OCH,OCHCH0), 1.80-2.25 (m, 4 H, CF,CH,CH3), 1.45, 1.39 (2 s, 6
H, 2 CHs).

4-[4¢(1H,1H,2H,2H,3H,3H,4H ,4H ,5H,5H,6H ,6H,7H,7H,8H,8H,9H,9H,10H,10H-
Per fluor ohexadecyloxy)biphenyl-4-yloxymethyl] -2,2-dimethyl-1,3-dioxolane
12Fb

Prepared according to the generd
procedure 8.4.2 from 11Fb (1.0 g, 1.58 /—[OO><
mmol), 49b.1 (0.48 g, 1.90 mmol), glyme FBCG(CHZ)W@_@O

(20 mL), saturated NaHCO; solution (15 mL), Pd(PPhs)s (0.1 g). Purification by
recrystallization from CHCb.

Yield: 0.9 g (75 %); transition temperatures (° C): Cr 104 SmA 134 1s0; Cz4H3904F13 (758).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (m, 4 H, Ar-H), 6.94 (m, 4 H, Ar-H), 4.48-3.89
(m, 7 H, 2 ArOCH;,, CHCH0), 1.60-2.25 (m, 18 H, 9 CH,), 1.39, 1.46 (2 s, 6 H, 2 CHg).
19F-NMR (188 MHz; CDCk; J/Hz): d = -82.34 (overlapped t, 3 F, CF3), -115.85 (m, 2 F,
CH,CFy), -123.52 (m, 2 F, CH,CF,CF), -124.48 (s, 2 F, CRCRCF,CF,), -125.16 (s, 2 F,
CF,CF,CF3), -127.72 (m, 2 F, CF3CF).

4-{ 4 4¢(1H,1H,2H,2H,3H,3H ,4H,4H-Per fluor odecyl oxy)biphenyl-4-yloxy] -2-
oxabutyl} -2,2-dimethyl-1,3-dioxolane 15Fa

Prepared according to the genera

procedure 8.4.2 from 4-[4-(4- . o L, :;jg(
bromophenyloxy)-2-oxa-butyl]-2,2- 2\1—2{_/0/_\0 /
dimethyl-1,3-dioxolane 14 (1.16 g, N R

3.5mmol), 49a.2 (1.66 g, 3.24 mmol), glyme (30 mL), saturated NaHCOj3 solution (20 mL),
Pd(PPhg)4 (0.1 g). Purification by recrystallization from ethyl acetate/methanol 10:2.

Yield: 1.25 g (53.6 %); transition temperatures (°C): Cr 101 SmA 121 1s0; GoHzOsFi3
(718). Anal. Calcd.: C, 50.14, H, 4.32; Found: C, 50.06, H, 4.76.

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (m, 4 H, Ar-H), 6.93 (m, 4 H, Ar-H), 4.33-3.56
(m, 11 H, ArOCH,CH,0CH,CHCH;, ArOCH>), 2.23-2.02 (m, 2 H, CH,CF>), 1.92-1.78
(m, 4H, CH,CH,), 1.35,1.42 (2 s, 6 H, 2 CHg)

13C-NMR (100 MHz; DMSO-Dg, JHz): d = 158.12 (Ce), 158.07 (C7), 133.74 (Cu),
133.83(C12), 127.85 (Cg, Cio), 127.80 (C13, Ca), 115.02 (C7, Gg), 114.83 (C1s, Ci6), 109.53
(tert-C), 79.76(Cs), 72.50 (C1g), 70.13 (Cy), 67.52 (C>), 67.27 (Cs), 66.76 (C1), 30.85 (Cx),
28.65 (C19), 26.67 (CHg), 25.29 (CHs), 15.1 (C).
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19E.NMR (188 MHz; DMSO-Dg; J/Hz): d = -82.34 (overlapped t, 3 F, CFs), -115.97 (m, 2
F, CHoCR), -123.52 (s, 2 F, CH,CFCFy), -124.50 (s, 2 F, CFsCFR.CF.CF>), -125.16 (s, 2 F,
CF>CF.CFs), -127.74 (m, 2 F, CF3CF>).

4-{ 4{4¢(1H,1H,2H,2H,3H,3H,4H ,4H ,5H ,5H ,6H ,6H,7H,7H ,8H ,8H,9H,9H,10H,10H-
Per fluor ohexadecyloxy)biphenyl-4-yloxy] -2-oxabutyl} -2,2-dimethyl-1,3-dioxolane
15Fb

Prepared according to the genera

procedure 8.4.2 from 4[4-(4¢ j)&
bromophenyl-4-oxy)-2-oxa-butyl]-2,2- Flgcs(CHz)looo/_\o °
dimethyl-1,3-dioxolane 14 (0.66 g, 2.0
mmol), 49a.3 (1.1 g, 1.85 mmol), glyme (20 mL), saturated NaHCO;3 solution (12 mL),
Pd(PPhg)4 (0.1 g). Purification by recrystallization from ethyl acetate/methanol 10:2.

Yield: 0.90 g (60.4 %); transition temperatures (°C): Cr 95 SmA 105 1s0; GigHa3OsF13
(806).

'H-NMR (200 MHz; CDCk; JHZ): d = 7.42-7.51 (m, 4 H, Ar-H), 6.96-6.89 (m, 4 H, Ar-
H), 4.36-3.47 (m, 9 H, CH,OAr, OCH,CH,OCH,CHCH0), 2.15-1.41 (m, 18 H, 9 CH,),
1.35,1.31(2s,6 H, 2 CHs).

4-[ 3¢4¢Bis(1H,1H,2H,2H,3H,3H,4H ,4H ,-per fluor odecyl oxy)biphenyl-4-yloxymethyl] -
2,2-dimethyl-1,3-dioxolane 20Fa

Prepared according to the genera
procedure 8.4.2 from 19 (1.5 g, 1.60 Co><

mmol), 49b.1 (0.48 g, 1.90 mmol), glyme | £ _c cH,,0 O Q 4 o
(20 mL), saturated NaHCO3 solution (15

mL), Pd(PPhs)s (0.1 g). Purification by
preparative centrifugal thin layer chromatography (eluent: CHCB).

Yield: 1.2 g (70.6 %); transition temperatures (°C):Cr < 20 Col 65 1s0; CzgH3405F2 (1064).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.47 (m, 2 H, Ar-H), 7.08 (m, 1 H, Ar-H), 6.94 (m,
4 H, Ar-H), 4.48 (m, 1 H), 4.18-3.65 (m, 9 H, 2 CH,0, OCH,CHCH0), 2.23-1.82 (m, 12
H, 6 CH,), 1.46, 1.40 (2 s, 6 H, 2 CH3).

F13C6(CH)40
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4-{ 4 3¢4¢Bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyloxy)biphenyl-4-yloxy]
-2-oxabutyl} -2,2-dimethyl-1,3-dioxolane 22Fa
Prepared according to the generd

procedure 8.4.2 from 19 (1.0 g, 1.07 Oﬁ
mmol), 49b.2 (0.3 g, 1.07 mmol), I\ }o
glyme (20 mL), saturated NaHCO; | FwceCHO © 0°
solution (12 mL), Pd(PPhs)s (0.1 g). F13Ce(CH2):0

Purification by preparative centrifugal thin layer chromatography (eluent: CHCL).

Yield: 1.33 g (59.1 %); mp: 60 °C; C4oH330sF26 (1180).

1H-NMR (200 MHz; CDCk; J/Hz): d = 7 .49 (m, 2 H, Ar-H), 7.28 (m, 1 H, Ar-H), 7.05 (m,
1 H, Ar-H), 6.84 (m, 3 H, Ar-H), 4.31-3.54 (m, 11 H, OCH,CH,OCHCH,0, 2 OCHy),
2.22-1.60 (M, 12 H, 6 CHy), 1.42, 1.35 (2's, 6 H, 2 CHa).
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8.4.3 Synthesis of theamphiphilic biphenyl derivatives 13 and 16

Hydrolysis of isopropylidene acetals - general procedure 8.4.3: A mixture of the
appropriate 2,2-dimethyl-1,3-dioxolane derivative (1.04 g, 1.27 mmol) and 10% HCl (1
mL) in EtOH (20 mL) was refluxed for 3 h (TLC). The solvent was evaporated in vacuo,
the residue was dissolved in ethyl acetate (100 mL), the solution was washed with saturated
NaHCO3 (2" 30 mL), HO (2° 30 mL) and brine (2" 30 mL). The organic layer was dried
over NaSOy, and the solvent was evaporated in vacuo. The products were purified by
recrystallization.

6-[4¢(1H,1H,2H,2H,3H,3H,4H ,4H-Per fluor odecyl oxy)biphenyl-4-yloxy] 4-oxahexane-

1,2-diol 16-1Fg4

Prepared according to the genera

procedure 8.4.3 from 15Fa (1.2 g, 1.67 L 5_0
F13C

mmol), 10 % HCl (1 mL), EtOH (40 \—\J "—.

mL). Purification by recrystalization I

from EtOH.

Yield: 332 mg (29.4 %); transition temperatures (°C): Cr 147 Colx; 152 Colx, SmC 158

SmA 219 Is0; Cy7H270sF 13 (678). Andl. Caled.: C, 47.79, H, 3.98; Found: C, 47.94, H, 4.15.

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.50 (d, 2J(H, H) 8.6, 4 H, Ar-H), 6.97 (m, 4 H,

Ar-H), 4.64 (d, 1 H, 3J(H, H) 5.1, sec.OH), 4.48 (t, 1 H, 3J(H, H) 5.5, prim. OH), 4.11 (t,

3J(H, H) 4.3, 2 H, ArOCHy), 4.05 (t, 2 H, 2J(H, H) 6.1, ArOCH,), 3.74 (t, J(H, H) 4.7, 2 H,

ArOCH,CH-0), 3.57 (m, 1 H, CHOH), 3.47-3.26 (m, 4 H, HOCH, CH,0), 2.35 (m, 2 H,

CH,CF), 1.85(m, 2 H, CHy), 1.70 (m, 2 H, CHp).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 157.8 (Cs, Ci7), 132.5 (C1u1, Ci2), 127.3 (Co,

Ci0, C13, Cwa), 115.0 (C7, Cg), 114.9 (C1s, Ci6), 72.8 (Cs), 70.6 (C1g), 69.2 (Ca), 67.3 (Cy),

67.0 (C3), 63.1 (C1), 30.9 (C21), 27.7 (C19), 16.6 (C20).

9F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.07 (overlapped t, 3 F, CFs), -110.27 (m, 2

F, CH.CF), -118.61(s, 2 F, CH,CF:CF,), -119.54 (s, 2 F, CRsCF» CF5CF>), -119.30 (s, 2 F,

CF,CF,CF3), -122.63 (m, 2 F, CFsCF>).

3-[4¢(1H,1H,2H,2H,3H,3H,4H ,4H-Per fluor odecyl oxy)biphenyl-4-yloxy] pr opane-1,2-
diol 13-1Fg4

Prepared according to the general procedure | r c AN H g /s_é_ OHs
8.4.3 from 12Fa (850 mg, 1.26 mmol), 10 PN N0 O
% HCI (1 mL), EtOH (20 mL). Purification Hh HiHd  Ha

by recrystallization from CHC.
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Yield: 137 mg (17.1 %); transition temperatures (°C): Cr 175 SmA 242 1s0; CsH2304F3
(634). Anal. Calacd..C, 47.32, H, 3.63; Found: C, 47.22, H, 3.79.

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.50 (d, 4 H, 3J(H, H) 8.0, Hc, Hg, He, Hr), 6.97
(M, 4 H, Hy, Hy, Hg, Hn), 4.94 (d, 1 H, 3J(H, H) 5.3, OHa), 4.65 (t, 1 H, J(H, H) 5.7, OHg),
4.05-3.99 (m, 5 H, CHOH, CH,0, CH,OH), 3.44 (t, 2 H, %J(H, H) 5.7, OCH,), 2.26-2.40
(m, 2 H, CF,CHy), 1.66-1.87 (m, 4 H, CH>CH>CH,CF>).

13C-NMR (100 MHz; DM SO-Dg; J/Hz): d = 158.1 (C4), 157.8 (C1s), 132.4 (Co, C1o), 127.3
(C7, Gg), 127.3 (C11, Cr2), 115.0 (Cs, Cs), 114.9 (Cy3, Cus), 70.0 (C3), 69.7 (C16), 67.0 (Cy),
62.7 (C1), 38.9 (C1g), 27.7 (C17), 16.6(C1s).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.09 (overlapped t, 3 F, CFs), -110.27 (m, 2
F, CH,CR,), -118.61 (s, 2 F, CH2CF.CFy), -119.54 (s, 2 F, CF3 CF,CF,CF»), -119.93 (s, 2
F, CF.CF,CF3), -122.63 (m, 2 F, CF3CF>).

3-[3¢4¢Bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl oxy)biphenyl-4-yloxy]
propane-1,2-diol 13-2F¢4
Prepared according to the general procedure

8.4.3 from 20Fa (1.0 g, 0.94 mmol), 10 % . ':“ ':b e
HCI (1 mL), EtOH (40 mL). Purification by Fnce—za/i\&o “ O OH
recrystallization from EtOH. FisCe—~ O Ha  Ha

Yidd: 132 mg (137 %); transition
temperatures (° C): Cr 87 Col 137 1s0; C3sH30OsF26 (1025).

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.47 (m, 2 H, Ar-H), 7.08 (m, 1 H, Ar-H), 6.96-6.85
(m, 4H, Ar-H), 4.13 (m, 5 H, OCH,CHOHCH,0H), 3.87-3.64 (m, 4 H, 2CH,;0), 2.15 (m, 4
H, 2CF,CH5), 1.94 (m, 4 H, 2 CH,CH,CF>), 1.55 (m, 4 H, 2 CH,).

13C-NMR (100 MHz; CDCk; J/Hz): d = 157.9 (C4), 152.6 (C1g), 145.8 (C1s), 136.2 (Co),
134.5 (C1p), 130.7 (Cg), 128.1 (C12), 124.2 (C7), 122.9 (C11), 119.7 (Cs), 114.9 (C13), 114.2
(Cs), 72.0 (C3), 70.3 (Cy), 69.2 (C15), 68.0 (Cy), 63.7 (C1), 30.6 (C1s,Cx3), 29.5 (C16), 28.8
(C21),17.3 (Cx), 17.0 (Ce).

19F-NMR (188 MHz; CDCk; J/Hz): d = -77.95 (overlapped t, 3 F, CF3), -110.97 (m, 2 F,
CH.CR,), -119.06 (s, 2 F, CH,CRCF»), -120.16 (s, 2 F, CRCFR,CF,CFy), -120.26 (s, 2 F,
CF,CF,CF3), -123.27 (m, 2 F, CF3CF).
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6-[ 3¢4¢Bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyloxy)biphenyl-4-yloxy] 4-
oxahexane-1,2-diol 16-2Fg/4
gH He Hc Hb

Prepared according to the general

procedure 8.4.3 from 22Fa (1.33 g, F13C6 %

1.20 mmol), 10 % HCl (1 mL), F13C6—20/q_\—0 " heH HO  OHs
EtOH (50mL). Purification by
recrystallization from ethyl acetate/hexane 3:5.

Yield: 147 mg (11.4 %); transition temperatures (°C): Cr < 20 Col 145 1s0; Gs7H3406F2
(1069).

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.29 (m, 2 H, Ar-H), 6.68-6.98 (m, 5 H, Ar-H),
464 (m, 1H, OHp), 447 (m, 1 H, OHg), 397-326 (m, 13 H,
ArOCH2CH>0CH,;CHCH,0H, 2 OCHy), 2.07 (m, 4 H, 2 CH,CF,), 1.60 (m, 8 H, 2
CH,CH,CH.CF,).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 157.8 (C21), 152.2 (C¢), 148.8 (Cis), 147.8
(C11), 145.0 (C12), 135.0 (C14), 130.2 (Cy3), 130.0 (Co), 127.3 (C10), 124.0 (Cys), 114.7 (C7),
113.9 (Cg), 72.8 (C2, Ci7), 70.56 (Cs), 69.2 (C4), 68.0 (Cy), 67.2 (C3), 63.1 (C1), 29.5 (Cy,
Cx), 28.7 (C1g, Cp4), 16.50 (Cz3, Cisg).

19F-NMR (188 MHz; DMSO-Dg): d = -79.48 (overlapped t, 6 F, 2 CFs), -111.67 (m, 4 F, 2
CH,CFR,), -119.68 (s, 4 F, 2 CH,CF,CF,), -120.80 (s, 4 F, 2 CRCFR,CF,CF,), -121.15 (s, 4
F, 2 CF,CF,CF3), -124.30 (m, 4 F, 2 CF3CF»).

6-[4¢(1H,1H,2H,2H,3H,3H,4H ,4H ,5H,5H ,6H,6H,7H,7H,8H,8H,9H,9H,10H,10H-
Per fluor ohexadecyloxy)biphenyl-4-yloxy] 4-oxahexane-1,2-diol 16-1Fg10
Prepared according to the genera
procedure 7.4.3 from 15Fb (056 g, 069 | HQ oH =~

mmol), 10 % HCI (1 mL), EtOH (40 mL). L<_O/_\o n 11701(80.4310%3
Purification of the product was done by T Mo
recrystallization from EtOH.

Yield: 151 mg (28.5 %); transition temperatures (°C): Cr 149 (Colx; 148) Colxp 168 SmA
203 Is0; Cz3H390sF13 (762).

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.46 (m, 4 H, Ar-H), 6.96 (m, 4 H, Ar-H), 4.15 (t,
3J(H, H 4.69, 2 H, ArOCH,CH,0), 3.97 (t, 3J(H, H) 6.64, 2 H, ArOCH,), 3.88 (m, 3 H,
ArOCH,CH,0, CH); 3.65 (m, 4 H, OCH,CHOHCH,0H), 2.65 (br s, 2 OH), 2.06 (m, 4 H,
2 CHy), 1.80 (m, 2 H, CH,), 1.24-1.61 (m, 12 H, 6 CHy).

13C-NMR (100 MHz; CDCk; J/Hz): d = 158.6 (Cs), 157.9 (C17), 134.3 (C11), 133.4 (C1),
127.9 (Co, Cip), 127.8 (C13, C4), 115.1(C7, Cs), 115.0 (C15,C1s), 73.2 (Cs), 70.6 (Cyg), 70.23
(Cy), 68.2(C»), 67.6 (C3), 64.1 (Cy), 30.9 (C27), 29.6, 29.4, 29.3, 29.2, 29.0, 26.0, 20.1, 17.0
(C]_g-Cze).
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19E.NMR (188 MHz; CDCk; J/Hz): d = -82.47 (overlapped t, 3 F, CFs), -115.71 (m, 2 F,
CH,CF), -123.45 (M, 2 F, CH,CF>CF>), -124.40 (s, 2 F, CFsCR.CF.CF,), -125.08 (s, 2 F,
CF,CF.CFs), -127.64 (m, 2 F, CFsCF>).

3-[4¢(1H,1H,2H,2H,3H,3H ,4H,4H ,5H ,5H,6H,6H,7H,7H ,8H,8H,9H,9H,10H,10H-
Per fluor ohexadecyloxy)biphenyl-4-yloxy] propane-1,2-diol 13-1Fg/10
Prepared according to the general procedure 7.4.3

from 12Fb (0.8 g, 1.06 mmol), 10 % HCI (1 mL), /_(_OH
EtOH (40 mL). Purification of the product by | FiCeCH2i0 Q Q O OH

recrystallization from EtOH.
Yield: 231mg (30.4 %); transition temperatures (°C): Cr 168 SmA 225 1s0; C31H3504F13
(718).

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.44 (m, 4 H, Ar-H), 6.94 (m, 4 H, Ar-H), 4.08-3.77
(m, 7 H, ArOCH,CHOHCH,0H, ArOCH,), 2.51 (br s, 2 OH), 2.01 (m, 4 H, 2 CHy), 1.79
(m, 2H, CH), 1.19-1.78 (m, 12 H, 6 CHy).
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8.5 Synthesisof the semifluorinated pentaerythritol benzoates 27, 28 and
29

8.5.1 Ethyl 3-hydroxy-4-(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy)benzoate
24

Under an argon atmosphere, a solution of ethyl 3,4- F11Ce(CH).0 QCOOCZHS
dihydroxybenzoate (.37 g, 7.5 mmol), dry

triphenylphosphine (5.9 g, 22.5 mmoal), and 3.2 (8.82 g,
22.5 mmoal) in dry THF (80 mL) was cooled to 0-5 °C.
DEAD (3.54 mL, 22.5 mmol) was added dropwise through a spectrum during 30 min. The
mixture was alowed to reach RT and was stirred for two days a RT. The solvent was
evaporated, HO was added to the oily residue, the precipitated was filtered, and washed
with water.

Yied: 1.5 g (36.0 %); gray solid; mp: 118 °C; Ci9H17F1304 (556).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.60 (m, 2 H, Ar-H), 6.8 (m, 1 H, Ar-H), 4.30 (g,
3J(H, H) 7.2, 2 H, OCH,CHs), 4.13 (t, 3J(H, H) 6.3, 2 H, OCH,CH,), 2.20 (m, 2 H,
CsF13CH3), 1.90 (m, 4 H, 2 CHy), 1.38 (t, 3 H, CH,CHy3).

HO

Ethyl 3-decyloxy-4-(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy)benzoate 25
Prepared according to the general procedure 8.3.4 from
24 (1.0 g, 1.8 mmol), 1-bomodecane (0.44 g, 2 mmol), F13CG(CH2)4OQCOOCZH5
and K,CO3 (0.5 g, 3.6 mmol) in dry DMF (20 mL). H21C100

Purification by recrystallization from petroleum ether.

Yield: 0.7 g (56.0 %); colorless solid; mp: 49 °C; CygHs7F1304 (697).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.62 (dd, 3J(H, H) 8.4, “J(H, H) 1.9, 1 H, Ar-H),
7.45 (d, *J(H, H) 1.9, 1 H, Ar-H), 6.82 (d, 3J(H, H) 8.6, 1 H, Ar-H), 4.25 (g, J(H, H) 7.2,
2 H, OCH2CH3), 4.00 (m, 4 H, OCHz(CH2)3C6F13, OCHz(CH2)8CH3), 2.20 (m, 2 H,
CsF13CH>), 1.90 (m, 6 H, CH2CH2>CH,CsF13, OCH,CH»CgH17), 1.40 (t, 2J(H, H) 7.2, 3 H,
CH3CH,0CO0), 1.20 (m, 14 H, OCH,CH,(CH;)7CHs), 0.9 (t, 3 H, O(CH,)9CH3).

3-Decyloxy-4-(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy)benzoic acid 26
Prepared according to the general procedure 8.3.5 from 25
(0.7 g, 1.00 mmoal), 95 % EtOH (10 mL), 10 N aqueous
KOH (1 mL). The purification of the product was done by
recrystallization from ethanol.

Yield: 0.60 g (89.8 %); colorless solid; mp: 91-92 °C; Cy7H33F130, (668).

F13Ce(CH,),O COOH

H21C lOO
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'H-NMR (200 MHz, DMSO-Dg, J/Hz): d = 7.50 (dd, 3J(H, H) 8.4, “J(H, H) 1.8, 1 H, Ar-
H), 7.45 (d, “J(H, H) 1.8, 2 H, 2 Ar-H), 4.10 (m, 2 H, OCH2(CH,)3CsF13), 3.90 (t, 3J(H, H)
6.1, 2 H, OCH2(CH,)sCHs), 2.25 (m, 2 H, CsF13CH>), 1.70 (m, 6 H, CH2CH,CH,CsFus,
OCH2CHCgH17), 1.25 (m, 14 H, OCH,CHx(CH2),CHs), 0.8 (t, 2J(H, H) 65, 3 H,
O(CH,)oCH3).

Esterification - general procedure 8.5.1: A suspension of the appropriate polyhydroxy
49b

compound [pentaerythritol or 2,2-bis(3,4-didecyloxybenzyloxymethyl)-1,3-propanediol]
was stirred at 20 °C in an 1:1 mixture of dry CH,Cl, and Freon 113 (7 mL for each OH-
group and each mmol polyhydroxy compound). 1-2 Equivalents of the appropriately
substituted benzoic acid, 1-2.4 equivaents of CMC per OH-group and a catalytic amount of
DMAP (20 mg) were added, the mixture was stirred for 72 h at 20 °C and afterwards
washed once with water. The aqueous phase was extracted with CH,Cl, (20 mL). The
combined organic layers were dried over NaSO, and the solvent was removed in vacuo.
The crude product was purified by preparative centrifugal thin layer chromatrography

(Chromatotron, Harrison Research, eluent: CHC).

1,3-Big4-(1H,1H,2H,2H,3H,3H,4H,4H,5H,5H,6H,6H-per fluor odecyl-1-oxy)
benzoyloxy]-2,2-big4-(1H,1H,2H,2H,3H,3H ,4H ,4H ,5H ,5H ,6H ,6H-per flu-

or odecyl-1-oxy)benzoyloxylmethyl]propane 27-1F4s

Synthesized according to the genera

procedure 8.5.1 from pentaerythritol (20 mg, O(CHz)sCaFo
0.15 mmol), 6.1.1 (0.27 g, 0.6 mmol), CMC O§/©/

(0.7 mmol, 0.3 g), and DMAP (20 mg) in a | FC«CHX0
1:1 mixture of dry CH,Cl, and Freon 113 © \O y
(20 mL). o

O

Yield: 101 mg (36.9 %); transition

temperatures (°C): Cr < 20 Cuby, 49 Iso; FC A O(CH2)6CaFg

Cr3H72F3012 (1825). Anal. Calcd.: C, 48.03,
H, 3.95; Found: C, 48.16, H, 3.97.

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.94 (d, 3J(H, H) 8.8, 8 H, Ar-H), 6.86 (d, J(H, H)
8.9, 8H, Ar-H), 4.62 (s, 8 H, 4 CH,C), 3.98 (t, *J(H, H) 6.3, 8 H, 4 OCH,), 2.19-1.83 (m, 8
H, 4 OCH,CH>), 1.77-1.80 (m, 8 H, 4 CH,CgF13), 1.73-1.24 (m, 24 H, 4 CH,CH,CHy).
13C-NMR (100 MHz; CDCk; J/Hz): d = 166.0 (C=0), 163.3, 131.8, 121.8, 118.3 (Ar-C),
67.9 CH,OC=0), 63.3 (CH,OH), 43.0 (quart C), 30.9, 30.7, 30.4 (t, 2J(C, F) 228,
CF,CHy), 25.6, 25.0 (CH>), 20.0 (CHy).

19F-NMR (188 MHz, CDCk J/Hz): d = -82.7 (overlapped t, 12 F, 4 CF3), -116.2 (t, 8 F, 4
CH,CR,), -126.1 (s, 8 F, 4 CFsCF,CF»), -127.7 (m, 8 F, 4 CF3CF>).
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1,3-Big4-(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyloxy)benzoyl-1-oxy]-2,2-big[ 4-
(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy)benzoyloxymethyl]propane

27-1Fe14

Synthesized according to the generad
procedure 8.5.1 from pentaerythritol (20
mg, 0.15 mmol), 6.2.1 (0.3 g, 0.6 mmoal),
CMC (0.3 g, 0.7 mmoal), and DMAP (20
mg) in a 1.1 mixture of dry CH,Cl, and
Freon 113 (20 mL).

Yield: 100 mg (315 %); transition
temperatures (°C): Cr 59 SmA 88 Iso;

O(CH2)4C6F 13
AT
F13C6(CH2)40 0]
O
(@] ) o
O

F13Ce(CH2)40

O(CH2)4C6F 13

C73Hs6F52012 (2113). Anal. Calcd.:C, 41.46, H, 2.65; Found: C, 41.79, H, 2.94.
'H-NMR (400 MHz; CDCk; J/Hz): d = 7.94 (d, 3J(H, H) 9.0, 8 H, Ar-H), 6.86 (d, J(H, H)
9.0, 8 H, Ar-H), 4.62 (s, 8 H, 4 CH,C), 4.04 (t, 3J(H, H) 6.3, 8 H, 4 CHy), 2.24 (m, 8 H, 4

CHy), 1.85 (m, 16 H, 4 CHhCHy).

13C-NMR (100 MHz; CDCk; J/H2): d = 166.9 (C=0), 164.0, 132.9, 123.07, 115.24 (Ar-C),
68.39 (CH,OC=0), 64.41 (CH,OH), 43.99 (quart C), 31.79 (t, 2J(C, F) 22.4, CF.CHy),

29.46 (CH,CH,CF>), 18.14 (CHy).

19F-NMR (188 MHz; CDCk; J/Hz): d = -82.38 (overlapped t, 12 F, 4 CFs), -116.08 (t, 8 F,
4 CH,CR), -123.52 (s, 8 F, 4 CF3(CF.)sCF»), -124.48 (s, 8 F, 4 CRs(CF,),CF>), -125.14 (s,
8 F, 4 CF3CF.CF>), -127.72 (s, 8 F, 4 CFsCF>).

1,3-Bis(3-decyloxy-4-1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl oxybenzoyl-1-oxy)-
2,2-bis(3-decyloxy-4-1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-

oxybenzoyloxymethyl)propane 28

Synthesized according to the
general  procedure 85.1 from
pentaerythritol (175 mg, 0.13

mmol), 26 (0.9 g, 1.34 mmoal),
CMC (0.6 g, 1.4 mmol), and DMAP
(20 mg) in a 1.1 mixture of dry
CHCl, and Freon 113 (20 mL).

Yield: 251 mg (70.6 %); transition

C10H2,0 O
O _Aum
CeF13(CH,) 0 \); \O O

O(CH2)4CeF13
] OC0H21

o o}
9 O(CH2)4CeF 13
C1oH210
OC yoHz
CeF13(CH,),0

temperatures (°C): Cr < 20 Col, 108

Is0; C113H136F52016 (2738). Anal. Calcd.: C, 49.52, H, 4.98; Found: C, 49.76, H, 5.03.
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'H-NMR (400 MHz; CDCk; J/Hz): d = 7.57 (dd, 3J(H, H) 8.4, “J(H, H) 2.0, 4 H, Ar-H),
7.47 (d, “2J(H, H) 1.8, 4 H, Ar-H), 6.78 (d, 3J(H, H) 8.6, 4 H, Ar-H), 4.61 (s, 8 H, 4 CCHy),
4.06 (t, 2J(H, H) 5.7, 8 H, 4 OCH,CHy), 3.98 (t, 2J(H, H) 6.4, 8 H, 4 OCH,CH,) 2.12-2.22
(m, 8 H, 4 OCH,CHy), 1.90-1.93 (m, 8 H, 4 OCH,CH,), 1.74-1.84 (m, 16 H, 4
(CH2)2CsF13), 1.24-1.55 (m, 56 H, 4 (CH2)7CHs), 0.90 (t, 2J(H, H) 6.4, 12 H, 4 CHa).
13C-NMR (100 MHz; CDCk; J/Hz): d = 167.0 (CO), 154.2, 150.0, 124.6, 123.2, 115.2,
113.2 (Ar-C), 69.3, 70.2 (ArOCH;), 64.3 (CH,OH), 43.5 (quart C), 31.6 (t, 2J(C, F) 22.4,
30.5, 30.3, 30,2, 30.1, 29.5, 26.9, 23.5, 18.2 (CH,), 14.8 (CHa).

F-NMR (188 MHz; CDCk; J/Hz): d = -82.40 (overlapped t, 12 F, 4 CFs), -115.93, -
116.00, -116.08 (t, 8 F, 4 CH,CF,), -123.54 (s, 8 F, 4 CF3(CR)sCF2), -124.50 (s, 8 F, 4
CF3(CF)2CF»), -125.04 (s, 8 F, 4 CFsCF.CF>), -127.76 (S, 8 F, 4 CF:CF>).

1,3-Big[3,4,5-tris(1H,1H,2H,2H,3H,3H ,4H,4H ,5H ,5H,6H,6H -per fluor odecyl-1-oxy)
benzoyl-1-oxy]-2,2-big[3,4,5-tris(1H,1H,2H,2H,3H,3H,4H,4H ,5H,5H ,6H ,6H-

per fluor odecyl-1-oxy) benzoyloxymethyl]propane 27-3F4s

Synthesized according to the general

procedure 8.5.1 from pentaerythritol (CH2)6C s
(20 mg, 0.15 mmol), 6.1.3 (0.65 g, 0.6 (CHCFs
mmol), CMC (0.3 g, 0.7 mmoal), and O(CHACFo O O(CH2)sC4Fg
. . FoC4(CH2)s0

DMAP (20 mg) in a 1:1 mixture of dry VC

O
CHCl, and Freon 113 (20 mL). FoCa(CH2)6O 5 O(CH)CaFe
Yield: 165.1mg (25.2 %); transition CHICAE
temperatures C): Cr < 20 Cubj, 73 FoCa(CH2)60 s

O(CHeC
150, CissHioFieOz (4371). Andl. ECACHC (CrdecFs
O(CHo)eCaF o

Calcd.: C, 42.03, H, 3.66; Found: C,
42.18, H, 3.64.

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.24 (s, 8 H, Ar-H); 4.58 (s, 8 H, 4 CCH,), 3.97 (t,
3J(H, H) 6.45, 24 H, 12 OCHy), 2.07-1.79 (m, 24 H, 12 OCH,CH>), 1.65-1.36 (m, 96 H, 12
(CH2)4C4F9).

13C-NMR (100 MHz; CDCk; J/HZ): d = 166.9, 154.0, 144.0, 125.1, 109.3 (Ar-H), 69.9,
74.2 (CH,00C), 64.1, 61.9 (OCH,), 44.3 (quart C), 32.6 (t, 2J(C, F) 22.4 ), 31.35, 30.94,
30.57, 29.97, 29.80, 29.70, 26.69, 26.65, 20.96, 15.18 (CH,).

19F-NMR (188 MHz; CDCk; J/Hz): d = -82.92 (overlapped t, 36 F, 12 CFs), -116.39 (t, 24
F, 12 CH,CF,), -126.63 (s, 24 F, 12 CFsCR.CF>), -127.86 (m, 24 F, 12 CF3CFy).
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1,3-Big3,4,5-tris(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy) benzoyloxy]-2,2-
big3,4,5-tris(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy) benzoyl oxy

methyl]propane 27-3Fg/4

Synthesized according to the general
procedure 8.5.1 from pentaerythritol
(20 mg, 0.15 mmal), 6.2.3 (0.77 g, 0.6
mmol), CMC (0.3 g, 0.7 mmoal), and
DMAP (20 mg).

Yield: 212 mg (27.0 %); transition
temperatures (°C): Cr 36 Cub;,.101 Iso;
Cis3H112F156 020 (5234). Anal. Cacd.:

F1C6(CH2)4

F13C6(CH2)40

O(CH24C6F 13
O(CH2)4CeF13

(o]
O(CHY L6F13 O(CH2)4CeF13

0 0

O O(CH24CeF 13

F13C6(CH,),0

O, O
O\%-\ o
O"f 50 (CH2)4C6F 13

O(CH24C6F13

F13C6(CH )40
13C6(CH2)4 O(CHy)CeF 13

C, 35.08, H, 2.14; Found: C, 34.88, H,
2.27.

1H-NMR (400 MHz; CDCh; JIHz): d = 7.26 (s, 8 H, Ar-H), 4.64 (s, 8 H, CCHy), 3.99 (t,
3)(H, H) 5.1, 24 H, 12 OCH,), 2.17 (m, 24 H, 12 OCH,CH,), 1.85 (m, 48 H, 12
13C-NMR (100 MHz; CDCk; J/Hz): d = 166.7 (C=0), 153.8, 143.6, 125.4, 109.1 (Ar-C),
69.4, 73.7 (CH,00C), 65.0 (OCHy), 44.0 (quart C), 31.7 (t, 2J(C, F) 22.4), 30.57, 29.64,
18.12 (CHo).

19F.NMR (188 MHz, CDCk): d = -82.72 (overlapped t, 36 F, 12 CFs), -116.34 (t, 24 F, 12
CH,CF), -123.78 (S, 24 F, 12 CF3(CF2)sCF>), -124.48 (s, 24 F, 12 CF5(CF.),CF>), -125.14
(S, 24 F, 12 CFsCR.CF,), -127.72 (s, 24 F, 12 CFsCF>).

1,3-Big[3,4-bis(1H,1H,2H,2H,3H,3H,4H ,4H-per fluor odecyl-1-oxy)benzoyl oxy]-2,2-
big[3,4-didecyl-1-oxybenzyloxymethyl]pr opane 29
OCaoH21
(©:0 CaoHo1

Synthesized according to the general
procedure 85.1 from 2,2-bis(3,4-

didecyloxybenzyloxymethyl)-1,3-
propanediol (0.173 mg, 0.185 mmoal),
6.2.2 (0.5 g, 0.55 mmoal), CMC (0.19 g,
0.44 mmol), and DMAP (20 mg).

Yied: 128 mg (25.6 %); transition
temperatures (°C): Cr 19 Col,, 31 Col, 63
Is0.

F13C6(CH2)40,
o] 'y
F13C6(CH2)40 \
(@] o o
O

CioHay

OCyoHz

F 15Co(CH,),0
BT O(CHY4CoF13

C113H140014F52 (2710) Anal. Caad. C, 500, H, 5.17; Found: C, 4985, H, 5.24,
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'H-NMR (400 MHz; CDCk; J/Hz): d = 7.45 (m, 3J(H, H) 8.2, *J(H, H) 2.0, 4 H, Ar-H),
6.78 (m, 2J(H, H) 6.8, %J(H, H) 8.2, 8 H, Ar-H), 4.45 (s, 4 H, 2 COOCHy), 4.39 (s, 4 H, 2
OCH>Ar), 4.05 (t, 3J(H, H) 5.5, 8 H, 4 OCH,CHy), 3.98 (t, 2J(H, H) 5.8, 8 H, 4 OCH,CHb,),
3.89 (t, 2J(H, H) 6.8, 8 H, 4 OCH,CHy), 3.59 (s, 4 H, 2 CCHy), 2.15 (m, 8 H, 4 CH,CgF13),
1.89 (m, 16 H, 4 CH,CH,CH,CsF13), 1.75 (m, 8 H, 4 OCH,CH), 142 (m, 8 H, 4
CH2CH2CsF13), 1.25 (M, 56 H, 4 (CH2)7CHa), 0.87 (t, 3J(H, H) 5.1, 12 H, 4 CH).

13C-NMR (100 MHz; CDCk; J/Hz): d = 167.1 (C=0), 153.9, 150.4, 149.9, 149.4, 132.0,
124.8, 123.8, 121.2, 115.2, 114.9, 114.7, 113.0 (Ar-C), 74.5 (CH,00OC), 69.2, 69.4, 70.0,
70.2, 70.4 (OCH,), 65.0 (CH, - quart C), 45.2 (quart C), 32.8, 30.4, 27.0, 23.5, 18.2 (CHy),
14.9 (CHy).

19F-NMR (188 MHz, CDCk): d = -82.57 (overlapped t, 8 F, CFs), -116.14, -116.22, -116.30
(t, 8 F, CH,CF>), -123.68 (s, 8 F, CFs (CF2)3CF), -124.61 (s, 8 F, CF3 (CF,),CF»), -125.18
(s, 8 F, CFsCF,CF,),-127.88 (s, 8 F, CR:CF).
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8.6 Synthesisof bolaamphiphiles
8.6.1 Synthesis of the 2-alkenylanisoles 34, 38 and the 2-perfluor alklyanisoles 42

3-(Prop-2-en-1-yl)anisole 34

Magnesium turnings (14.4 g, 0.6 mol) were covered by dry diethyl /\D\
ether (80 mL) and bromoanisole (9.3 g, 0.05 mmol, 1 % g) was | _~ OMe

added. After the reaction has started, the remaining bromoanisole
(84.1 g, 0.45 mol) dissolved in dry diethyl ether (120 mL) was added dropwise, maintaining
the Grignard solution to reflux. Stirring was continued under reflux for 2 h, and then the
mixture was cooled to RT and transferred to an additional flask under an argon atmosphere,
the flask was cooled to 0 °C, alylbromide (61.5 g, 0.5 mol) dissolved in dry diethyl ether
(100 mL) was added dropwise, maintaining the temperature of the solution below 5 °C.
Stirring of the mixture was continued for additional 3 h at 0 °C, and then overnight at RT.
The reaction mixture was quenched with crushed ice (50 g), and 6 N HCl was added until
the precipitate was dissolved. The diethyl ether layer was separated and the aqueous layer
was extracted with diethyl ether (3" 100 mL). Fractional distillation of the combined diethyl
ether extracts, at first at ambient pressure and then under vacuo yielded the product.

Yield: 35.5 g (48.0 %); yellow oil; bp: 88 °C/ 12 mbar; C10H120 (148).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.24 (m, 1 H, Ar-H), 6.82 (m, 2 H, Ar-H), 6.03 (m,
1H, CH=), 5.15(m, 2 H, CH,=), 3.80 (s, 3H, CHg), 3.38 (m, 2 H, ArCHy).

2-(Dodec-11-en-1-yl)anisole 38

Prepared according to the procedure described for 34 from undec-10-
enylbromide (42.0 g, 0.18 mol), magnesium turnings (5.2 g, 0.22 mol)
and 2-methoxybenzylchloride (28.0 g, 0.18 moal) in dry diethyl ether 10\
(180 mL).
Yield: 29.4 g (59.6 %); yellow oil; bp: 165 °C/ 0.079 mbar; C19Hx0 (274).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.22 (m, 2 H, Ar-H), 6.87 (m, 2 H, Ar-H), 5.89 (m,
1 H, CH=), 5.06 (m, 2 H, CH,=), 3.84 (s, 3 H, CHs), 2.64 (t, *J(H, H) 7.42, 2 H, ArCHy),
2.09 (m, 2 H, CH,CH=), 1.63(m, 2 H, CH,), 1.30 (m, 14 H, 7 CHy).

OMe

Preparation of activated Cu powder: CuSO4%H,0 (1 mol) was dissolved in boiling water
(100 mL), cooled to RT and zinc powder (1.1 mol) was added portionwise while stirring.

The solvent turned to be colorless. Stirring was continued for 5 min, the precipitated copper
was filtered and washed with water, 5 % HCI (50 mL), and acetone (75 mL) and dried in
vacuo at 130 °C for 4 h.
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2-Perfluoropropylanisole 42.1

A mixture of 2-iodoanisole (17.5 g, 75 mmal), activated Cu powder
(18.4 g, 296 mmol) [prepared from CuSO,%H,0 (67.4 g, 270 mmoal), OMe
and zinc powder (23.2 g, 289 mmol)] and dry DMF (50 mL) was heated C4Fo
to 125 °C while stirring. 1-lodoperfluoropropane (13.1 g, 38 mmol) was
added dropwise directly into the solution. Stirring was continued at this temperature for
further 7 h. Then the mixture was cooled to RT, HO (120 mL) and diethyl ether (30 mL)
were added. The solid was filtered off and washed thoroughly with diethyl ether. The
organic phase was separated and the agueous layer was extracted with diethyl ether (3x150
mL), the diethyl ether extracts were combined with the organic phase and washed with H,O
(2x100 mL), brine (2x100 mL) and dried over NaSO,. Afterwards, the diethyl ether was
distilled off and the residue was distilled in vacuo to yield the product.

Yield: 8.04 g (71.1 %); yellow ail; bp: 45 °C/ 0.071 mbar; C11H;0Fg (326).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.51 (m, 2 H, Ar-H), 7.03 (m, 2 H, Ar-H), 3.85 (s, 3
H, OCHg).

2-Perfluorooctylanisole 42.2

Prepared according to the procedure described for 42.1 from
2-iodoanisole (5 g, 6.4 mmoal), activated Cu powder (2.16 g, 34.2
mmol) [prepared from CuSO4%H,0 (8.0 g, 32 mmol) and zinc powder CeFwr
(2.7 g, 42 mmoal)], dry DMF (10 mL), and 1-iodoperfluorooctane (3.9 g, 7.0 mmoal).
Purification of the product was done by preparative centrifugal thin layer chromatography
(eluent: petroleum ether).

Yield: 1.7 g (50.0 %); yellow ail; C15H70F7 (526).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.52 (m, 2 H, Ar-H), 7.03 (m, 2 H, Ar-H), 3.84 (s, 3
H, OCHg).

Me
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8.6.2 Synthesis of thesemifluorinated 2-(2-iodoalkyl)phenols 30 and the
3-(2- iodoalkyl)anisoles: 35and 39

2-(1H,1H,2H,3H,3H-Per fluor o-2-iodohexyl)phenol 30.1

Prepared according to the general procedure 8.3.1 from allylphenol (7.6

g 563 mmol), Pd(PPh). (28 g 40 mo %) and 1- OH
iodoperfluoropropane (25 g, 84.5 mmol) in dry hexane (40 mL).

Yield: 23.4 g (67.6 %); yellow oil; C12H1001F (430). CsFs

IH-NMR (200 MHz; CDCk; JIHz): d = 7.16-6.75 (m, 4 H, Ar-H), 5.40
(s, 1 H, OH), 4.69 (m, 1H, CHI), 3.26 (m, 2 H, CH,ATr), 2.88 (M, 2 H, CH,CF>).

2-(1H,1H,2H,3H,3H-Per fluor o-2-iodoheptyl)phenol 30.2

Prepared according to the genera procedure 8.3.1 from allylphenol
(80 g, 59.6 mmol), Pd(PPhs)s (28 g, 40 mol %) and 1-
iodoperfluorobutane (22.1 g, 64 mmol) in dry hexane (40 mL).

Yield: 28.6 g (100 %); yellow ail; C13H100I Fg (480). CaFo
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.00 (m, 4 H, Ar-H), 5.60 (s, 1 H, OH), 4.70 (m, 1
H, CHI), 3.20 (m, 2 H, CHzAr), 2.80 (m, 2 H, CH,CF>).

OH

2-(1H,1H,2H,3H,3H-Perfluor o-2-iodononyl)phenol 30.3

Prepared according to general procedure 8.3.1 from allylphenol (8.0 g,

59.6 mmol), Pd(PPhs)4 (2.8 g, 4.0 mol %) and 1-iodoperfluorohexane OH
(28.5 g, 64 mmoal) in dry hexane (40 mL).

Yield: 37.9 g (100 %); yellow oil; C15H100IFy13 (580). CeFis

1H-NMR (200 MHz; CDCk; J/Hz): d = 7.00 (m, 4 H, Ar-H), 5.00 (s, 1
H, OH), 4.70 (m, 1 H, CHI), 3.30 (M, 2 H, CH,ATr), 2.80 (m, 2 H, CH,CF>).

2-(1H,1H,2H,3H,3H-Per fluor o-2-iodoisodecyl)phenol 30.4

Prepared according to genera procedure 8.3.1 from allylphenol
(6 g, 447 mmol), Pd(PPhs)s (1.4 g, 40 mol %) and 1- OH
iodoperfluoroisoheptane (23.9 g, 48.1 mmoal) in dry hexane (30
mL). !

. . (CF2)4sCF(CF3)
Yield: 28.2 g (100 %); yellow oil; C16H100I Fis (630).

1H-NMR (200 MHz; CDCk; J/Hz): d = 7.00 (m, 4 H, Ar-H), 5.00 (s, 1 H, OH), 4.70 (m, 1
H, CHI), 3.30 (m, 2 H, CH,ATr), 2.80 (M, 2 H, CH,CF>).
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2-(1H,1H,2H,3H,3H-Per fluor o-2-iodoundecyl)phenol 30.5

Prepared according to general procedure 8.3.1 from alylphenol (8 g,
59.6 mmol), Pd(PPhs)s (2.8 g, 4.0 mol %) and 1-iodoperfluorooctane
(34.9 g, 64 mmoal) in dry hexane (40 mL).

Yield: 40.269 (99.3%); yellow oil; C17H1001F17 (680).

'H-NMR (200 MHz, CDCk; J/Hz): d = 7.00 (m, 4 H, Ar-H), 5.1 (s, 1 H,
OH), 4.70 (m, 1 H, CHI), 3.30 (m, 2 H, CH,Ar), 2.80(m, 2 H, CH,CF>).

OH

SN

CgF17

2-(1H,1H,2H,3H,3H-Per fluor o-2-iodotridecyl)phenol 30.6

Prepared according to general procedure 8.3.1 from alylphenol (4 g,
29.8 mmol), Pd(PPhs)s (1.4 g, 4.0 mol %) and 1-iodoperfluorodecane
(20.6 g, 32 mmoal) in dry hexane (20 mL).

Yield: 28.6 g (100 %); yellow oil; C19H100I o1 (780).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.00 (m, 4 H, Ar-H), 4.90 (s, 1 CuFa
H, OH), 4.70 (m, 1 H, CHI), 3.30 (m, 2 H, CH,CH>CF), 2.80 (m, 2 H, CHAr).

0

2-(1H,1H,2H,3H,3H-Per fluor o-2-iodopentadecyl)phenol 30.7
Prepared according to general procedure 8.3.1 from allylphenol (2.2 g,
16.3 mmol), Pd(PPhs)4 (0.7 g, 4.0 mol %) and 1-iodoperfluorododecane
(12.2 g, 16.3 mmol) in dry hexane (20 mL).

Yield: 7.2 g (50.0 %); yellow waxy solid; Co1H100IF2s (880).

'H-NMR (200 MHz: CDCk; J/HZ): d = 7.18 (m, 4 H, Ar-H), 4.89 (s, 1 Cfs
H, OH), 4.69 (m, 1 H, CHI), 3.33 (m, 2 H, CH,CH>CF,), 2.95 (m, 2 H, CHAr).

OH

10

3-(1H,1H,2H,3H,3H-Per fluor o-2-iodoheptyl)anisole 35.1

Prepared according to general procedure 8.3.1 from 34 (4 g, 27.0
mmol), Pd(PPhs)s (1.2 g) and 1-iodoperfluorobutane (10.3 g, 29.7
mmoal) in dry hexane (40 mL).

Yield: 13.3 g (100 %); yellow oil; C14H1201Fg (494). FoCs

OMe

e

1H-NMR (200 MHz; CDCk; J/Hz): d = 7.22 (m, 1 H, Ar-H), 6.80
(m, 3H, Ar-H), 4.48 (m, 1 H, CHI), 3.81 (s, 3 H, CHa), 3.23 (t, 3J(H, H) 6.1, 2 H, ArCHy),
2.77-3.12 (M, 2 H, CHy).
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3-(1H,1H,2H,3H,3H-Perfluor o-2-iodononyl)anisole 35.2

Prepared according to general procedure 8.3.1 from 34 (10 g, 67.6
mmol), Pd(PPhs)s (3 g) and 1-iodoperfluorohexane (33.1 g, 74.3
mmol) in dry hexane (60 mL).

Yield: 36.4 g (100 %); yellow oil; C1H120IF13 (594). F1sCe

OMe

IH-NMR (200 MHz; CDCk; J/Hz): d = 7.28 (m, 1 H, Ar-H), 6.86
(m, 3H, Ar-H), 4.49 (m, 1 H, CHI), 3.84 (s, 3 H, CHs), 3.25 (m, 2 H, ArCHy), 2.98 (m, 4 H,
CHy).

3-(1H,1H,2H,3H,3H-Perfluor o-2-iodoundecyl)anisole 35.3
Prepared according to the general procedure 8.3.1 from 34 (4 g,
27.0 mmoal), Pd(PPhs)4 (1.2 g) and 1-iodoperfluorooctane (16.2 g, OMe
29.7 mmol) in dry hexane (40 mL).
Yield: 18.75 g (100 %); yellow oil; C1eH120IF13 (594). - '
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.24 (m, 1 H, Ar-H), 6.84

(m, 3H, Ar-H), 4.45 (m, 1 H, CHI), 3.80 (s, 3H, CHs), 3.21 (t, 2 H, J (H, H) 6.4, ArCH),
2.85(m, 2 H, CH,).

2-(1H,1H,2H,2H,3H,3H,4H ,4H ,5H ,5H,6H,6H,7H,7H,8H,8H,9H,
9H,10H,10H,11H,12H,12H-per fluor o-11-iodooctadecyl)anisol e 39
Prepared according to general procedure 8.3.1 from 38 (5.5 g, 20
mmol), Pd(PPhs)4 (1 g), and 1-iodoperfluorohexane (10.7 g, 24 mmol) OMe
in dry hexane (60 mL). 10
Yield: 12.3 g (85.4 %); yellow oil; CasH3001Fy3 (720).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.19 (m, 2 H, Ar-H), 6.89 (m,
2 H, Ar-H), 4.37 (m, 1 H, CHI), 3.84 (s, 3H, CHs), 2.64 (t, 2J(H, H) 7.6, 2 H, ArCH,), 1.84
(m, 2H, CH,), 1.63 (m, 2 H, CHy), 1.33 (m, 16 H, 8 CHy).

6F13
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8.6.3 Synthesis of the semifluorinated alkylphenols and
alkylanisoles: 31, 36 and 40

2-(1H,1H,2H,2H,3H,3H-Perfluor ohexyl)phenol 31.1
Prepared according to the general procedure 8.3.2 from 30.1 (23.3 g, OH
54.3 mmol) and LiAlH4 (2 g) in dry diethyl ether (50 mL). Distillation
yielded the pure product.

Yield: 15.6 g (74.2 %); ydlow ail; bp: 87 °C / 0.35-0.29 mbar; 7
C12H1101F7 (304).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.16 (m, 2 H, Ar-H), 6.91 (m, 1 H, Ar-H), 6.72 (d,
3J (H, H) 7.69, 1 H, Ar-H), 4.87 (s, 1 H, OH), 2.77 (t, 3J(H, H) 7.32, 2 H, CH.Ar), 1.89-
2.23 (m, 4 H, CF,CH,CHy).

2-(1H,1H,2H,2H,3H,3H-Perfluor oheptyl)phenol 31.2
Prepared according to the general procedure 8.3.2 from 30.2 (28.6 g, 59.6 OH
mmol) and LiAIH; (2 g) in dry diethyl ether (100 mL). Distillation
yielded the pure product.

Yield: 15.6 g (74.2 %); yellow oil; bp: 85 °C / 0.5 mbar; G3H1OlRy
(354).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.16-7.11 (m, 2 H, Ar-H), 6.91-6.95 (m, 1 H, Ar-
H), 6.81 (d, 3J(H, H) 7.8, 1 H, Ar-H), 488 (s, 1 H, OH), 2.75 (t, 3J(H, H) 7.42, 2 H,
CHAr), 1.93-2.24 (m, 4 H, CF,CH>CH>).

C4Fg

2-(1H,1H,2H,2H,3H,3H-Per fluor ononyl)phenol 31.3

Prepared according to the general procedure 8.3.2 from 30.3 (37.9 g,
65.3 mmol) and LiAlIH; (2.04 g) in dry diethyl ether (80 mL). OH
Didtillation yielded the pure product.

Yield: 21.2 g (78.3 %); colorless waxy solid; bp: 115 °C / 0.31 mbar
(mp: 43-45 °C); C13H110I R (354).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.11 (m, 2 H, Ar-H), 6.89 (m, 1 H, Ar-H), 6.73 (m,
1H, Ar-H), 469 (s, 1 H, OH), 2.72 (t, 3J(H, H)7.6, 2 H, CH2Ar), 1.93-2.19 (m, 4 H,
CF,CH,CH>).

CoF13

2-(1H,1H,2H,2H,3H,3H-Per fluor oisodecyl)phenol 31.4
Prepared according to the general procedure 8.3.2 from 30.4
(28.2 g, 44.7 mmol) and LiAlIH, (1.5 g) in dry diethyl ether (80 OH
mL). Distillation yielded the pure product.

Yied: 24.7 g (75.6 %); colorless waxy solid; bp: 115 °C / 0.19

(CF24CF(CF3)
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mbar; C16H1101F15 (504)
1H-NMR (200 MHz; CDCk; JHz): d = 7.18 (m, 2 H, Ar-H), 6.94 (m, 1 H, Ar-H ), 6.75 (d,
1H,33(H, H) 8.2, Ar-H ), 4.85 (s, 1 H, OH), 2.73 (t, 3J(H, H) 7.1, 2 H, CHoAr), 1.87-2.25
(m, 4H, CHZCHZCSF]_?).

2-(1H,1H,2H,2H,3H,3H-Per fluor oundecyl)phenol 31.5

Prepared according to the general procedure 8.3.2 from 30.5 (40.3 g,

59.2 mmol) and LiAlH,4 (1.8 g) in dry diethyl ether (100 mL). Column o
chromatography (eluent: CHCL) yielded the pure product.

Yield: 21.7 g (66.4 %); colorless waxy solid; mp: 68 °C; C7H1101F17 CoF

(554).
1H-NMR (200 MHz; CDCk; J/Hz): d = 7.48 (m, 2 H, Ar-H), 6.92 (m, 1 H, Ar-H ), 6.88 (d,
1H,33(H, H) 8.4, Ar-H ), 4.68 (s, 1L H, OH), 2.72(t, 3J(H, H) 7.4, 2 H,

CHzAr), 1.99 (m, 4 H, CH2CH2 C8F17).

13C-NMR (100 MHz; CDCk; J/Hz): d = 153.6, 132.5, 127.7, 121.1, 115.3, 115.2 (Ar-H),
31.0 (CH,CF>»), 29.2 (CH,), 20.2 (CHy).

19F_NMR (188 MHz; CDCk; J/H2): d = -82.3 (overlapped t, 3 F, CFs), -115.7 (m, 2 F,
CHzCFz), -123.43 (m, 6F, CH2CF2(CF2)3), -124.28 (m, 2F, CF3(CF2)2CF2), -125.02 (m, 2
F, CF3CF2CF2), -127.66 (m, 2F, CF3CF2).

2-(1H,1H,2H,2H,3H,3H-Perfluor otridecyl)phenol 31.6

Prepared according to the general procedure 8.3.2 from 30.6 (23.2 g, oH
29.7 mmol) and LiAlIH4 (1 g) in dry diethyl ether (50 mL). Column

chromatography (eluent: CHCL) yielded the pure product.

Yield: 10.0 g (51.5 %); colouless waxy solid; mp: 83 °C; CigH110F» CioF21

(654).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.24 (m, 2 H, Ar-H), 6.87 (m, 1 H, Ar-H), 6.74 (d,
1H, 3J(H, H) 8.0, Ar-H), 4.70 (s, 1 H, OH), 2.70 (t, 3J(H, H) 7.23, 2 H, CH,Ar), 1.88
2.31(m, 4H, CH2CH2C10F21).

2-(1H,1H,2H,2H,3H,3H-Per fluor opentadecyl)phenol 31.7

Prepared according to the genera procedure 8.3.2 from 30.7 (7.2 g, oH
8.2 mmol) and LiAlH4 (0.3 g) in dry diethyl ether (20 mL). The

product was purified by recrystallization twice from CHCk.

Yield: 3.9 g (63.5 %); colorless waxy solid; mp: 110 °C; Cy1H110Fs C1F2s

(754).
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IH-NMR (200 MHz; CDCl; JHz): d = 7.12 (m, 2 H, Ar-H), 6.87 (m, 1 H, Ar-H), 6.69 (d,
1H, 33(H, H) 8.0, Ar-H), 2.70 (t, 3J(H, H) 7.69, 2 H, CH,Ar), 1.89-224 (m, 4 H,
CH2CH2CoF2s).

3-(1H,1H,2H,2H,3H,3H-Per fluor oheptyl)anisole 36.1
Prepared according to the genera procedure 8.3.2 from 35.1
(21.6 g, 43.7 mmol) and LiAlH, (2.3 g) in dry diethyl ether (80 OCH;
mL). Distillation yielded the pure product.
Yield: 6.0 g (60.4 %); yelow ail; bp: 125 °C / 11 mbar; FoCa
Ci14H130Fy (368).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.31 (m, 1 H, Ar-H), 6.84 (m, 3 H, Ar-H), 3.85 (s,
3H, CHs), 2.73(t, 2 H, 3J(H, H) 7.0, ArCH,), 2.27-1.92 (m, 4 H, 2 CHy).

3-(1H,1H,2H,2H,3H,3H-Per fluor ononyl)anisole 36.2

Prepared according to the general procedure 8.3.2 from 35.2
(36.4 g, 61.3 mmol) and LiAIH4 (2.5 g) in dry diethyl ether (80 OCHjs
mL). Distillation yielded the pure product.

Yidd: 13.7 g (47.7 %); ydlow ail; bp: 84 °C / 0.18 mbar;
Ci16H130F13 (468).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.29 (m, 1 H, Ar-H), 6.79 (m, 3 H, Ar-H), 3.79 (m,
3 H, CHs), 2.67 (t, 2J(H, H) 7.6, 2 H, ArCH>), 2.16-1.91 (m, 4 H, CHy).

F13Cs

3-(1H,1H,2H,2H,3H,3H-Per fluor oundecyl)anisole 36.3
Prepared according to the general procedure 8.3.2 from 35.3
(18.7 g, 27.0 mmol) and LiAlIH, (1.1 g) in dry diethyl ether (40
mL). Distillation yielded the pure product.

Yield: 7.0 g (45.6 %); yellow waxy solid; bp: 115 °C / 0.087 | FiCg
mbar; Ci18H130F17 (568).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.24 (m, 1 H, Ar-H), 6.79 (m, 3 H, Ar-H), 3.82 (s, 3
H, CHa), 2.70 (t, 2 H, 2J(H, H) 7.4, ArCHy), 2.17-1.93 (m, 4 H, 2 CHy).

OCHjs
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2-(1H,1H,2H,2H,3H,3H,4H,4H,5H,5H,6H ,6H,7H,7H,8H ,9H,9H,10H,10H,11H,
11H,12H,12H-Per flur or ooctadecyl)anisole 40
Prepared according to the general procedure 8.3.2 from
39 (12.3 g, 17.1mmol) and LiAlH4 (1 g) in dry diethyl OCH,
ether (40 mL). Column chromatography (eluent:
CHCI,) yielded the pure product.

Yield: 716 g (70.2 %); colorless waxy solid;
C25H3 1OF13 (594).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.26 (m, 2 H,
Ar-H), 6.92 (m, 2 H, Ar-H), 3.85 (s, 3 H, CHs), 2.62 (t,
2 H, 3J(H, H) 7.23, ArCHy), 2.09 (m, 2 H, CH,), 1.64
(m, 2H, CHy), 1.49 (m, 18 H, 9 CH,).

CeF13

8.6.4 Synthesis of the 4-bromophenols32 and 4-bromoanisoles 33, 37, 41 and 43

Bromination of substituted phenols - general procedure 8.6.4.1: A mixture of the
appropriate semifluoroalklyphenol (36.2 mmoal), acetic acid (99 mL) and 33 % HBr in
acetic acid (50 mL) was cooled in an ice bath to -5 °C. Then DMSO (50 mL) was added
dropwise. The mixture was stirred at 5-10 °C for 30 min, then saturated agueous NaHCO3
solution (100 mL) was added to quench the reaction. The mixture was extracted with
diethyl ether (3x100 mL). The combined organic layers were washed with saturated

aqueous NaHCOs solution until pH = 6-7. Then the solution was washed with HO (3" 75
mL), brine (3" 75 mL), dried over NaSO, and the solvent was evaporated.

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ohexyl)phenol 32.1
Prepared according to the general procedure 8.6.4.1 from 31.1
(11 g, 36.2 mmal), acetic acid (99 mL) and 33 % HBr in acetic
acid (50mL), DMSO (50 mL). Column chromatography yielded
pure product (eluent: CHCL/CHsOH 10:1).

Yield: 11.59 g (83.6 %); yellow ail; C12H10OBrF (383). CaF7
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.19 (m, 2 H, Ar-H), 6.57
(d, 1H, 3J(H, H) 8.4, Ar-H), 5.31 (br s, 1 H, OH), 2.61 (t, 3J(H, H) 7.3, 2 H, CH,Ar), 2.22-
1.83 (m, 4 H, CF.CH,CH>).

Br H
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4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)phenol 32.2
Prepared according to the general procedure 8.6.4.1 from 31.2
(15.7 g, 44.2 mmol), acetic acid (100 mL), 33 % HBr in acetic | Br OH
acid (60 mL), DMSO (60 mL). Column chromatrography yielded
pure product (eluent: CHCL/CHsOH 10:1).

Yield: 12.3 g (64.1 %); yellow oil; C13H100BrFg (433).

'H-NMR (200 MHz; CDCk; JHZ): d = 7.21-7.15 (m, 2 H, Ar-H), 6.63 (d, 2J(H, H) 8.4, 1
H, Ar-H), 5.27 (br s, 1 H, OH), 2.63 (t, 3J(H, H) 7.6, 2 H, CH»Ar), 2.03-2.15 (m, 2 H,
CF,CHy), 1.94-1.86 (m, 2 H, CF,CH,CH)>).

CaFo

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)phenol 32.3
Prepared according to the general procedure 8.6.4.1 from 31.3
(22 g, 48.5 mmoal), acetic acid (133 mL), 33 % HBr in acetic acid | gy OH
(66 mL), DMSO (66 mL). Distillation yielded the pure product.
Yield: 22.3 g (86.1 %); bp: 140 °C / 0.31 mbar; yelow oail;
C15H100BrF3 (533).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.23 (d, “J(H, H) 2.4, 1 H, Ar-H), 7.18 (dd, 3J(H,
H) 8.4, J(H, H) 2.4, 1 H, Ar-H), 6.64 (d, 3J(H, H) 8.6, 1 H, Ar-H), 5.00 (s, 1 H, OH), 2.70
(t, 3J(H, H) 7.4, 2 H, CHAr), 2.00 (m, 4 H, CH,CH,CF>).

CeF13

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)phenol 32.4

Prepared according to the general procedure 8.6.4.1 from

31.4 (11.5 g, 22.8 mmol), acetic acid (50 mL), 33 % HBr in | B oH

acetic acid (30 mL), DMSO (30 mL). Column

chromatography (luent: CHCL/CH3zOH 10:2) yielded the (CF»)CF(CFy,
pure product.

Yield: 10.4 g (78.3 %); yelow oil; C16H100BrF15 (583).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.16-7.24 (m, 2 H, Ar-H), 6.63 (d, 1 H, 3J(H, H)
8.4, Ar-H), 5.37 (br s, 1 H, OH), 2.66 (t, 3J(H, H) 7.61, 2 H, CH,Ar), 2.03-2.16 (m, 2 H,
CF,CHy), 1.94-1.86 (m, 2 H, CF,CH,CH)>).

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)phenol 32.5
Prepared according to the general procedure 8.6.4.1 from 31.5
(21.56 g, 38.97 mmol), acetic acid (52 mL), 33 % HBr in acetic
acid (26 mL), DMSO (26 mL). Column chromatography
(CHC/CH30H 10: 2) yielded the pure product. F17
Yield: 20.2 g (81.9 %); yelow solid; mp: 61 °C; C17H100BrF17 (633).

Br OH
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'H-NMR (200 MHz; CDCk; J/Hz): d = 7.24 (s, 1 H, Ar-H), 7.22 (dd, 3J(H, H) 8.4, “J(H, H)
2.3, 1H, Ar-H), 6.62 (d, 3J(H, H) 8.4, 1 H, Ar-H), 4.80 (s, 1 H, OH), 2.66 (t, 3J(H, H) 7.6, 2
H, CH>Ar), 2.16 (m, 2 H, CH2CF>), 1.93 (m, 4 H, 2 CH,).

13C-NMR (100 MHz; CDCk; J/Hz): d = 152.7, 133.1, 130.4, 129.63, 117.0, 114.0 (Ar-C),
30.4 (t, CHoCF>), 29.2 (CHy), 20.2 (CHy).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -82.3 (overlapped t, 3 F, CF3), -115.7 (m, 2 F,
CHzCFz), -123.43 (m, 6 F, CH2CF2(CF2)3), -124.28 (m, 2 F, CF3(CF2)2CF2), -125.0 (m, 2 F,
CF3CF2CF2), -127.7 (m, 2 F, CF3CF2).

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)phenol 32.6
Prepared according to the general procedure 8.6.4.1 from 31.6
(10 g, 15.27 mmoal), acetic acid (35 mL), 33 % HBr in acetic acid
(21 mL), DMSO (21 mL). Column chromatography
(CHCL/CH30OH 10:2) yielded the pure product. CioFa1
Yield: 7.1 g (59.5 %); colorless solid; mp: 90 °C; C19H100BrF21 (733).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.22 (d, 3J(H, H) 2.54, 1 H, Ar-H), 7.19 (dd, 3J(H,
H) 8.4, 3J(H, H) 254, 2 H, Ar-H), 4.79 (s, 1 H, OH), 2.66 (t, 3J(H, H) 7.6, 2 H, CHAr),
1.87-2.16 (m, 4 H, CF,CH,CHy)

Br OH

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor opentadecyl)phenol 32.7
Prepared according to the general procedure 8.6.4.1 from 31.7
(3.9 g, 5.17 mmal), acetic acid (5 mL), 33 % HBr in acetic acid
(10 mL), DMSO (5 mL). The product was purified by twice
recrystallization from hexane. CioFos
Yield: 3.82 g (88.6 %); colorless waxy solid; mp: 115 °C; Cp1H100BrF,s5 (833).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.21 (d, 3J(H, H) 2.56, 1 H, Ar-H), 6.64 (dd, 2J(H,
H) 8.06, 3J(H, H) 2.54, 2 H, Ar-H), 5.15 (br s, 1 H, OH), 2.66 (t, 2J(H, H) 7.7, 2 H, CHAI),
1.84-2.23 (m, 4 H,CF,CH,CH>)

Br OH

Etherification of semifluoroalkylsubstituted phenols - general procedure 8.6.4.2: Mel
(454 mmol, 15eq) was added to a mixture of the appropriate 4-bromo-2-
semifluoroal kylphenol (30.3 mmol) and K>COj3 (90.8 mmol) in dry CHsCN (50 mL), while
stirring under an argon atmosphere. The mixture was refluxed for 2 h (TLC). The CH;CN
was ditilled off. Water (100 mL) and diethyl ether (100 mL) were added to the residue.
The organic layer was separated, and the aqueous layer was extracted with diethyl ether
(2770 mL) and the combined extracts were washed with H,O (2" 50 mL), dried over
NaSO., and finally the diethyl ether was distilled off. The crude product was further
purified by column chromatography.
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4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ohexyl)anisole 33.1
Prepared according to the general procedure 8.6.4.2 from 32.1
(11.6 g, 30.3 mmol), Mel (6.4 g, 45.4 mmol, 1.5 eq) and K>COs
(125 g, 90.8 mmoal) in dry CHsCN (50 mL). Purification by
column chromatography (eluent: petroleum ether). CHy
Yield: 8.8 g (73.3 %); yellow ail; C13H120BrF; (397).
'H-NMR (200 MHz; CDCk; J/HZ): d = 7.22-7.33 (m, 2 H, Ar-H), 6.69 (d, 1 H, 3J(H, H)
8.4, Ar-H), 3.79 (s, 3 H, CHs), 2.66 (t, 3J(H, H) 7.3, 2 H, CHAr), 2.13-1.83 (m, 4 H, 2
CHy).

Br OCHjs

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)anisole 33.2

Prepared according to the general procedure 8.6.4.2 from 32.2 (4 g,
9.2 mmol), Mel (2.0 g, 13.9 mmol, 1.5 eq) and K,COs (3.8 g, 27.6 | B" OCHs
mmol) in dry CHsCN (30 mL). Purification by preparative
centrifugal thin layer chromatography (eluent: petroleum ether). C4Fo

Yield: 2.7 g (65.4 %); yellow oil; C14H120BrFg (447).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.25-7.33 (m, 2 H, Ar-H), 6.70 (d, 1H, 3J(H, H) 8.4,
Ar-H), 3.80 (s, 3 H, CH), 242 (t, 3J(H, H) 7.4, 2 H, CHAr), 1.86-225 (m, 4 H,
CF,CH,CH>).

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)anisole 33.3

Prepared according to the general procedure 8.6.4.2 from32.3 (4
g, 7.5 mmol), Mel (1.6 g, 11.3 mmol) and K.COs (5.0 g, 36.2 | B' OCHs3
mmol) in dry CHsCN (30 mL). Purification by preparative
centrifugal thin layer chromatography (eluent: petroleum ether). CeFis

Yield: 3.8 g (93.2 %); yellow oil; C1eH120BrFi3 (547).
'H-NMR (200 MHz; CDCk; J/HZ): d = 7.30 (m, 2 H, Ar-H), 6.73 (d, J(H, H) 8.6, 1 H,
Ar-H), 3.78 (s, 3 H, OCHa), 2.64 (t, 3J(H, H) 7.4, 2 H, CHAr), 1.86-2.21 (m, 4 H,
CH,CH,CFR).

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)anisole 33.4

Prepared according to the genera procedure 8.6.4.2

from 32.4 (4.0 g, 6.9 mmol), Mel (1.5 g, 10.3 mmol) | B OCH3

and K,CO3 (5.0 g, 36.2 mmoal) in dry CH3sCN (20 mL).

Purification by preparative centrifugal thin layer (CF2)4CF(CF3),

chromatography (eluent: petroleum ether).
Yield: 3.1 g (75.1 %); yellow oil; Cy7H120BrF1s5(597).
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IH-NMR (200 MHz; CDCk; JIHz): d = 7.22-7.32 (m, 2 H, Ar-H), 6.74 (d, 1 H, 3J(H, H)
8.6, Ar-H), 3.79 (s, 3 H, CHy), 2.65 (t, 3J(H, H) 7.62, 2 H, CH»Ar), 1.79-2.22 (m, 4 H,
CF2CH,CH>).

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)anisole 33.5
Prepared according to the general procedure 8.6.4.2 from
32.5(7.2 g, 11.4 mmoal), Mel (2.4 g, 17.1 mmol) and K2COs Br‘Q:@\st
(5.09, 36.2 mmal) in dry CH3CN (40 mL). Purification by

preparative centrifugal thin layer chromatography (eluent: G
petroleum ether).

Yield: 6.1 g (83.0 %); yellow oil; C1gH120BrF7 (647).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.30 (dd, J(H, H) 86, J(H, H) 2.5, 1 H, Ar-H),
7.22(d, J(H, H) 2.4, 1 H, Ar-H), 6.72 (d, 3J(H, H) 8.6, 1 H, Ar-H), 3.78 (s, 3 H, CHg), 2.64
(t,3J(H, H) 7.61, 2 H, ArCH), 2.14-1.89 (m, 4 H, CHy).

4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)anisole 33.6
Prepared according to the general procedure 8.6.4.2 from 32.6 (4.0
g, 5.5 mmol), Mel (1.2 g, 8.2 mmol) and K,COs (3.0 g, 21.7 mmol) | B OCH;
indry CH3CN (40 mL). Purification by preparative centrifuga thin
layer chromatography (eluent: petroleum ether). CioFan
Yield: 3.6 g (87.5 %); colorless solid; mp: 52 °C; GoH120BrFx
(747).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.29 (dd, 3J(H, H) 8.8, J(H, H) 2.35, 1 H, Ar-H),
7.21(d, J(H, H) 2.34, 1 H, Ar-H), 6.72 (d, 3J(H, H) 8.8, 1 H, Ar-H), 3.78 (s, 3H, CHg), 2.64
(t, 3J(H, H) 7.42, 2 H, ArCH,), 2.15-1.84 (m, 4 H, CHy).

Bromination of semifluoroalkylsubstituted anisoles - general procedure 8.6.4.3: A
mixture of the appropriate semifluoroalkyl anisole (25.1 mmol), NBS (27.6 mmol, 1.1 eq)
indry CH3CN (80 mL) was stirring for 8 h at RT. Afterwards the solvent was distilled off at
a rotatory evaporator. Carbon tetrachloride was added to the residue. The solid
(succinimide) was filleted off and washed with carbon tetrachloride thoroughly.

4-Bromo-3-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)anisole 37.1
Prepared according to the general procedure 8.6.4.3 from 36.1 (9.3 g,
25.1 mmol), NBS (4.9 g, 27.6 mmol), dry CH3CN (80 mL). Vacuo
distillation yielded the product.

Yield: 8.9 g (79.3 %); Yelow oil; bp: 120 °C / 0.035 mbar; | F€
C14H120BrFg (447)

Br CH,




'H-NMR (200 MHz; CDCk; J/Hz): d = 7.44 (d, 3J(H, H) 8.8, 1 H, Ar-H), 6.77 (d, “J(H, H)
2.9, 1 H, Ar-H), 6.67 (dd, 2J(H, H) 8.8, “J(H, H) 2.9, 1 H, Ar-H), 3.77 (s, 3 H, CHs), 2.79 (t,
3J(H, H) 7.6, 2 H, ArCHy), 2.29-1.87 (m, 4 H, 2 CHy).

4-Bromo-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)anisole 37.2
Prepared according to the general procedure 8.6.4.3 from 36.2
(10.2 g, 21.8 mmol), NBS (4.3 g, 24.0 mmol, 1.1eq), CH;CN Br CHy
(80 mL). The crude product was used for the next step.
Yield: 9.2 g (82.1 %); yellow oil; C1eH120BrFi3 (547).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.43 (d, 3J(H, H) 8.6,
1 H, Ar-H), 6.58 (d, 2J(H, H) 2.9, 1 H, Ar-H), 5.67 (dd, “J(H, H) 3.12, 3J(H, H) 88, 1 H,
Ar-H), 3.77 (s, 3H, CHs), 2.77 (t, 2J(H, H) 7.43, ArCHy), 2.18-1.93 (m, 4 H, CHy).

FlBC 6

4-Bromo-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)anisole 37.3
Prepared according to the general procedure 8.6.4.3 from 36.3
(16.9 g, 29.8 mmoal), NBS (5.8 g, 32.8 mmol, 1.1 eq), CH3CN Br OCH,
(120 mL). The crude product was used for the next step.

Yield: 17.0 g (88.1 %); yellow solid; C1gH1,OBrF3 (647).
'H-NMR (200 MHz; CDCk; J/HZ): d = 7.43 (d, %J(H, H) 8.6, 1
H, Ar-H), 6.74 (d, “J(H, H) 2.9, 1 H, Ar-H), 6.64 (dd, 3J(H, H) 8.8, “J(H, H) 2.9, 1 H, Ar-
H), 3.76 (s, 3H, CHs), 2.77 (t, 2 H, 3J(H, H) 7.62, ArCH,), 2.27-1.85 (m, 4 H, 2 CHy).

I:1708

4-Bromo-2-(1H,1H,2H,2H,3H,3H,4H,4H ,5H,5H ,6H ,6H7H,7H,8H,8H,9H ,9H,
10H,10H,11H,11H,12H,12H-per fluor ooctadecyl)anisole 41
Prepared according to the general procedure 8.6.4.3 from 40 (7.2 B OMe
g, 12.0 mmal), NBS (2.4 g, 13.2 mmol, 1.1 eqg), CH3CN (60 mL). :
Recrystallisation from ethanol yielded the pure product. P
Yield: 2.4g (29.6 %); yellow waxy solid; mp: 100 °C; CpsHzOBrF13 (673).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.10 (m, 1 H, Ar-H), 6.86 (m, 1 H, Ar-H), 6.71 (m,
1H, Ar-H), 3.78 (s, 3H, CH3), 2.59 (m, 2 H, ArCH,), 2.08 (m, 2 H, CH,), 1.58-1.27 (m, 20
H, 10 CHy).

Bromination of perfluoroalkylsubstituted anisoles - general procedure 8.6.4.4: A
appropriate perfluoroalkylsubstituted anisole (21.9 mmol) dissolved in CFsCOOH (20 mL)
was cooled with ice bath. NBS (32.8 mmol, 1.5 eq) was added portionwise with stirring.
Stirring was continued for 30 min a 0 °C. Then the mixture was poured into ice water. The
phases were separated, the agueous phase was extracted with methylene chloride (3" 50
mL). The combined organic phases were washed with brine and dried over CaCb.
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4-Bromo-2-per fluor opropylanisole 43.1

Prepared according to the general procedure 8.6.4.4 from 42.1 (7.1 g,
21.9 mmol) and NBS (5.8 g, 32.8 mmol, 1.5 eq) in CFsCOOH (20 | g, OMe
mL). Purification was done by fractional distillation.

Yield: 5.8 g (65.2 %); yellow ail; bp: 117 °C / 12 mbar; C1HsOBrFgy
(405).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.03 (m, 2 H, Ar-H), 6.84 (m, 1 H, Ar-H), 3.82 (s, 3
H, CHs).

CyFg

4-Bromo-2-per fluor ooctylanisole 43.2

Prepared according to the general procedure 8.6.4.4 from 42.2

(13 g, 3 mmol) and NBS (0.7 g, 4.1 mmol, 1.4 eq) in CFsCOOH BrQOCH3
(13 mL). The crude product was used without further purification.

Yield: 1.3 g (72.1 %); yellow oil; C15HsOBrF17 (605).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.58 (m, 2 H, Ar-H), 6.87 (m, 1 H, Ar-H), 3.81 (s, 3
H, CHs).

CeF17

8.6.5 Synthesis of the 1-allyloxy-4-bromo-2-semifluor alkylbenzenes45 and
6-[4-bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl) phenyloxy] -4-oxahexene 62

Etherification - general procedure 8.6.5: The appropriated alk(en)yl bromide (6.7 mmol
for each OH-group) was added under an argon atmosphere to a mixture of the appropriate
phenol (5.63 mmol) and K;COs (14.5 mmol) in dry CH3CN (20 mL). The mixture was
refluxed for 2 h (TLC). CH3CN was evaporated in vacuo. Water (100 mL) and diethyl ether
(100 mL) were added to the residue. The organic layer was separated, and the aqueous layer
was extracted with diethyl ether (3" 100 mL). The combined extracts were washed with H,O
(3" 75 mL), dried over NSO, and the solvent were evaporated in vacuo. Purification of the
product was done by chromatography.

1-Allyloxy-4-bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)benzene 45.1
Prepared according to the general procedure 8.6.5 from 32.3
(3.0 g, 563 mmoal), allylbromide (0.817 g, 6.75 mmol) and . o/—//
K2CO;3 (2.0 9,14.5 mmol) in dry CHsCN (20 mL). Purification by

preparative centrifugal thin layer chromatography (eluent:
petroleum ether). o 13
Yield: 3.0 g (92.9 %); yellow oil; C1gH14F13BrO (573).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.29-7.22 (dd, *J(H, H) 2.5, 3J(H, H) 5.86, 2 H, Ar-
H), 6.68 (d, 1 H, 3J(H, H) 84, 1 H, Ar-H), 6.11-5.92 (m, 1 H, CH=), 5.24-5.43 (m, 2 H,
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CH,=), 4.49 (m, 2 H, OCHy), 2.67 (t, 3J(H, H) 7.42, 2 H, CHpAr), 1.82-2.27 (m, 4 H, CH,
CHy).

1-Allyloxy-4-bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)benzene 45.2
Prepared according to the general procedure 8.6.5 from 32.5
(10 g, 15.8 mmoal), alylbromide (2.3 g, 19.0 mmol) and K>COs /—/
(4.0 g, 29.0 mmol) in dry CHsCN (60 mL). Purification by Br ©
column chromatography (eluent: CHCL).
Yield: 8.19 g (79.8 %); yelow oil; CyoH14F17BrO (673). CeF17
'H-NMR (200 MHz; CDCk; JHZ): d = 7.26 (m, 2 H, Ar-H),
6.75 (d, *J(H, H) 8.2, 1 H, Ar-H), 6.13-5.45 (m, 1 H, CH=), 5.45-5.27 (m, 2 H, CH,=), 4.54
(m, 2 H, CH0), 2.75 (t, 2 H, 3J(H, H) 7.2, CHAr), 2.18-1.88 (m, 4 H, 2 CH>).

1-Allyloxy-4-bromo-2-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)benzene 45.3

Prepared according to the general procedure 8.6.5 from 32.6

(21.0 g, 28.6 mmal), alylbromide (5.2 g, 42.9 mmol) and K,CO3 . o/_/
(20 g, 149.2 mmol) in dry CH3CN (100 mL). Purification by

chromatography (eluent: CHCL).

Yield: 21.0g (95.0 %); colorless waxy solid; mp: 39 °C, CioF21

CxH14F1BroO (873).
1H-NMR (200 MHz; CDCk; JHz): d = 7.26 (m, 2 H, Ar-H), 6.73 (d, 3J(H, H) 8.6, 1 H, Ar-
H), 6.03 (m, 1 H, CH=), 5.41-5.27 (M, 2 H, CH,=), 4.53 (m, 2 H, CH,0), 2.69 (t, 2 H, 3J(H,
H) 7.6, CHAr), 2.08-1.93 (M, 4 H, 2 CH>).

1-Allyloxy-4-bromo-2-(1H,1H,2H,2H,3H,3H-per fluor opentadecyl)benzene 45.8

Prepared according to the general procedure 8.6.5 from 32.7

(3.76 g, 4.51 mmol), alylbromide (0.5 g, 4.3 mmol) and K,CO3 . O/_//
(2 g, 1.5 mmol) in dry CH3CN (30 mL). Purification by

chromatography (eluent: CHCE).

Yield: 3.2 g (81.2 %); colorless waxy solid; mp: 84 °C; C1oF2s

CxH14F5BroO (873).

1H-NMR (200 MHz; CDCk; J/Hz): d = 7.23 (m, 2 H, Ar-H), 6.72 (d, 3J(H, H) 8.3, 1 H, Ar-
H), 6.10 (m, 1 H, CH=), 5.41-5.24 (m, 2 H, CH,=), 4.49 (m, 2 H, CH,0), 2.71 (t, 2 H, 3J(H,
H) 7.3, CHAr), 2.21-1.81 (m, 4 H, 2 CH>).
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6-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)phenyloxy] -4-oxahexene 62
Prepared according to the general procedure 8.6.5 from 32.3

(3.0 g, 5.63 mmol), 1-toluenesulfonyloxy-3-oxa-5-hexene | g, o/_\o—/z
(1.73 g, 6.76 mmol) and K,CO3 1.0 g (7.24 mmoal) in dry
CH3CN (30 mL). Purification by preparative centrifugal thin
layer chromatography (eluent: CHCL).

Yield: 2.8 g (82.5 %); yellow oil; CooH180-F13Br (617).
'H-NMR (400 MHz; CDCk; JHZ): d = 7.21-7.35 (m, 3J(H, H) 84, 2 H, Ar-H), 6.73 (d ,
3J(H, H) 8.6, 1 H, Ar-H), 5.99-5.83 (m, 1H, CH=), 5.15-5.33 (m, 2 H, CH,=), 4.11-4.03 (m,
4 H, OCH,CH-0), 3.75 (m, 2 H, CHp), 2.66 (t, 2J(H, H) 7.4, 2 H, CH,Ar), 2.29-1.67 (m, 4
H, CH,CH,CR,).

CeF 13

8.6.6 Synthesis of the 3-[4-bromo-2-(semifluor oalkyl) phenyloxy] pr opane-1,2-diols 47

Dihydroxylation - general procedure 8.6.6: The appropriate 1-allyloxy-4-bromo-2-
semifluoroalkylbenzene (1.4 mmol), and NMMNO (1.2 mL, 7.1 mmol of 60 % solution in
water) were dissolved in acetone (20 mL). Osmium tetroxide (1.25ml of a 0.004 M solution
in tert-butanol) was added, and the solution was stirred 2 h at RT. Afterwards, saturated
aqueous NaSOs solution (5 mL) was added and the mixture was stirred for 30 min at RT.
The mixture was filtered over a silica bed. The residue was carefully washed twice with
acetone (50 mL), and the solvent was evaporated in vacuo. The residue was dissolved in
ethyl acetate (100 mL). The solution was washed with 10 % agueous H>SO4 (30 ml),
satuated NaHCOj3 solution (30 mL) and HO (30 mL). The organic layer was dried over
NaSQO,, and the solvent was evaporated in vacuo. Purification was done by recrystallization.

3-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)phenyloxy] pr opane-1,2-diol 47.1

Prepared according to the general procedure 8.6.6 from 45.1

(3.0 g, 5.23 mmol), NMMNO (2.5 mL, 60 % solution in water) /_(_OH
and osmiumtetroxide (2.5 mL, 0.004 M) in acetone (25 mL). | Bf © OH
Purification by recrystallization from hexane.

Yield: 2.1 g (65.6 %); colorless solid; mp: 56 °C; CigH16F13BrOs CoF iz
(607).

1H-NMR (200 MHz; CDCk; J/Hz): d = 7.30 (m, 2 H, Ar-H), 6.75 (d, 1 H, 3J(H, H) 8.6, Ar-
H), 402 (m, 3 H, ArOCH,CH), 3.76 (m, 2 H, CH,OH), 2.65 (t, 3J(H, H) 7.4, 2 H,
CH2C6F13), 2.22-1.83 (m, 4H, CH2CH2).
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3-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecy!) phenyloxy] pr opane-1,2-diol
47.2
Prepared according to the general procedure 8.6.6 from 45.2 /_(—OH
(3.0 g, 12.5 mmol), N-methylmorpholine-N-oxide (3 mL, 60 % | gy OH
solution in water) and osmiumtetroxide (1.7 mL, 0.004 M) in
acetone (50 mL). Purification by crystallization from hexane.
Yield: 21 g (65.6 %); colorless solid; mp: 48 °C-50 °C;
CxH1603F17Br (707).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.30 (m, 2 H, Ar-H), 6.75 (d, 1 H, 3J(H, H) 8.6, Ar-
H), 4.02 (m, 3 H, ArOCH,CH), 3.76 (m, 2 H, CH,OH), 2.65 (t, 2J(H, H) 7.4, 2 H, CHAr),
2.22-1.83 (m, 4 H, 2 CHy).

CgF17

3-(4-Bromo-2-1H,1H,2H,2H,3H,3H-per fluor otridecylphenyloxy)propane-1,2-diol 47.3
Prepared according to the general procedure 8.6.6 from 45.3
(20.8 g, 27.4 mmol), N-methylmorpholine-N-oxide (3 mL, /_(_O "
60 % solution in water) and osmiumtetroxide (3 mL 0.004 | Br O OH
M) in acetone (50 mL). Purification by recrystallization
from hexane.

Yidd: 14.1 (63.7 %); trandition temperatures (°C): Cr 77
SmA 100 Iso.

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.27 (dd, 3J(H, H) 8.8, J(H, H) 2.2, 1 H, Ar-H),
7.02 (d, 1 H, 3J(H, H) 8.7, Ar-H), 6.90 (d, 1 H, 3J(H, H) 8.8, Ar-H), 4.88 (d, 3J(H, H) 4.8, 1
H, OH), 4.60 (t, 3J(H, H) 5.5, 1 H, OH), 4.01-3.75 (m, 3 H, ArOCH,CH), 3.46 (m, 2 H,
CH,0H), 2.64 (t, *J(H, H) 7.3, 2 H, CH2Ar), 2.25-1.74 (m, 4 H CH,CH,).

CioF21

11-(4-Bromo-2-1H,1H,2H,2H,3H,3H-per fluor ononylphenyloxy)undecane-1,2-diol 47.4
Prepared according to the genera procedure 8.6.5 from oH
32.3 (2.5 g, 4.7 mmol), 11-bromo-undecyl-1,2-diol (1.2 g, ;,—)3(_
4.7 mmol) and K,CO;s (2.0 g, 145 mmol) in dry CHsCN | B © ~OH
(40 mL). Purification by recrystallization from ethanol.
Yidd: 1.4 g (522 %); colorless solid, mp: 35 °C;
CosH3203F13Br (719).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.34 (m, 2 H, Ar-H), 6.97 (d, 1 H, Ar-H), 4.38
(t,2J(H, H) 5.7, 1 H, OH), 4.25 (d, 3J(H, H) 4.68, 1 H, OH), 3.94 (m, 2 H, ArOCHy), 3.30
(m, 3 H, CH,O, CHOH), 2.60 (t, 3J(H, H) 7.8, 2 H, CH2Ar), 2.20 (m, 2 H, ArCHy>), 1.75 (m,
4H, 2 CH,), 1.35(m, 14 H, 7 CHy).

CeF1s3
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11-(4-Bromo-2-1H,1H,2H,2H,3H,3H-per fluor oundecylphenyloxy)-undecane-1,2-diol
47.5

Prepared according to the general procedure 8.6.5 from H
32.4 (2.0 g, 3.2 mmol), 11-bromoundecane-1,2-diol (0.8 g, m(—o
3.2 mmol), K,COs (2.0 g, 14.5 mmol) and KI (1 g) indry | °' ° on
CH3CN (40 mL). Purification by recrystalization from
ethanol. CoF1r
Yied: 1.3 g (51.9 %); colorless solid. mp: 69 °C;
CxH3oF1705Br (831)

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.30 (m, 2 H, Ar-H), 6.73 (d, 3J(H, H) 8.6, Ar-H),
3.96 (t, ®J(H, H) 6.25, 2 H, CH,OAr), 3.68 (m, 2 H, CH,OH), 3.47 (m, 1 H, CHOH), 2.66
(t, J(H, H) 7.23, 2 H, CH,CF>), 2.23-1.49 (m, 10 CH2, 20 H).

11-(4-Bromophenyl-4-oxy)undecane-1,2-diol 47.6
Prepared according to the general procedure
8.6.5 from 4-bromophenol (6.5 g, 37.3 \/\/\/\/\):OH
mmol), 11-bromoundecan-1,2-diol (8 g, Br‘@_o OH
29.8 mmol), K,COs (12 g, 86.9 mmal), Kl
(0.4 g), and CH3CN (60 mL).

Yield: 9 g (84.1 %); colorless solid; mp: 68 - 70 °C; C17H2703Br (359).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.36 (d, 2 H, 3J(H, H) 9.0, Ar-H), 6.77 (d, 2 H,
3J(H, H) 9.0, Ar-H), 3.89 (t, 3J(H, H) 6.4, 2 H, CH,OAr), 3.64 (m, 2 H, CH,OH), 3.45 (m,
1H, CHOH), 1.78 (m, 2 H, CHy), 1.29-1.54 (m, 14 H, 8 CH,).

3-(4-Bromo-2-1H,1H,2H,2H,3H,3H-per fluor opentadecylphenyloxy)propane-1,2-diol
47.8 Prepared according to the general procedure 8.6.5 from
45.8 (3.0 g, 3.4 mmol), N-methylmorpholine-N-oxide (3 /\<_O :
mL, 60 % solution in water) and osmiumtetroxide (1 mL, | Br O OH
0004 M) in acetone (50 mL). Purification by
recrystallization from hexane.

Yied:20 (641 %); colorless solid;, mp: 112 °C,
C24H1603F25Br (907).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.27 (m, 2 H, Ar-H), 6.75 (d, 1 H, 3J(H, H) 8.4, Ar-
H), 4.09-3.21 (m, 5 H, ArOCH,CHCH,O0H), 2.66 (t, 2J(H, H) 7.7, 2 H, CH,Ar), 2.19-1.87
(m, 4 H CH,CH,).

CioF2s
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8.6.7 Synthesis of the 4-{w-{4-bromo-2-(semifluor oalkyl) phenoxy]alkyl} -2,2-
dimethyl-1,3-dioxolanes 48

Protection of 1,2-diol groups - general procedure 8.6.7: A mixture of the appropriate w-
(4-bromo-2-semifluoroakylphenyloxy)alkane-1,2-diol (5.11 mmol), PPTS (200 mg) and
2,2-dimethoxypropane (50 mL) was stirred at RT for 24 h (TLC). The solvent was ditilled
off, the residue was dissolved in diethyl ether (100 mL) and washed with saturated aqueous
NaHCO;3; (2° 35 mL), H,O (2° 35 mL), brine (235 mL), and dried over NaSQO,4. The
solvent was ditilled off at a rotatory evaporator and the product was purified by column
chromatography (eluent: CHCb).

4-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)phenyloxymethyl]-
2,2-dimethyl-1,3-dioxolane 48.1
Prepared according to the genera procedure 8.6.7 from /_[0><
471 (31 g, 511 mmol), PPTS (200 mg) and 2,2- o)
dimethoxypropane (50 mL).

Yield: 3.1 g (92.4 %); yellow oil; Co1H30OBIF3 (647).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.30 (dd, *J(H, H)
2.5,%J(H, H) 8.6, 1H, Ar-H), 7.2 (d, *J(H, H) 2.3, 1 H, Ar-H), 6.70 (d, 1 H, 3J(H, H) 8.6,
Ar-H ), 4.00 (m, 5 H, OCH,CHCH,0), 2.72 (t, J(H, H) 7.43, 2 H, CH,CsF13), 1.99 (m, 4
H, CH,CHAr), 1.40 (2 s, 6 H, 2 CHs).

Br O

CeF13

4-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl) phenyloxymethyl]-
2,2-dimethyl-1,3-dioxolane 48.2
Prepared according to the general procedure 8.6.7 from 47.2 /_(O><
(6.6 g, 9.3 mmal), PPTS (200 mg) and 2,2-

dimethoxypropane (80 mL).

Yidd: 5.52 g (79.5 %); colorless solid; mp: 36 °C;
CxHy003F17Br (747). CeF17
'H-NMR (200 MHz; CDCk; J/HZ): d = 7.24 (m, 2 H, Ar-H), 6.73 (d, 3J(H, H) 8.6, 1 H,
Ar-H), 4.46-3.84 (m, 5 H, ArOCH,CHCH,0), 2.69 (t, 3J(H, H) 7.2, 2 H, CH»Ar), 2.21-
1.79(m,4H,2CH,), 1.42,1.37 (2, 6 H, 2 CHg).

Br o

4-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor otridecyl) phenyloxymethyl]-

2,2-dimethyl-1,3-dioxolane 48.3
: Q
Prepared according to the genera procedure 8.6.7 from 47.3 [ ><
(1.57 g, 1.94 mmal), PPTS (20 mg) and 2,2-dimethoxypropane | Br o °
(15 mL).
10Fa1
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Yield: 0.7 g (45.7 %); colorless solid; mp: 58 °C; Cy5H2003BrF>; (847).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.29 (m, 2 H, Ar-H), 6.73 (d, 3J 7.42, 1 H, Ar-H),
4.49

-3.84 (m, 5 H, ArOCH,CHCH,0), 2.65 (t, 2H, 2J(H, H) 7.32, CH,Ar), 2.17-1.87 (m, 4 H, 2
CH,), 1.42, 1.37 (2's, 6 H, 2 CH).

4-{ 4-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)phenyloxy]butyl} -
2,2-dimethyl-1,3-dioxolane 48.4

Prepared according to the general procedure 8.6.5
from 32.3 (2.1 g, 40 mmol), 4-(4-bromobutyl)-2,2- Br OWY\O

dimethyl-1,3-dioxolane 44 (1 g, 4.2 mmol), K>CO3 07L
(5.5, 39.9 mmol), CH3CN (10 mL).

Yidd: 23 g (8L7 %); yedlow waxy solid,
CxyH 26038”:13(689) .

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.27 (m, 2 H, Ar-H), 6.65 (d, 2J(H, H) 8.6, 1 H, Ar-
H), 4.00 (m, 4 H, ArOCH,, OCHy), 3.49 (t, *J(H, H) 7.3, 1 H, CHO), 2.68 (t, 2J(H, H) 7.4, 2
H, CHzAr), 2.20 (m, 2 H, CH3), 1.90-1.45 (m, 6 H, 3CH), 1.38, 1.33 (2 s, 6 H, 2 CHs).

CeF13

4-{ 9-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)phenyloxy] nonyl} -2,2-
dimethyl-1,3-dioxolane 48.5
Prepared according to the genera

procedure 8.6.7 from 47.4 (1.4 g, 1.95 Wo
Br O ><

mmol), PPTS (20 mg) and 2,2- o
dimethoxypropane (10 mL).
Yield: 1.46 g (98.6 %); yellow waxy CeFia

solid; C29H36038r|:13(759).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.27 (m, 2 H, Ar-H), 6.65 (d, 1 H, 3J(H, H) 8.4, Ar-
H), 4.02 (m, 4 H, ArOCH,, OCHy), 3.47 (t, 1 H, 3J(H, H) 7.3, CHO), 2.68 (t, 2J(H, H) 7.4, 2
H, CH,Ar), 2.17 (m, 2 H, CH>), 1.80 (m, 4 H, 2 CH,), 1.40 (m, 14 H, 7 CH>), 1.38, 1.33 (2
S, 2 CH3).

4-{ 4-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl) phenyloxy]butyl} -
2,2-dimethyl-1,3-dioxolane 48.6

Prepared according to the general procedure 8.6.5 | g, o

from 32.5 (3.8 g, 5.8 mmol), 4-(4-bromobutyl)-2,2- \/\/\0(7\&
dimethyl-1,3-dioxolane 44 (1.4 g, 5.91 mmol), K.COs

(7 g, 50.7 mmol), KI (1 g) and CH3CN (35 mL). CeF17

Yield: 1.5 g (32.0 %); colorless solid; mp: 68 °C-70 °C; CasHasF1703Br (789).
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'H-NMR (200 MHz; CDCk; J/Hz): d = 7.30 (m, 2 H, Ar-H), 6.72 (d, 3J(H, H) 8.6, Ar-H),
4.17-3.83 (m, 4 H, ArOCH,, CH,0), 3.55 (t, 3J(H, H) 7.0, 1 H, CHO), 2.67 (t, 3J(H, H)
7.4, 2 H, CH2AT), 2.27-1.48 (m, 4 H, 2 CH), 1.41, 1.35 (2 S, 2 CHs), 1.20-1.40 (m, 6 H, 2
CHy).

13C-NMR (100 MHz; CDCk; J/Hz): d = 157.1, 133.7, 132.6, 131.3, 113.8, 113.6, 109.8
(Ar-C), 76.8 (CH,0Ar), 70.3 (CHO), 68.8 (CH,0), 34.2 (CHAr), 31.5, 30.6, 27.7 (CHy),
26.4, 23.4 (CHs).

19F-NMR (188 MHz; DMSO-Dg; J/Hz) d = -82.53 (overlapped t, 3 F, CFs), -115.77 (m, 2
F, CH2CF2), -123.52 (m, 6 F, CH2CF2(CF2)3), -124.38 (m, 2 F, CF3(CF2)2CF2), -125.04
(m, 2 F, CF3CF2CF2), -127.80 (m, 2 F, CFgCFz).

4-{ 9-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl) phenyloxy] nonyl} -
2,2-dimethyl-1,3-dioxolane 48.7
Prepared according to the genera
procedure 8.6.7 from 47.5 (1.35 g, 1.65 By
mmol), PPTS (40 mg) and 22- O/\/\/\/\/\f\o
dimethoxypropane (15 mL). O7<
Yidd: 1.0 g (732 %); ydlow oil; CeF17

C31H36035r|:17 (859)

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.28 (m, 2 H, Ar-H), 6.73 (d, 3J(H. H) 8.6, 1 H,
Ar-H), 4.08 (m, 4 H, ArOCH,CH, CH,0), 3.50 (m, 1H, CHOH), 2.17 (m, 2 H, CHAr),
1.87 (m, 2H, CH), 1.2-1.41 (m. 16 H, 8 CH,), 1.42, 1.35 (2s, 2 CH3, 6 H).

4-[4-Bromo-2-(1H,1H,2H,2H,3H,3H-per fluor opentadecyl) phenyloxymethyl]-
2,2-dimethyl-1,3-dioxolane 48.8

Prepared according to the genera procedure 8.6.7 from 47.8

(180 g 198 mmol), PPTS (10 mg) and 2,2- g 3<
dimethoxypropane (15 mL). Br o °
Yield: 0.8 g (453 %); colorless solid, mp: 72 °C;

CorH2003BrF2s5 (947). C1oF2s

IH-NMR (200 MHz; CDCk; JIHz): d = 7.28 (m, 2 H, Ar-H),
6.72 (d, 33 8.6, 1 H, Ar-H), 4.46-3.86 (m, 5 H, ArOCH,CHCH,0), 2.65(t, 2H, 3J(H, H)
7.50, CHoAT), 2.15-1.83 (M, 4 H, 2CHy), 1.42, 1.37(2 s, 6 H, 2 CHy).
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8.6.8 Synthesis of theboronic acids49a, 73 and 49b

Synthesis of boronic acids - genaral procedure 8.6.8: The appropriate bromobenzene
derivative (46.1 mmol) was dissolved in dry THF (100 mL) and cooled to —78 °C. BuLi
(64.5 mmol, 40 mL of a 1.6 M in hexane) was added dropwise at that temperature.
Afterwards the solution was stirred at =100 °C for 15 min. Then trimethyl borate (16 mL,
143 mmol) was added dropwise at -78 °C. Afterwards, the solution was stirred over night at
room temperature. The mixture was cooled to 0 °C in an ice bath and 10 % HCI (115 mL)
was added carefully with stirring. Stirring was continued at 0 °C for 1 h, then diethyl ether
(150 mL) was added, and the organic layer was separated. The agueous layer was extracted
with diethyl ether (3x30 mL). The combined extracts were washed with HO (2x100 mL)
and dried over Na&SO,. The solvent was evaporated, and the residue was purified by
recrystallization.

3,4-Dimethoxybenzeneboronic acid 49a.1

Prepared according to the genera procedure 8.6.8 from 4-
bromoveratrole 17 (10.0 g, 46.1 mmol), BuLi (40.3 mL, 64.5 CH@QB(OH)Z
mmol, 1.6 M in hexane), dry THF (100 ml), trimethyl borate CHs0

(16 mL, 143.2 mmol), and 10 % HCI (115 mL). Purification
by recrystallization from ethyl acetate/petroleum ether 0.5:10.
Yield: 3.9 g (46.1 %); colorless solid; mp: 242 °C; CgH1104B (182).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.86 (dd, 3J(H, H) 8.0, J(H, H) 1.0, 1 H, Ar-H),
7.67 (d, J(H, H) 1.0, 1 H, Ar-H), 7.02 (d, 3J(H, H) 7.0, 1 H, Ar-H), 4.00, 3.96 (2's, 6 H, 2
CHa).

4-(1H,1H,2H,2H,3H,3H ,4H ,4H-Per fluor odecyl oxy) benzenebor onic acid 49a.2
Prepared according to the genera precedure 8.6.8 from
11Fa (3.2 g, 5.85 mmol), BuLi (5.1 mL, 8.16 mmol, 1.6 FBCG(CH2)4OO—B(OH)2
M in hexane), dry THF (20 mL), trimethyl borate (1.9
mL, 17.55 mmol), 10 % HCl (15 mL). Purification by recrystallization from ethyl
acetate/hexane 1:10.

Yield: 1.7 g (56.9 %); colorless solid; mp: 118 °C; C16H1403BF13(512)

'H-NMR (200 MHz; acetone-Ds; J/HZ): d =7.83 (d, 3J(H, H) 8.6, 2 H, Ar-H), 6.90 (m, 2 H,
Ar-H), 4.09(t, 3J(H, H) 6.05, 2 H, OCH,), 2.49-2.22 (m, 2 H, CH,CF>), 2.06-1.78 (m, 4 H,
CHzCHz).
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4-(1H,1H,2H,2H,3H,3H,4H,4H ,5H ,5H ,6H ,6H,7H,7H ,8H ,8H ,9H,9H ,10H,10H-
Per fluor ohexadecyloxy) benzenebor onic acid 49a.3

Prepared according to the genera precedure 8.6.8 from
. . F13CG(CH2)1004®7B(OH)2
11Fb (2.5 g, 4.0 mmal), BuLi (3.6 mL, 5.7 mmol, 1.6 M in

hexane), dry THF (20 mL), trimethyl borate (1.4 mL, 12.5 mmol), and 10 % HCI (15 mL).
Purification by recrystallization from toluene.

Yield: 1.3 g (55.1 %); colorless solid; mp: 95 °C; Ca2H2603F13B (596).

!H-NMR (200 MHz; CDCk; J/Hz): d = 8.15 (d, 3J(H, H) 8.4, 1H, Ar-H), 7.76 (d, 2J(H, H)
8.6, 1 H, Ar-H), 6.92 (d, 3J(H, H) 8.4, 2 H, Ar-H), 4.03 (t, *3J(H, H) 6.06, 2 H, OCH,), 1.24-
2.31(m, 18 H, 9 CHy).

4-M ethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)benzenebor onic acid 49a.4
Prepared according to the general precedure 8.6.8 from 33.2 (5
g, 11.2 mmoal), BuLi (9.8 ml, 15.7 mmol, 1.6 M in hexane), dry | H,CcO B(OH),
THF (50 mL), trimethyl borate (4 mL, 40.1 mmol), and 10 %
HCI (28 mL). Purification by recrystallization from ethyl acetate
/hexane 1:10.

Yield: 3.2 g (69.4 %); colorless solid; mp: 81 °C; C14H1403BFg (412).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.44 (m, 2 H, Ar-H), 6.89 (m, 1 H, Ar-H), 5.70 (br
s, 2 H, 20H), 3.86 (s, 3 H, CHs), 2.80 (t, 2 H, 3J(H, H) 7.2, ArCH,), 2.37-1.82 (m, 4 H, 2
CHy).

FoCyq

4-M ethoxy-3-nonylbenzeneboronic acid 73

Prepared according to the general precedure 8.6.8 from 4-
methoxy-3-nonylbromobenzene (7 g, 22.4 mmol), BuLi (21 mL, H3CO‘Q’B(OH)Z
33.6 mmol, 1.6 M in hexane), ), dry THF (50 mL), trimethyl HioC

borate (7.6 mL, 76.1 mmol), 10 % HCI (30 mL). Purification by
recrystallization from hexane.

Yield: 3.6 g (57.8 %); colorless waxy solid; C16H27O3B (278).
'H-NMR (200 MHz; acetone-Dg; J/Hz): d = 7.66 (m, 1 H, Ar-H), 6.86 (m, 2 H, Ar-H), 5.70
(br s, 2 H, 2 OH), 3.83 (s, 3 H, CHa), 2.59 (t, 2 H, 3J(H, H) 7.3, ArCH,), 1.56 (m, 2 H,
CHy), 1.28 (m, 12 H, 6 CHy), 0.87 (t, 3 H, CHa).
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4-Methoxy-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl) benzenebor onic acid 49a.5
Prepared according to the genera precedure 8.6.8 from 33.3
(7.0 g, 128 mmoal), BuLi (11.2 mL, 17.92 mmol, 1.6 M in
hexane), dry THF (50 mL), trimethyl borate (4.48 mL, 430.1
mmol), 10 % HCI (32 mL). Purification by recrystallization
from ethyl acetate/hexane 1:10. F13Ce
Yield: 4.16 g (63.5 %); colorless solid; mp: 97 °C; C16H1403BF13 (512).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.44 (m, 2 H, Ar-H), 6.89 (m, 1 H, Ar-H), 5.70 (br
s, 2 H, 2 OH), 3.86 (s, 3 H, CHg), 2.80 (t, 3J(H, H) 7.2, 2 H, ArCHy), 2.37-1.82 (m, 4 H, 2
CHy).

HsCO B(OH),

4-Methoxy-2-(1H,1H,2H,2H,3H,3H-per fluor oisodecyl) benzenebor onic acid 49a.6
Prepared according to the general precedure 8.6.8 from
33.4(3.0g, 5.0 mmal), BuLi (4.4 mL, 7.0 mmol, 1.6 M H.CO B(OH),
in hexane), dry THF (20 mL), trimethyl borate (1.8
mL, 15.9 mmol), and 10 % HCI (16 mL). Purification
by recrystallization from ethyl acetate/hexane 1:10.
Yield: 2.0 g (71.3 %); colorless solid; mp: 101 °C; C17H1403BF15 (562).

'H-NMR (200 MHz; acetone-Dg; J/HZ): d = 7.67 (m, 2 H, Ar-H), 6.92 (m, 1 H, Ar-H), 3.86
(s, 3H, CHs), 280 (t, 2 H, J(H, H) 7.42, ArCH,), 2.37-1.82 (m, 4 H, 2 CH,).

(F3C),CF(CF,)4

4-(2,2-Dimethyl-1,3-dioxolan-4-ylmethoxy)benzeneboronic acid 49b.1
4-(4-bromophenyloxymethyl)-2,2-dimethyl-1,3-dioxolane
(10.9 g, 40 mmol) was dissolved in dry THF (100 ml) ©

under an argon atmosphere, and cooled to =100 °C. Then ><C’j_\04®78(o”)2
BuLi (35 mL, 56 mmol, 1.6 M in hexane) was added
dropwise. During the addition, the temperature remained below —90 °C. Stirring was
continued at —100 °C for 15 min, then trimethyl borate (14 mL, 123.3 mmol) was added
dropwise at —90 °C. After stirring over night at RT, the mixture was cooled in an ice bath
and phosphate buffer pH = 5 (200 mL) was carefully added with stirring at 0 °C. Stirring
was continued at that temperature for 1 h, diethyl ether (150 mL) was addedm and the
organic layer was separated. The aqueous layer was extracted with diethyl ether (3x30 mL).
The combined exacts were washed with HO (2x100 mL) and dried over N&SO,4. The
solvent was distilled off in vacuum, and n-pentane was added to the residue. The precipitate
was filtered and washed with n-pentane. The product was purified by recrystallization from
toluoene

Yield: 5.6 g (55.9 %); colorless solid; mp: 85 °C.
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1H-NMR (400 MHz; acetone-Ds; J/Hz): d = 7.83 (d, 3J(H, H) 8.4, 2 H, Ar-H), 7.02 (m, 2 H,
Ar-H), 447 (m, 1 H, CH,CH), 4.18-3.85(m, 4 H, ArOCH,CHOCH,), 1.32, 1.37 (2 s, 2
CHa).

4-[4-(2,2-Dimethyl-1,3-dioxolan-4-yl)-3-oxabutoxy] benzenebor onic acid 49b.2
Prepared according to the procedure described for
49Db.1 from 4-[4-(4-bromophenoxy)-2-oxabutyl]-2,2- >( O‘z;
dimethyl-1,3-dioxolane 14 (6.3 g, 20 mmol), BuLi © o/_\o@—B(OH)Z
(17 mL, 28 mmoal, 1.6 M in hexane), dry THF (50
mL), trimethyl borate (7 mL, 61.5 mmol), phosphate buffer pH=5 (100 mL). The crude
product was used without further purification for the next step.

Yield: 1.5 g (46.2 %); colorless waxy solid; Ci14H2106B (296).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.83 (d, 3J(H, H) 8.8, 2 H, Ar-H), 6.93(d, 3J(H, H)
8.6, 2 H, Ar-H), 4.25-3.49 (m, 9 H, CH,CH,OCH,CHCH,0), 2.84(s, 3 H, CHz), 1.26, 1.32
(2s,6 H, 2 CHg).

4-[4-(2,2-Dimethyl-1,3-dioxolan-4-yl)butoxy] benzeneboronic acid 49b.3
Prepared according to the procedure described for
49b.1 from  4-[4-(4-bromophenyloxy)butyl]-2,2- ><
dimethyl-1,3-dioxolane (6.3 g, 20 mmoal), BuLi (17
mL, 28 mmol, 1.6 M in hexane), dry THF (50 mL),
trimethyl borate (7 mL, 61.5 mmoal), phosphate buffer OOB(OH)Z
pH=5 (100 mL). The crude product was used without
further purification for the next step.

Yield: 2.5 g (42.5 %); colorless waxy solid; C15Hz3OsB (294).

'H-NMR (200 MHz; CDCk, J/Hz): 7.80 (d, 2 H, 3J(H, H) 8.6, Ar-H)), 6.89 (m, 2 H, Ar-H),
4.20-3.99 (m, 4 H, ArOCH,, CH,0H), 3.50 (m, 1 H, CHOH), 1.84 (m, 2 H, CH, ), 1.62 (m,
4H,2CHp), 1.31,1.26 (25, 2 CHs).

4-(2,2-Dimethyl-1,3-dioxolan-4-ylmethoxy)-3-hexylbenzeneboronic acid 49b.4
Prepared according to the procedure described for 49b.1
from 4-(4-bromo-2-hexylphenyloxymethyl)-2,2- ><Oj—\
dimethyl-1,3-dioxolane (3.3 g, 8.9 mmol), BuLi (7.8 o} O‘QB(OH)Z
mL, 12.4 mmol, 1.6 M in hexane), dry THF (50 mL), CeHib

trimethyl borate (3.1 mL, 27.7 mmol), phosphate buffer
pH=5 (50 mL). The crude product was used without further purification for the next step.
Yield: 1.5 g (49.0 %); colorless crystals, mp: 110 °C; C1gH2905B (337).
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'H-NMR (400 MHz; acetone-Dg; J/HZ): d = 7.69 (m, 2 H, Ar-H), 6.93 (m, 1 H, Ar-H), 4.48
(m, 1 H, CH,CH), 4.18-3.85 (m, 4 H, ArOCH,, OCH>), 2.59 (t, 2 H, 3J (H, H) 7.42, CH,),
1.58 (m, 2 H, CHp), 1.33 (2 s, 2 CHs), 1.28 (m, 6 H, 3 CHy), 0.87 (t, 3J (H, H) 7.0, CHa).
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8.6.9 Synthesis of the 4,4¢dimethoxybiphenyl derivatives 50, the 4,44¢

dimethoxyter phenyl derivatives 55, 75, 76 and the 4-bromo-3¢nonyl-4¢
methoxybiphenyl 75

4,4¢-Dimethoxy-3-per fluor obutylbiphenyl 50.1

Prepared according to the general procedure 8.4.2 from 43.1 \

L CHL0 O Q OCH;
(3 9, 7.4 mmol), 4-methoxybenzeneboronic acid (1.3 g, 8.9

mmol), Pd(PPhs)s (0.2 g), glyme (45 mL), and saturated CaFo

NaHCOs solution (35 mL). Purification by recrystallization from methanol/ethyl acetate
1.5.

Yield: 1.2 g (43.6 %); colorless solid; mp: 58 °C; CigH1302F (387).

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.67 (m, 2 H, Ar-H), 7.47 (m, 2 H, Ar-H), 6.98 (m,
3H, Ar-H), 3.88,3.87 (2,6 H, 2 CHs).

4,4¢-Dimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor ohexyl)biphenyl 50.2
Prepared according to the general procedure 8.4.2 from
33.1 (39, 7.5 mmol), 4-methoxybenzeneboronic acid (1.4 | ¢y 0 O Q OCH,
g, 9.1 mmoal), glyme (45 mL), saturated NaHCO3 solution
(35 mL) and Pd(PPhs)s (0.2 g). Purification by
preparative centrifugal thin layer chromatography (eluent: sF7
CHCL).

Yield: 2.7 g (48.1 %); yellow waxy solid, CooH190:F7 (424).

'H-NMR (200 MHz; J/HZ): d = 7.57 (m, 2 H, Ar-H), 7.31 (m, 2 H, Ar-H), 6.98 (m, 3 H, Ar-
H ), 385 (s, 6 H, 2 CH30), 2.75 (t, 3J(H, H) 7.6, 2 H, CH2Ar), 1.93-2.14 (m, 4 H,
CH,CH,CR,).

4,4¢Dimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)biphenyl 50.3
Prepared according to the genera procedure 8.4.2 from
33.2 (2.79, 6.0 mmol), 4-methoxybenzeneboronic acid CH,O Q Q OCH,
(1.1 g, 7.2 mmol), glyme (45 mL), saturated NaHCOs
solution (35 mL), Pd(PPhs)s (0.2 g). Purification by
preparative centrifugal thin layer chromatography aFo
(eluent: CHC).

Yield: 2.7 g (48.1 %); yellow waxy solid; Co1H1902F13 (474).

'H-NMR (200 MHz; CDCk; J/Hz): d= 7.45 (d, 3J(H, H) 8.8, 2 H, Ar-H), 7.36 (m, 2 H, Ar-
H), 6.92 (m, 3 H, Ar-H), 3.84 (s, 6 H, 2 CH30), 2.74 (t, 3J(H, H) 7.2, 2 H, CHzAr), 1.86-
2.26 (m, 4 H, CH2CH,CF,).
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4,4¢-Dimethoxy-3-per fluor ooctylbiphenyl 50.4
Prepared according to the general procedure 8.4.2 from
43.2 (1.9 g, 3.1 mmol), 4-methoxybenzeneboronic acid CH3O@_QOCH3
(0.6 g, 3.8 mmoal), glyme (35 mL), saturated NaHCO3 CaFir
solution (20 mL), and Pd(PPhs)4 (0.1 g). Purification by

preparative centrifugal thin layer chromatography (eluent: CHCB).

Yield: 1.2 g (59.1 %); yellow solid; mp: 82 °C; CyH1302F17 (632).

IH-NMR (200 MHz; J/H2): d = 7.64 (m, 2 H, Ar-H), 7.43 (m, 2 H, Ar-H), 6.98 (m, 3 H, Ar-
H), 3.88,3.83 (2's, 6 H, 2 CHy).

4,4¢-Dimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)biphenyl 50.5
Prepared according to the general procedure 8.4.2

from 334 (31 g 52 mmol), 4 | cuo Q Q OCHs

methoxybenzeneboronic acid (0.9 g, 6.2 mmol),
glyme (45 mL), saturated NaHCOs solution (35
mL), Pd(PPhs)s (0.2 ). Purification by (CF24CF(CFa)

preparative centrifugal thin layer chromatography (eluent: CHCE).

Yield: 2.7 g (48.1 %); yellow waxy solid; Co1H1902F13 (474).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (d, 3J(H, H) 8.8, 2 H, Ar-H), 7.29 (m, 1 H, Ar-
H), 6.92 (m, 3 H, Ar-H), 3.84 (s, 6 H, 2 CHz0), 2.73 (t, 2J(H, H) 7.4, 2 H, CH,Ar), 1.84-
2.25(m, 4 H, CH,CH2CR).

4,4¢-Dimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)biphenyl 50.6
Prepared according to the general procedure 8.4.2

from 336 (36 g, 4.8 mmol), 4- CHO O O OCH,
methoxybenzeneboronic acid (0.9 g, 5.7 mmol), glyme

(45 mL), saturated NaHCO3 solution (35 mL), and
Pd(PPhg)s (0.2 g). Purification by preparative CioFn
centrifugal thin layer chromatography (eluent: CHCL).
Yield: 1.2 g (32.7 %); yellow waxy solid; Co7H1902F1(774).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (d, *J(H, H) 8.8, 2 H, Ar-H), 7.24 (m, 2 H, Ar-
H), 6.88 (m, 3 H, Ar-H), 3.84 (s, 6 H, 2 CH30), 2.71 (t, 3J(H, H) 7.4, 2 H, CH2Ar), 1.96-
2.11 (m, 4 H, CH2CH,CF,).
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4,4¢-Dimethoxy-3-(1H,1H,2H,2H,3H,3H,4H,4H,5H,5H,6H,6H,7H,7H,8H,8H,
9H,9H,10H,10H,11H,11H,12H,12H-per fluor ooctadecyl)biphenyl 50.7
Prepared according to the general procedure 8.4.2 from
41 (2.3 g, 3.4 mmol), 4-methoxybenzeneboronic acid HCO o CHa
(0.5 g, 3.4 mmol), glyme (35 mL), saturated NaHCO3

solution (25 mL), and Pd(PPhs)4 (0.2 g). Purification by 2 Gz
preparative centrifugal thin layer chromatography (eluent: CHCB).

Yield: 310 mg (13.0 %); colorless solid; mp: 40 °C; Cs2H3702F13 (700).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.53 (d, 2J(H, H) 8.8, 2 H, Ar-H), .38 (m, 2 H, Ar-
H), 6.85-7.01 (m, 3 H, Ar-H), 3.86, 3.85 (2's, 6 H, 2 CHa), 2.68 (t, 2J(H, H) 7.4, 2 H, CHy),
2.26-1.94 (m, 4 H, 2 CH,), 1.66-1.55 (18 H, 9 CH,).

4,4¢Dimethoxy-2-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)biphenyl 50.8
Prepared according to the general procedure 8.4.2
from 37.1 (3 g, 6.7 mmol), 4-methoxybenzeneboronic CHO O Q ocH,
acid (1.2 g, 8.0 mmol), glyme (40 mL), saturated

NaHCO;3; solution (35 mL) and Pd(PPhg)s (0.2 Q).
Purification by  preparative centrifugal thin layer FoCy
chromatography (eluent: CHCb).

Yield: 1.74 g (86.3%); yellow oil; Cp1H190xFg (474).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.22 (m, 3 H, Ar-H), 6.99 (d, 3J(H, H) 8.8, 2 H, Ar-
H), 6.86 (m, 2 H, Ar-H), 3.87, 3.86(2's, 6 H, 2 CHs), 2.71 (t, 2J(H, H) 7.6, 2 H, CHy), 2.01-
1.77(m, 4 H, 2CH,).

4,4¢-Dimethoxy-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 50.9
Prepared according to the genera procedure 8.4.2 from
37.2 (3 g, 55 mmol), 4-methoxybenzeneboronic acid (1 | cno O Q OCH;
g, 6.6 mmol), glyme (45 mL), saturated NaHCO;
solution (35 mL), and Pd(PPhs)4 (0.2 g). Purification by
preparative centrifugal thin layer chromatography
(eluent: CHCE).

Yield: 1.5 g (48.1%); colorless solid; mp: 97 °C; CazH1902F13 (574).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.18 (m, 3 H, Ar-H), 6.94 (m, 2 H, Ar-H), 6.81 (m,
2H, Ar-H), 3.84 (2 s, 6 H, 2 CHs), 2.66 (t, 2J(H, H) 7.6, 2 H, ArCH,), 1.93-1.56 (m, 4 H,
CHy).

F13Cs
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4,4¢-Dimethoxy-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)biphenyl 50.10
Prepared according to the general procedure 8.4.2 from
37.3 (2.4 g, 3.7 mmol), 4-methoxybenzeneboronic acid CH,0
(0.7 g, 4.5 mmoal), glyme (35 mL), saturated NaHCO3
solution (25 mL), and Pd(PPhs)4 (0.1 ). Purification by
preparative centrifugal thin layer chromatography
(eluent: CHC).

Yield: 2.1 g (83.7 %); colorless solid; mp: 45°C; CpzH1902F17 (674).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.17 (m, 3H, Ar-H), 6.91 (m, 2 H, Ar-H), 6.79 (m,
2H, Ar-H), 3.87,3.82 (25, 6 H, 2 CHa), 2.64 (t, 3J(H, H) 7.6, 2 H, CH,), 1.94-1.69 (m, 4 H,
2 CHy).

OCH,4

F17Cg

4,4¢Dimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)-3¢dodecylbiphenyl 50.12

Prepared according to the general procedure 8.4.2 from 4-
methoxyl-3-dodecylbromobenzene (0.3 g, 1.0 mmal), CH;0 O Q OCH,
49a.5 (05 g, 1.0 mmol), glyme (45 mL), saturated
NaHCOj3; solution (35 mL), Pd(PPhs)4 (0.1 g). Purification
by preparative centrifugal thin layer chromatography

C12H25

I:13C6

(eluent: CHCB).

Yield: 0.4 g (65.7 %); yellow solid; mp: 30 °C; CasH4302F13 (743).

1H-NMR (200 MHz; CDCk; JHz): d = 7.42 (m, 4 H, Ar-H), 6.89 (m, 2 H, Ar-H), 3.86,
3.85(2s, 6 H, 2 CHg), 2.77-2.53 (M, 4 H, 2 CHoAT), 2.16-1.93 (M, 4 H, 2 CHy), 1.61 (m, 2
H, CH,), 1.26 (m, 12 H, 6 CH,), 0.88 (t, *J(H, H) 7.0, 3 H, CHg).

3¢4¢4-Trimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 65

Prepared according to the general procedure 8.4.2 from
33.3(3.3g,6.0 mmol), 49a.1 (1.3 g, 7.1 mmol), glyme (90 | HsCO O Q OCH,
mL), saturated NaHCOs solution (70 mL), Pd(PPhs)4 (0.2 H.CO
g). Purification by preparative centrifugal thin layer

C
chromatography (eluent: CHCE). oF13

Yield: 2.6 g (72.5 %); yellow solid; mp: 70 °C; CoaH103F 13 (604).

IH-NMR (200 MHz; CDCk;J/Hz): d = 7.41.(dd, *J(H, H) 8.4, *J(H, H) 2.8, 1 H, Ar-H), 7.31
(d, *J(H. H) 2.5, 1 H, Ar-H), 7.06 (m, 2 H, Ar-H ), 6.94 (dd, J(H, H) 8.2, J(H, H) 2.7, 2 H,
Ar-H), 3.95, 3.92, 3.87 (3 s, 3 CHa), 2.77 (t, 2J(H, H) 7.4, 2 H, CH,Ar), 1.90-2.28 (m, 4
H,CF.CH,CHy).
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4,4¢-Dimethoxy-3,3¢bis(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 50.11
Prepared according to the general procedure 8.4.2 from
33.3 (2 g, 3.7 mmal), 49a.5 (2.0 g, 4.0. mmol), glyme CHo Q Q ocH,
(35 mL), saturated NaHCOs; solution (25 mL),

Pd(PPhg)s (0.1 ). Purification by preparative
centrifugal thin layer chromatography (eluent: CHCE). F1Cq oF13
Yield: 1.2 g (78.9 %); yellow waxy solid; GoH240F 2
(934).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.37 (dd, 3J(H, H) 8.6, “J(H, H) 2.3, 2 H, Ar-H),
7.27 (m, 2 H, Ar-H), 6.91 (m, 2 H, Ar-H), 3.84 (s, 6 H, 2 CH30), 2.74 (t, 3J(H, H) 7.4, 4 H,
2 CHAr), 1.96-2.18 (m, 8 H, 2 CH,CHCF,).

4,4¢-Dimethoxy-3,3¢bis(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)biphenyl 50.13

Prepared according to the genera
procedure 8.4.2 from 33.4 (2.1 g, 3.6 CHO Q Q OCHs

mmol), 49a.6 (2.0 g, 3.6 mmoal), glyme
(45 mL), saturated NaHCO3 solution | (CF3),CF(CFyy4 (CF)4CF(CFy;
(35 mL), Pd(PPh)s (0.2 q).

Purification by preparative centrifugal
thin layer chromatography (eluent: CHCL).

Yied: 1.2 g (32.7 %); yellow waxy solid; Co7H1902Fx (774).

'H-NMR (200 MHz; CDCk J/Hz): d = 7.46 (d, *J(H, H) 8.8, 2 H, Ar-H), 7.24 (m, 2 H, Ar-
H), 6.88 (M, 2 H, Ar-H), 3.84 (s, 6 H, 2 CHz0), 2.71 (t, 3J(H, H) 7.4, 2 H, CHAr), 1.96-
2.11 (m, 4 H, CH,CH2CR).

4,46 Dimethoxy-3,3@-bis(1H,1H,2H,2H,3H,3H-per fluor oheptyl)-p-ter phenyl 55.1
Prepared according to the genera procedure
8.4.2 from 33.3 (3.0 g, 6.7 mmol), benzene-1,4- CH.0 Q Q Q OCHj
diboronic acid (0.5 g, 3.1 mmal), glyme (40
mL), saturated NaHCO3 solution (25 mL), and
Pd(PPhs), (0.3 g). Purification by preparative | FoC4 CaFo
centrifugal thin layer chromatography (eluent: CHCkL/MeOH 10:1).
Yield: 0.5 g (19.8 %); yellow solid; mp: 154 °C; C34H2s02F15 (811).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (d, *J(H, H) 8.8, 2 H, Ar-H), 7.24 (m, 2 H, Ar-
H), 6.88 (m, 3H, Ar-H ), 3.84 (s, 6 H, 2 CHs0), 2.71 (t, *J(H, H) 7.4, 2 H, CH.Ar), 1.96-
2.11 (M, 4 H, CH,CH,CFR).
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4,46 Dimethoxy-2,26-bis(1H,1H,2H,2H,3H,3H-per fluor ononyl)-p-ter phenyl 55.2
Prepared according to the genera procedure
8.4.2 from 37.2 (3.0 g, 5.5 mmol), benzene-1,4- CHO O Q Q OCH;
diboronic acid (0.4 g, 24 mmol), glyme (40
mL), saturated NaHCO3 solution (25 mL), and
Pd(PPhg)s (0.3 ). Purification by preparative
centrifugal thin layer chromatography (eluent:
CHCly).

Yield: 2.2 g (92.2 %); yellow waxy solid;. CzgH2s02F26 (1011).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (d, 3J(H, H) 8.8, 2 H, Ar-H), 7.24 (m, 2 H, Ar-
H), 6.88 (m, 3H, Ar-H), 3.84 (s, 6 H, 2 CHz0), 2.71 (t, 3J(H, H) 7.43, 2 H, CH.ATr), 1.96-
2.11 (m, 4 H, CH2CH,CF,).

F13C4 CeF13

4,4@ Dimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)-3@nonly ter phenyl 76

4-Bromo-3¢nonyl-4¢methoxybiphenyl 75

Prepared according to the general procedure 8.4.2 from
1-bromo-4-iodobenzene (2.9 g, 10.3 mmoal), boronic acid CHO 6 Q .
74 (2.9 g, 10.3 mmol), glyme (70 mL), saturated NaHCO3 7

solution (60 mL), and Pd(PPh)s (0.2 g). The reaction was H1sC9

carried out at 40 °C. Purification by preparative centrifugal thin layer chromatography
(eluent: CHCE).

Yield: 2.5 g (62.3 %); yellow oil; Cy2H290BTr (389).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.53 (d, 3J(H, H) 838, 2 H, Ar-H), 7.44-7.24 (m, 4
H, Ar-H), 6.92 (m, 1 H, Ar-H ), 3.86 (s, 3 H, CHz0), 2.67 (t, J(H, H) 7.3, 2 H, CHAT),
1.63 (M, 2 H, CHp), 1.29 (m, 12 H, 6 CHy), 0.90 (t, *J(H, H) 6.6, 3 H, CHs).

4,4asDimethoxy-3-(1H,1H,2H,2H,3H,3H-per fluorononyl)-3dsnonly terphenyl 76
Prepared according to the general procedure 8.4.2
from 75 (2.4 g, 6.2 mmol), boronic acid 49a.5
(316 g, 6.2 mmol), glyme (45 mL), saturated
NaHCOs solution (35 mL) and Pd(PPhg)s (0.2 g).
Purification by preparative centrifugal thin layer
chromatography (eluent: CHCL), followed by recrystallization from ethyl acetate/methanol:
10:1.

Yield: 2.24 g (39.6 %); colorless solid; mp: 167 °C; CsgHa10:F13 (777).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.59 (m, 4 H, Ar-H), 7.48-7.34 (m, 4 H, Ar-H), 6.92
(m, 2H, Ar-H), 3.86 (s, 6 H, 2 CH30), 2.76 (t, J(H, H) 7.6, 2 H, CHAr), 2.65 (t, 2J(H, H)
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7.6, 2 H, CHAT), 2.19-1-91 (m, 4 H, 2 CH,), 1.65 (m, 2 H, CHy), 1.26 (m, 12 H, 6 CHy),
0.86 (t, 2J(H, H) 7.0, 3 H, CHy).

8.6.10 Synthesis of the acetonides 59, 60 and 63

2,2-Dimethyl-4-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-3-(1H,1H,
2H,2H,3H,3H-per fluor oundecyl)biphenyl-4-yloxymethyl}-1,3-dioxolane 59.1
Prepared according to the genera procedure
8.4.2 from 48.2 (2.0 g, 2.7 mmol), 49b.1 (0.7 o O\}\
g, 27 mmoal), glyme (40 mL), saturated ><oj_\ o} O Q o/_</o
NaHCOs solution (35 mL) and Pd(PPhs)s
(0.1 g). Purification by preparative
centrifugal thin layer chromatography
(eluent: CHCE).

Yield: 1.71 g (72.6 %); colorless solid; mp: 88-90 °C; C3sH3506F17 (875).

'H-NMR (200 MHz; CDCk; J/Hz): d =7.45 (d, 3J(H, H) 8.8, 2 H, Ar-H), 7.36 (m, 2 H, Ar-
H), 6.90 (m, 3 H, Ar-H), 4.48 (m, 1 H, CHO), 4.20-3.86 (m, 9 H, 2 ArOCH,, 2 OCHj,
CHO), 2.77 (t, 3J(H, H) 7.6, 2 H, CH2Ar), 1.92-2.152 (m, 4 H, CF2.CH,CH>), 1.52, 1.46,
1.45,1.39 (4 s, 4 CHg).

CeF17

2,2-Dimethyl-4-(4-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl) methoxy]-3-(1H,1H,
2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxy}buyl)-1,3-dioxolane 59.2

Prepared according to the generd o
procedure 8.4.2 from 484 (23 g, 3.3 74
mmol), 49b.1 (0.9 g, 3.5 mmal), glyme (45
mL), saturated NaHCO3 solution (35 mL), ><Oj—\

PA(PPhy)s (0.2 @). Purification by | ©— °© O Q °
preparative  centrifuga thin layer
chromatography (eluent: CHCLb). CeF13

Yield: 1.4 g (51.8 %); colorless solid; mp:
58 °C; C36H4106F13 (817).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (d, 3J(H, H) 7.8, 2 H, Ar-H), 7.28 (m, 2 H, Ar-
H), 6.97 (m, 3H, Ar-H), 4.45 (m, 1 H, CHOH), 4.20-3.82 (m, 9 H, 2 ArOCH_, 2 CH,0,
CHO), 2.67 (t, 3J(H, H) 7.2, 2 H, CH,AT), 2.67 (t, 3J(H, H) 7.2, 2 H, CH,Ar), 2.20-1.40 (m,
10H,5CHy), 1.39,1.34, 1.52, 1.54 (12 H, 4 CH).

2,2-Dimethyl-4-(9-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl)methyloxy]-3-(1H,1H,2H,
2H,3H,3H-per fluor ononyl)biphenyl-4-yloxy} nonyl)-1,3-dioxolane 59.3
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Prepared according to
the general procedure

8.4.2 from48.5 (2.0 g, 0)(
2.9 mmol), 49b.1 (0.8
g, 3.2 mmol), glyme ><(ij—\

(45 mL), saturated S © O Q ©
NaHCOs solution (35
mL), Pd(PPhs)4 (0.2
g). Purification by
preparative centrifugal thin layer chromatography (eluent: CHCE).

Yield: 0.6 g (25 %); colorless solid; mp: 79 °C; C41H5106F13 (886).

'H-NMR (200 MHz; J/HZ): d = 7.61-7.23 (m, 4 H, Ar-H), 7.01-6.83 (m, 2 H, Ar-H),
4.45(m, 1 H, CHOH), 4.20-3.82(m, 9 H, 2 ArOCH,, 2 OCH,, OCH), 2.67 (t, 2J(H, H) 7.2, 2
H, CHzAr), 2.20 (m, 2 H, CF,CH>), 1.90 (m, 4 H, 4 CH,), 1.40 (m, 14 H, 7 CHy), 1.39,
1.34,1.48,1.54 (45, 12 H, 4 CHs).

CeF13

2,2-Dimethyl-4-(4-{4'-[4-(2,2-dimethyl-1,3-dioxolan-4-yl)butyloxy]-3-(1H,1H,2H,2H,
3H,3H-perfluor ononyl)biphenyl-4-yloxy}butyl)-1,3-dioxolane 59.4
Prepared according to the

¢ O
general procedure 8.4.2 from >( 7<
48.4 (2.1 g, 3.1 mmol), 49b.3

(0.9 g, 3.1 mmoal), glyme( 45

mL ), saturated NaHCOj3 solution ° O Q °
(35 mL) and Pd(PPhs)s (0.2 Q).
Purification by  preparative CoFis
centrifugal thin layer
chromatography (eluent: CHCE).
Yield: 1.3 g (48.3 %); yellow waxy solid; CzgH4706F13 (859).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.2-7.4 (m, 4 H, Ar-H), 6.80-7.00(m, 3 H, Ar-H),
4.20-3.95 (m, 8 H, 2 ArOCH,, 2 CH,0), 3.50 (m, 2 H, 2 CHO), 2.74 (t, 3J(H, H) 7.6, 2 H,
CH>Ar), 2.14 (m, 2 H, CH2CF,), 1.34-1.98 (m, 14 H, 7 CH,), 1.41, 1.40, 1.35, 1.34 (4 s, 12
H, 4 CHg).

2,2-Dimethyl-4-(4-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-3¢(1H,1H,2H,2H,
3H,3H-per fluor oundecyl)biphenyl-4-yloxy}butyl)-1,3-dioxolane 59.5

Prepared according to the general procedure 8.4.2 from48.2 (1.0 g, 1.3 mmol), 49b.3 (0.4
g, 1.3 mmol), glyme (40 mL), saturated NaHCO;3 solution (35 mL), and Pd(PPhs)4 (0.2 Q).
Purification by preparative centrifugal thin layer chromatography (eluent: CHCE).
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Yield: 1.1 g (91.7 %); colorless solid,;
mp: 88-90 °C; C3gH OgF17 (916). O7<
'H-NMR (200 MHz; CDCk; J/Hz): d o
=7.60-7.20 (m, 4 H, Ar-H), 6.89 (m, ><Oj_\

3 H, Ar-H), 4.48 (m, 1H, CHO), 4.20- o) 0 Q Q O

3.80 (m, 9 H, 2 ArOCH>, 2 OCH,),
3.51(m, 1H, CHO), 2.71 (t, 3J(H, H)
7.0, 2 H, CHAr), 2.26 (m, 2 H,
CF,CH,), 1.83-1.21 (m, 8 H, 4 CH,).

F17Cg

2,2-Dimethyl-4-(4-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl) methoxy]-3-(1H,1H,2H,2H,
3H,3H-per fluor oundecyl)biphenyl-4-yloxy}butyl)-1,3-dioxolane 59.6

Prepared according to the general 5
procedure 8.4.2 from48.6 (1.5 g, 1.8 74
mmol), 49b.1 (0.5 g, 1.8 mmol), ©

o)
glyme (25 mL), saturated NaHCOg3
AT e

solution (20 mL), Pd(PPhs)s (0.1 Q).
The product was purified by
preparative centrifugal thin layer CoF
chromatography (eluent: CHCb).
Yied: 1.0 g (59.2 %); colorless solid; mp: 88-90 °C; C3gH410sF17(917).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.55 (m, 4 H, Ar-H), 6.88 (m, 3 H, Ar-H), 4.55 (m,
1H, CHO), 4.08 (m, 8 H, 2 ArOCH>, 2 OCH>), 3.50 (m, 1 H, CHO), 2.73 (t, 3J(H, H) 7.0,
2 H, CH2Ar), 2.07 (m, 2 H, CF,CHy), 1.87 (m, 2 H, CH,CH,CF,), 1.82-1.41 (m, 6 H, 3
CHy), 1.53, 1.46, 1.39, 1.33 (4 s, 12 H, 4 CHs3).

2,2-Dimethyl-4-(9-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-3-(1H,1H,2H,
2H,3H,3H- perfluor oundecyl)biphenyl-4-yloxy}nonyl)-1,3-dioxolane 59.7

Prepared according to

the general procedure ?
8.4.2 from 48.7 (1.6 g, O/V
1.9 mmol), 49b.1 (0.5 g,
1.9 mmoal), glyme (40 ><Oj—\
mL), saturated NaHCO; o— © O Q ©
solution (20  mL),
Pd(PPhs)s (01 9).
Purification by
preparative centrifugal thin layer chromatography (eluent: CHCE).

CgF17
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Yield: 0.67 g (35.8 %); yellow solid; mp: 45 °C; Cy3Hs106F17(987).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.55 (m, 4 H, Ar-H), 6.99 (m, 3 H, Ar-H), 4.55
(m, 1 H, CH), 4.21-3.85 (m, 8 H, 2 ArOCH,, 2 OCH,), 3.47 (m, 1 H, OCH), 2.68 (t, 3J(H,
H) 7.0, 2 H, CHAr), 2.30 (m, 2 H, CF,CHy), 2.22 (m, 2 H, CHy), 1.42-1.23 (m, 16 H, 8
CH,), 1.25, 1.30, 1.39, 1.46 (4 s, 4 CHs).

2,2-Dimethyl-4-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-3'-methyl-3-
(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxymethyl}-1,3-dioxolane 59.8
Prepared according to the general procedure
8.4.2 from 48.1 (0.9 g, 1.4 mmal), 4-(2,2- o o \A
di methyl-1,3-dioxol'an-4-'ylmethyoxy)-2— o\)—\o O Q /—Q/o
methylphenylboronic acid (0.4 g, 1.5mmol),

glyme (30 mL), saturated NaHCOj3 solution (25 HC

mL), and Pd(PPhs)s (0.1 g). Purification by 6F13
preparative centrifugal thin layer chromatography (eluent: CHCE).

Yield: 0.71 g (65.7 %); colorless solid; mp: 70 °C; CzgH4106F17(917).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.39 (m, 4 H, Ar-H), 6.90 (m, 2 H, Ar-H), 4.55 (m,
2 H, 2 CHO), 4.22-3.94 (m, 8 H, 2 ArOCH;,, 2 OCHy), 2.78 (t, 2J(H, H) 7.4, 2 H, CH.Ar),
2.64 (m, 2 H, CHAr), 2.31 (s, 3H, CHg), 2.22-1.94 (m, 4 H, 2 CH,), 1.50, 1.49, 1.44, 1.43
(4s,12H, 4 CHg).

2,2-Dimethyl-4-{4'-[(2,2-dimethyl-1,3-dioxolan-4-yl)methoxy]-3'-hexyl-3-
(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxymethyl}-1,3-dioxolane 59.9

Prepared according to the genera procedure
8.4.2 from 48.1 (0.9 g, 14 mmol), 49b.4 (05 | |- o
g, 1.5 mmol), glyme (30 mL), saturated O\)_\o Q Q m
NaHCOs solution (25 mL), and Pd(PPhg)4 (0.2
0). Purification by preparative centrifugal thin
layer chromatography (eluent: CHCL).

HzC§

6F13

Yield: 0.6 g (47.5 %); colorless solid; mp: 79 °C; CzgH4706F13(859).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.33 (m, 4 H, Ar-H), 6.87 (m, 2 H, Ar-H), 4.48 (m,
2 H, 2 CHOH), 4.18-3.90 (m, 8 H, 2 ArOCH,, 2 OCHy), 2.74 (t, 3J(H, H) 7.6, 2 H, CHAr),
2.64 (m, 2 H, CHAr), 2.20 (m, 4 H, 2CHy), 2.04 (m, 2 H, CHy), 1.39, 1.40, 1.44, 1.45 (4 s,
12 H, 4 CHs), 1.28 (m, 6 H, 3 CHy), 0.87 (t, 3 H, 2J(H, H) 7.0, CHb).
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4,4 -Bis(2,2-dimethyl-1,3-dioxolan-4-ylmethoxy)-3,3" -bis(1H,1H,2H,2H,
3H,3H-per fluor ononyl)-p-ter phenyl 60.1

Prepared according to the general 7&
procedure 8.4.2 from 48.1 (3.1 g, # O o
4.7 mmol), benzene-1,4-diboronic O\)_\o O O Q o/_a/O
acid (0.4 g, 22 mmoal), glyme (40
mL), saturated aqueous NaHCOs

solution (35 mL), and Pd(PPty)s F1aCs CéFis

(0.2 g). Purification by preparative centrifugal thin layer chromatography (eluent: CHCL).
Yield: 1.8 g (91.7%); colorless solid; mp: 97 °C; CsgH406F6 (1210).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.58 (m, 4 H, Ar-H), 7.39 (m, 4 H, Ar-H), 6.94 (d, 2
H, 3J(H, H) 8.4, Ar-H ), 4.46 (m, 2 H, 2 CHOH), 3.89-4.20 (m, 8 H, 2 ArOCH,, 2 CH,0),
2.76 (t, 3J(H, H) 7.6, 2 H, CH2Ar), 2.17-1.94 (m, 8 H, 2 CH,CH,CF>), 1.39-1.45 (4 s, 12 H,
4 CHs).

Pd°-Catalyzed cross coupling (I1) — general procedure 8.6.10: Under an argon
atmosphere, Pd(OA ¢), (0.896 mg, 0.004 mmol), 2-(di- ter-butyl phosphino)biphenyl (2.4 mg,
0.008 mmoal), KF (125 mg, 2.15 mmol) and benzene-1,4-diboronic acid (40 mg, 0.24 mmol)
were dissolved in dry THF (5 mL). 48 (0.72 mmol) was added. After stirring for 36 h at
room temperature, diethyl ether (50 ml) was added, the solution was washed with 10%
aqueous NaOH solution (2° 15 ml), the organic phase was seperated, the agueous layer was
extracted with diethyl ether (3" 50 ml), the diethy ether extracts were combined with organic
phase and washed with water (2°25 ml), brine (2225 ml) and dried over N&SO;.
Afterwards, the diethyl ether was distilled off and the residue was purified by preparative
centrifugal thin layer chromatography (eluent: CHCL).

4,4"-Bis(2,2-dimethyl-1,3-dioxolan-4-ylmethoxy)-3,3"-bis(1H,1H,2H,2H,
3H,3H-per fluor oundecyl)-p- ter phenyl 60.2

Prepared according to the generad
procedure 8.6.10 from 48.2 (538 4)/0 o \A
mg, 0.72 mmol), Pd(OAc), (0.90 o\)_\o O O Q /_Q/o
mg, 0.004 mmol), 2-(di-ter-
butyl phosphine)biphenyl (2.4 mg,
0.008 mmoal), KF (125 mg, 2.15 F17Cs F17
mmol) and benzene-1,4-diboronic
acid (40 mg, 0.24 mmol) in 5 ml dry THF.

Yield: 135 mg (39.8 %); colorless solid; mp: 125 °C; CsoH1OsF34 (1410).
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IH-NMR (200 MHz; CDCh; J/Hz): d = 7.58 (m, 4 H, Ar-H), 7.39 (m, 4 H, Ar-H), 6.94 (d, 2
H, 3J(H, H) 8.5, Ar-H ), 4.49 (m, 2 H, 2 CHOH), 3.90-4.21 (m, 8 H 2 ArOCH,, 2 CH,0),
2.77 (t, 33(H, H) 7.3, 2 H, CH2AT), 2.18-1.95 (m, 8 H, 2 CH,CH,CF>), 1.40, 1.46 (2's, 12 H,
4 CHa).

4,4'"-Bis(2,2-dimethyl-1,3-dioxolan-4-ylmethoxy)-3,3""-bis-(1H,1H,2H,2H,
3H,3H-perflurotridecyl)-p-terphenyl 60.3

Prepared according to the general
procedure 8.6.10 from 48.3 (609.8 4}/\0)_\ o \A
mg, 0.72 mmol), Pd(OAc), (0.896 o

mg, 0.004 mmol), 2-(di-ter- © Q Q Q /_</O
butylphosphine)biphenyl (2.4 mg,
0.008 mmol), KF (125 mg, 2.15 Fy1C1g
mmol) and benzene-1,4-diboronic
acid (40 mg, 0.24 mmol) in 5 ml dry THF.

Yield: 62 mg (16.1 %); colorless solid; mp: 147 °C; CsgHasOsF42 (1610).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.58 (m, 4 H, Ar-H), 7.39 (m, 4 H, Ar-H), 6.94 (d, 2
H, 3J(H, H) 8.4, Ar-H ), 4.46 (m, 2 H, 2 CHOH), 3.89-4.20 (m, 8 H. 2 ArOCH,, 2 CH,0),
2.76 (t, 3J(H, H) 7.6, 2 H, CH2Ar), 2.17-1.94 (m, 8 H, 2 CH,CH,CF>), 1.39-1.45 (4 s, 12 H,
4 CHs).

10F21

6-[4¢(2,2-Dimethyl-1,3-dioxolan-4-ylmethoxy)-3-(1H,1H,2H,2H ,3H,3H-
per fluor ononyl)biphenyl-4-yloxy] -4-oxahexene 63
Prepared according to the general procedure

8.4.2 from 62 (2.8 g, 4.5 mmol), 49b.1 (1.3 g, O/>_\ — =
y\o 0— 0 o—/_

5.3 mmoal), glyme (80 mL), saturated NaHCO3 Q Q

solution (60 mL), and Pd(PPhs)s (0.2 Q).

Purification by preparative centrifugal thin CeFis

layer chromatography €luent: CHCkL/MeOH

10: 0.5).

Yidd: 2.6 g (72.5 0/0); yellow Oi|; C32H33O5F13 (744)

IH-NMR (200 MHz; CDCk J/H2): d = 7.44 (m, 2 H, Ar-H), 7.34 (m, 2 H, Ar-H), 6.94 (m, 3
H, Ar-H), 5.96-5.89(m, 1 H, CH=), 5.15-5.32(m, 2 H, CH,=), 4.49 (m, 1 H, OCH), 4.19-
3.80 (M, 10 H, 5 CH0), 2.60 (t, 3J(H, H) 7.80, 2 H, CH,Ar), 1.81-2.10 (m, 4 H,
CF2CH,CH>).
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8.6.11 Synthesis of the divalent phenols51, 56, 66 and 77

Cleavage of methyl ethers - general procedure 8.6.11: Appropriate methyl ether @.7
mmol) was dissolved in CH,Cl, (45 mL), BBr3 (0.49 mL, 5.17 mmol) was added and the
solution was reflex for 4 h. After stirring for 20 h at room temperature, water (30 mL) was
carefully added, the solvent was distilled off, the residue was dissolved in diethyl ether (100
mL) and washed with saturated NaHCOj3 solution (2° 30 mL), and dried over N&SO,, the
solvent was distilled off in vacuo. The product was purified by recrystalization or
chromatrography.

3-Perfluorobutylbiphenyl-4,4¢diol 51.1

Prepared according to genera procedure 8.6.11 from 50.1
(1.8 g, 4.7 mmol), BBrs (0.5 mL, 5.2 mmol) and CH,Cl, (45 HOOH
mL). Purification by recrystallization from CHCkL/MeOH CaFo
5:2.
Yield: 0.8 g (44.2 %); colorless solid; mp: 155 °C; C16HgO2F9 (404).

'H-NMR (400 MHz; DMSO-Dg; JHZ): d = 10.43, 9.50 (2 s, 2 H, 2 OH), 7.67 (dd, 2J(H, H)
8.6, “J(H, H) 2.0, 1 H, Ar-H), 7.49 (m, 1 H, Ar-H), 7.39 (d, 3J(H, H) 8.6, 2 H, Ar-H), 7.08
(dd, 3J (H, H) 8.6, “J(H, H) 3.52, 1 H, Ar-H), 6.81 (d, 3J(H, H) 8.6, 2 H, Ar-H).

3-(1H,1H,2H,2H,3H,3H-Per fluor ohexyl)biphenyl-4,4¢-diol 51.2
Prepared according to general procedure 8.6.11 from 50.2
(1.5 g, 3.6 mmoal), BBr3 (0.6 mL, 6.6 mmol), CH,Cl, (35
mL ). Purification by recrystallization from CHCk.

Yield: 600 mg (42.0 %);colorless solid; mp: 126 °C;
C1gH1502F7 (396).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 9.36 (br s, 2 H, 2 OH), 7.36 (d, *J(H, H) 8.5, 2
H, Ar-H), 7.27 (d, *J(H, H) 2.4, 1 H, Ar-H), 7.20 (dd, J(H, H) 8.2, *J(H, H) 2.3, 1 H, Ar-H)
,6.79 (M, 3H, Ar-H), 2.66 (t, 2J(H, H) 7.4, 2 H, CH,Ar), 2.20 (m, 2 H, CH,CH,CF), 1.83
(m, 2H, CHzCHzCFz).

3-(1H,1H,2H,2H,3H,3H-Per fluor oheptyl)biphenyl-4,4¢-diol 51.3
Prepared according to general procedure 8.6.11 from 50.3
(27 g, 6.0 mmol), BBrz (0.6 mL, 66 mmol), CH,Cl» | g O Q oH
(35 mL). Purification by recrystallization from CHCk.
Yield: 1.7 g (64.2 %); colorless solid; mp: 120 °C;
Ci9H150,F9 (446).
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'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 9.34 (br s, 2 H, 2 OH), 7.35 (d, 3J(H, H) 8.6,
2 H, Ar-H), 7.27 (d, 3J(H, H) 2.3, 1 H, Ar-H), 7.20 (dd, 3J (H, H) 8.6, “J(H, H) 2.3, 1 H,
Ar-H ), 6.79 (m, 3 H, Ar-H), 2.66 (t, J(H, H) 7.7, 2 H, CHAr), 2.18-2.32 (m, 2 H,
CH2CH2CR,), 1.79-1.87 (m, 2 H, CH2CH,CF>).

3-Perfluor ooctylbiphenyl-4,4¢-diol 51.4

Prepared according to general procedure 8.6.11 from 50.4
(1.1 g, 1.8 mmol), BBr; (0.2 mL, 20 mmol), CH,Cl HOOH
(20 mL). Purification by recrystallization from CoFur
CHClz/MeOH 5:2.
Yield: 0.5 g (43.1 %); colorless solid; mp: 180 °C; CpoHgO2F17 (604).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 10.5 (s, 1 H, OH), 9.54 (s, 1 H, OH), 7.68 (dd,
3J(H, H) 8.4, “J(H, H) 3.52, 1 H, Ar-H), 7.53 (m, 1 H, Ar-H), 7.41 (d, 3J(H, H) 8.6, 2 H, Ar-
H), 7.07 (d, 3J(H, H) 8.6, 1 H, Ar-H), 6.87(d, *J(H, H) 8.8, 2 H, Ar-H).

3-(1H,1H,2H,2H,3H,3H-Perfluor oisodecyl)biphenyl-4,4¢-diol 51.5
Prepared according to general procedure 8.6.11 from
50.5 (2.8 g, 44 mmoal), BBr3 (0.5 mL, 4.9 mmoal), HO Q Q OH
CHxCl, (35 mL). Purification by recrystallization
from CHC,

Yield: 2.1 g (79.2 %); colorless solid; mp: 135 °C;
CH1502F 15 (596).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 9.35 (br s, 2 H, 2 OH), 7.36 (d, 3J(H, H) 8.6, 2
H, Ar-H), 7.27 (d, “J(H, H) 2.34, 1 H, Ar-H), 7.22 (dd, 3J(H, H) 8.22, “J(H, H) 2.34, 1 H,
Ar-H), 6.79 (m, 3 H, Ar-H), 2.66 (t, 3J(H, H) 7.61, 2 H, CHAr), 2.19-2.26 (m, 2 H,
CH,CH2CF), 1.81-1.87 (m, 2 H, CH,CH,CF>).

(CF)4CF(CFy),

3-(1H,1H,2H,2H,3H,3H-Per fluor otridecyl)biphenyl-4,4¢diol 51.6
Prepared according to general procedure 8.6.11 from 50.6
(1.0 g 1.3 mmal), BBr; (0.1 mL, 1.4 mmol), CH,Cl, | 1o O Q OH
(20 mL). Purification by recrystallization from CHCl,
Yield: 0.7 g (73.9 %); colorless solid; mp: 150 °C;
CasH150,F21 (746). CuoFa
'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 9.33 (br s, 2 H, 2 OH), 7.33 (d, 3J(H, H) 8.6, 2
H, Ar-H), 7.27 (m, 1 H, Ar-H), 7.20 (m, 1 H, Ar-H ), 6.80 (m, 3 H, Ar-H), 2.65 (t, 2J(H,
H)7.7, 2 H, CH2Ar), 2.21 (m, 2 H, CH,CH,CF,), 1.92 (m, 2 H, CH,CH,CF>).
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3-(1H,1H,2H,2H,3H,3H ,4H,4H ,5H ,5H,6H,6H,7H,7H,8H,8H,9H,9H,10H,10H,
11H,11H,12H,12H-Per fluor ooctadecyl)biphenyl-4,4¢-diol 51.7
Prepared according to general procedure 8.6.11 from 50.7

(1.1 g, 1.6 mmol), BBr; (0.2 mL, 1.8 mmol), CH,Cl, (40 HOOH
mL). Purification by recrystallization from CHCk, Mo
Yield: 0.8 g (72.7 %); colorless solid; mp: 108 °C;

CxH3302F13 (672).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.40 (m, 2 H, Ar-H), 7.26 (m, 2 H, Ar-H), 6.80 (m,

3H, Ar-H), 2.62 (t, 3J(H, H) 7.2, 2 H, CHATr), 2.00 (m, 2 H, CH,CF>), 1.58 (m, 4 H, 2
CHy), 1.20 (m, 16 H, 8 CH).

2-(1H,1H,2H,2H,3H,3H-Perfluor oheptyl)biphenyl-4,4¢diol 51.8
Prepared according to general procedure 8.6.11 from 50.8
(2.7 g, 5.8 mmal), BBr; (0.6 mL, 6.4 mmol), CHCl, (35

mL). Purification by recrystallization from CHCL/MeOH MO Q Q o
5:2.
Yield: 0.8 g (44.2 %); colorless solid; mp: 105 °C; FoCu
Ci9H1502F9(446).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.22 (m, 3 H, Ar-H), 6.99 (d, 3J(H, H) 8.8, 2 H, Ar-
H), 6.86 (m, 2 H, Ar-H), 3.87, 3.86 (2's, 6 H, 2 CHs), 2.71 (t, 2J(H, H) 7.6, 2 H, CH,), 2.01-
1.77 (m, 4 H, 2 CH,).

2-(1H,1H,2H,2H,3H,3H-Per fluor ononyl)biphenyl-4,4¢-diol 51.9
Prepared according to general procedure 8.6.11 from 50.9
(1.5g, 2.6 mmoal), BBr; (0.3 mL, 2.9 mmol), CH,Cl> (25 mL). | o Q O OH
The product was purified by recrystalization from
CHCIz/MeCOH 5:2.

Yield: 0.8 g (44.2 %); yellow ail, Co1H150,F13 (546). CeF1s
'H-NMR (200 MHz; CDCk; JHz): d = 7.16-7.00 (m, 3 H,
Ar-H), 6.87-6.81 (m, 2 H, Ar-H), 6.72-6.67 (m, 2 H, Ar-H), 4.75 (br s, 2 H, 2 OH), 2.64 (t,
3J(H, H) 7.6, 2 H, ArCH,), 2.08-1.24 (m, 4 H, 2 CHy).
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2-(1H,1H,2H,2H,3H,3H-Per fluor oundecyl)biphenyl-4,4¢diol 51.10
Prepared according to general procedure 8.6.11 from 50.10
(20 g, 3.0 mmol), BBr; (0.3 mL, 3.3 mmol), CH,.ChL | 1o O Q oH
(25 mL). Purification by recrystallization from
CHCI3/MeOH 5:2.

Yield: 1.8 g (94.3 %); colourless solid; mp: 215 °C;
CxH150.F17 (646).

'H-NMR (200 MHz; DMSO-Ds; J/Hz): d = 9.34, 9.28 (2 s, 2 OH), 7.02-6.59 (m, 7 H, Ar-
H), 2.57(t, 2J(H, H) 7.81, 2 H, CHy), 2.20-1.45 (m, 4 H, 2 CHy)

F17Cg

3¢(1H,1H,2H,2H,3H,3H-Per fluor ononyl)biphenyl-3,4,4¢triol 66
Prepared according to general procedure 8.6.11 from 65
(2.6 g, 4.4 mmol), BBr3 (0.1 g, 0.6 mmol), CH,Cl> (40 mL). | HO O Q OH
Purification by recrystallization from CHCk. HO

Yidd: 19 g (77.6 %); colorless solid;, mp: 165 °C;
CxnH1503F13 (562).

'H-NMR (200 MHz;DMSO-Ds, J/Hz): d = 9.32 (s, 1 H, OH), 9.54 (bor s, 2 H, 2 OH), 7.22
(d, 2J(H, H) 2.3, 1 H, Ar-H), 7.17 (dd, 3J(H, H) 8.2, “J(H, H) 2.3, 1 H, Ar-H), 6.92(d, *J(H,
H) 2.2, 1 H, Ar-H), 6.81 (d, 3J(H, H) 84, 2 H, Ar-H), 6.74 (d, 3J(H, H) 8.2, 1 H, Ar-H),
2.66 (t, 3J(H, H) 7.4, 2 H, CH»Ar), 2.32-2.23 (m, 2 H, CF,CH, ), 1.86-1.80 (m, 2 H,
CH,CH,CR,).

CesF13

3-Dodecyl-3¢(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4,4¢diol 51.12

Prepared according to genera procedure 8.6.11 from 50.12
(0.4 g, 0.6 mmal), BBr; (0.1 mL, 1.6 mmol), CH,Cl> (20 HO O Q OH
mL). Purification by preparative centrifugal thin layer
chromatography (eluent: CHCL).

Yield: 0.2 g (44.4 %); colorless solid; mp: 89 °C;

Ho5C 15

Ca1HagOsF13 (570).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.25 (m, 4 H, Ar-H), 6.80 (m, 2 H, Ar-H), 4.71,
467 (2's 2 H, 20H), 2.79 (t, 3J(H, H) 7.42, 2 H, CH,AT), 2.62 (t, 2 H, 3J(H, H) 7.6,
CH-ATr), 2.21 (m, 2 H, CHy), 1.95 (m, 2 H, CH,), 1.65 (m, 2 H, CHy), 1.25 (m, 18 H, 9
CH,), 0.87 (t, 2J(H, H) 7.0, 3H, CHa).
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3,3¢Bis(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4,4¢-diol 51.11
Prepared according to general procedure 8.6.11 from 50.11
(2.7 g, 29 mmoal), BBr3 (0.6 mL, 6.4 mmol), CH,Cl, (50 HO O Q OH
mL). Purification by preparative centrifugal thin layer
chromatography (eluent: CHCL).

Yield: 0.8 g (74.0 %); yellow solid; mp: 107 °C;
CzoH2002F26 (906).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.40 (m, 2 H, Ar-H), 7.26 (m, 2 H, Ar-H), 6.80
(m, 3H, Ar-H), 6.12 (br s, 2 H, 2 OH), 2.62 (t, 3J(H, H) 7.2, 2 H, CHy), 2.03 (m, 2 H, CHy),
1.58 (m, 4 H, 2 CH,), 1.21 (m, 16 H, 8 CH,).

F13Cs CsF13

3,3¢Bis(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)biphenyl-4,4¢diol 51.13
Prepared according to general procedure
8.6.11 from 50.12 (2.2 g, 2.2 mmol), BBr3 H OH
(05 mL, 48 mmol), CHCl, (50 mL).
Purification by recrystallization  from
hexane.

Yied: 1.3 g (59.9 %); yellow solid; mp: 89 °C; CszaH2002F30 (570).

'H-NMR (200 MHz; CDCk J/HZ): d = 7.25 (m, 4 H, Ar-H), 6.77 (m 2 H, Ar-H), 4.69 (br s,
2H, 20H), 2.75 (t, %J(H, H) 7.23, 4 H, 2 CHy), 2.19-1.93 (m, 8 H, 4 CH,).

(CF3)2CF(CF2)4 (CF2)4CF(CFa)2

3,38Bis(1H,1H,2H,2H,3H,3H-per fluor oheptyl)-p-ter phenyl-4,4¢kdiol 56.1
Prepared according to general procedure 8.6.11
from 55.1 (0.5 g, 0.6 mmol), BBr3 (0.1 mL, 1.4 HO O Q Q OH
mmol), CHxCl, (20 mL). Purification by
preparative centrifugal thin layer
chromatography (eluent: CHCL).

Yield: 0.2 g (41.7 %); yellow solid; mp: 107 °C; Cz2H2202F15(782).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.62 (m, 4 H, Ar-H), 7.34 (m, 4 H, Ar-H), 6.82 (d,
3J(H, H) 8.9, 2 H, Ar-H), 4.80 (br. s, 2 H, 2 OH), 2.81 (t, 2J(H, H) 7.4, 4 H, 2 ArCH,), 1.94-
2.29 (m, 8 H, 2 CH,CHy).

FCyq C4Fg
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2,26Bis(1H,1H,2H,2H,3H,3H-per fluor ononyl)-p-ter phenyl-4,4@-diol 56.2

Prepared according to genera procedure 8.6.11 from
55.2 (22 g, 22 mmol), BBr3 (0.5 mL, 49 mmol),
CH2Cl, (30 mL). Purification by recrystallization from
CHCI3/MeOH 5:2.

Yield: 0.8 g (38.5 %); yellow solid; mp: 175 °C;
CasH2402F26 (982).

IH-NMR (200 MHz; CDCk; JHz): d = 7.25 (m, 4 H, Ar-H), 6.99 (m, 2 H, Ar-H), 6.67-6.73
(m, 4 H, Ar-H), 2.64 (t, 3J(H, H) 8.2, 4 H, 2 ArCHy), 2.67-1.97 (m, 4 H, 2 CHp), 1.58 (m, 4

H, 2 CHy).

F13C¢4 CoF13

3-Nonly-3@(1H,1H,2H,2H,3H,3H-per fluor ononyl)ter phenyl-4,4@diol 77

Prepared according to genera procedure 8.6.11 from
76 (1.7 g, 22 mmal), BBr3 (0.5 mL, 54 mmal),
CH.Cl, (40 mL). Purification by recrystallization from
hexane/ethy| acetate 20:1.

Yidd: 1.3 g (79.3 %); colorless solid; mp: 149 °C;
CssH3702F13 (749).

H19Cy

6F13

1H-NMR (200 MHz; CDCk; J/Hz): d = 7.55 (m, 4 H, Ar-H), 7.36 (m, 4 H, Ar-H), 6.84 (m,

2H, Ar-H), 4.73, 479 (2 s, 2 H, 2 OH), 2.77 (t, 3J(H, H) 7.6, 2 H, ArCHy), 2.65 (t, 2J(H, H)
7.6, 2 H, ArCH,), 2.20-1-97 (m, 4 H, 2 CH,), 1.65 (m, 2 H, CHy), 1.26 (m, 12 H, 6CHy),

0.86 (t, 2J(H, H) 7.0, 3 H, CHa).
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8.6.12 Synthesisof theallyl ethers52, 57, 67, 72 and 78
4,4¢Diallyloxy-3-per fluor obutylbiphenyl 52.1
Prepared according to general procedure 8.6.5 from
51.1 (0.8 g, 20 mmal), allylbromide (0.4 mL, 4.9 \\—\ /—//
mmol), K2COs (0.4 g, 3.0 mmol), and dry CHsCN (30 OO
mL). Purified by preparative centrifugal thin layer
chromatography (eluent: petroleum ether).

Yield: 0.7 g (73.5 %); yellow solid; mp: 48 °C; Cy2H1702F9 (484).

1H-NMR (400 MHz; CDCk; J/Hz): d = 7.66 (M, 2 H, Ar-H), 7.42 (m, 2 H, Ar-H), 6.99 (m,
3H, Ar-H), 6.11 (m, 2 H, 2 CH=), 5.49-5.25 (m, 4 H, 2 CHy=), 4.59 (M, 4 H, 2 CHy).

4,4¢Diallyloxy-2-(1H,1H,2H,2H,3H,3H-per fluor ohexyl)biphenyl 52.2
Prepared according to general procedure 8.6.5 from
51.2 (500 mg, 1.3 mmoal), allylbromide (0.4 mL, 4.6
mmol), K,COs (0.4 g, 29 mmol), and dry CH3CN
(50 mL). Crude product was used for the next step.
Yield: 420 mg (73.4 %); yellow solid; mp: 75 °C; CHF7
CauH230:F7 (476).
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46 (d, 3J(H, H) 8.8, 2 H, Ar-H), 7.36 (m, 2 H, Ar-
H), 6.85 (m, 3 H, Ar-H), 5.96-6.16 (m, 2 H, 2 CH=CHy), 5.26-5.46 (m, 4 H, 2 CH=CHy),
457 (2's, 4 H, 2 CHy,0), 2.77 (t, 3J(H, H) 7.3, 2 H, CHAr), 2.24-1.87 (m, 4 H,
CH>CH,CFR,).

My

4,4¢Diallyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)biphenyl 52.3
Prepared according to general procedure 8.6.5 from
513 (17 g, 38 mmol), alylbromide (0.8 mL, 92 | N ~
mmol), K,COs (0.8 g, 5.7 mmol), and dry CHsCN ° O Q °

(50 mL). Crude product was used for the next step.
Yield: 1.9 g (92.6 %); yellow solid; mp: 70 °C; CaFo
CasH2302F9 (526).
'H-NMR (200 MHz; CDCk; J/HZ): d = 7.24-7.52 (m, 4 H, Ar-H), 6.85-6.99 (m, 3 H, Ar-
H), 5.96-6.16 (m, 2 H, 2 CH=CH,), 5.25-5.47 (m, 4 H, 2 CH=CHy), 457 (2 s, 4 H, 2
CH.0), 2.77 (t, *J(H, H) 7.2, 2 H, CHAr), 2.25-1.87 (m, 4 H, CH2CH,CF).
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4,4¢Diallyloxy-3-per fluor ooctylbiphenyl 52.4
Prepared according to general procedure 8.6.5 from
51.4 (0.5 g, 0.8 mmol), alylbromide (0.2 mL, 1.9 \\—\ /_//
- (0] O Q O
mmol), K;COs (0.2 g, 1.2 mmol), and dry CH3CN

(20 mL). Crude product was used for the next step.
Yield: 0.7 g (73.5 %); yellow solid; mp: 81 °C; CyeH1702F17 (684).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.64 (m, 2 H, Ar-H), 7.45 (m, 2 H, Ar-H), 7.02 (m,
3 H, Ar-H), 6.03 (m, 2 H, 2 CH=), 5.47-5.27 (m, 4 H, 2 CH,=), 4.80 (m, 4 H, 2 CH,).

CeF17

4,4¢Diallyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)biphenyl 52.5
Prepared according to general procedure 8.6.5

from 515 (20 g, 34 mmol), alylbromide \\_\ /_//
(0.7 mL, 8.1 mmoal), K;CO3 (0.7 g, 5.0 mmal), o} O Q O
and dry CHsCN (50 mL). Crude product was
used for the next step.

Yield: 1.9 g (92.5 %); yellow solid; mp: 85 °C; (CF24CH(CFa)

Ca8H2302F (676).

LH-NMR (200 MHz; CDCh; J/Hz): d = 7.24-7.52 (m, 4 H, Ar-H), 6.85-6.97 (m, 3 H, Ar-
H), 5.96-6.16 (M, 2 H, 2 CH=CHy), 5.24-5.46 (m, 4 H, 2 CH=CH,), 457 (25, 4 H, 2
CH,0), 2.77 (t, 3] (H, H) 7.0, 2 H, CH,AT), 2.25-1.90 (m, 4 H, CH,CH,CF>).

4,4¢Diallyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)biphenyl 52.6
Prepared according to general procedure 8.6.5 from
516 (0.7 g, 1.0 mmol), allylbromide (0.2 mL, \\—\ /—//
2.3 mmal), K»CO3 (0.2 g, 1.4 mmol), and dry © O Q ©
CH3CN (50 mL). Crude product was used for the
next step. 10F 21
Yield: 1.9 g (92.5 %); yellow solid; mp: 116 °C; C31H2302F21 (826).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.24-7.46 (m, 4 H, Ar-H), 6.86-6.97 (m, 3 H, Ar-
H), 6.00-6.11 (m, 2 H, 2 CH=CHy), 5.25-5.44 (m, 4 H, 2 CH=CHy), 4.55 (m, 4 H, 2 CH,0),
2.77 (t, 3J(H, H) 7.4, 2 H, CHAr), 2.15-1.90 (m, 4 H, CHoCH,CF>).

4,4¢-Diallyloxy-3-(1H,1H,2H,2H,3H,3H,4H ,4H ,5H,5H,6H ,6H,7H, 7H,
8H,8H,9H,9H,10H,10H,11H,11H,12H,12H -perfluor ooctadecyl)biphenyl 52.7

Prepared according to general procedure 8.6.5 from 51.7 (1.1 g, 1.6 mmol), allylbromide
(0.4 mL, 4.5 mmal), K2COs3 (0.2 g, 1.4 mmol), and dry CH3CN (50 mL). Crude product was
used for the next step.
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Yidd: 1.1 g (100 %); colorless solid; mp: 68 °C; \\_\ /_/
CasHa102F 21 (753). o Q Q o

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.47 (d,
33(H, H) 2 H, Ar-H), 7.27 (m, 2 H, Ar-H), 6.82-
6.96 (M, 3 H, Ar-H), 6165697 (m, 2 H, 2 | Fuc,
CH=CH,), 5.23-5.47 (m, 4 H, 2 CH=CHy), 4.56
(m, 4 H, 2 CH0), 2.70 (t, 3J(H, H) 7.0, 2 H,
CHAT), 2.15-1.89 (M, 4 H, CH2CH,CF,), 1.61 (M, 4 H, 2 CHy), 1.26 (m, 16 H, 8 CHy).

4,4¢Diallyloxy-2-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)biphenyl 52.8
Prepared according to general procedure 8.6.5 from
51.8 (2.0 g, 4.5 mmol), allylbromide (0.9 mL, 10.9

. ~
mmol), K»COs (0.9 g, 6.8 mmol), and dry CHsCN © O Q ©
(20 mL). Crude product was used for the next step.

Yidd: 24 g (100 %); yelow oail; CosH230:R FoCy

(526).
1H-NMR (200 MHz; CDCk; J/Hz): d = 7.19 (m, 3 H, Ar-H), 6.98 (m, 2 H, Ar-H), 6.79 (m,
2 H., Ar-H), 6.16 (m, 2 H, 2CH=), 5.49 (m, 4 H, 2 CH,=), 4.57 (m, 4 H, 2 OCHj), 2.71 (t,
33(H, H) 7.6, 2 H, CHy), 2.01-1.67 (m, 4 H, 2 CHb).

4,4¢Diallyloxy-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 52.9
Prepared according to general procedure 8.6.5
from 51.9 (1.1 g, 20 mmoal), alylbromide (0.5

- _/
mL, 6.1 mmol), K2COs (0.7 g, 5.1 mmol), and dry © O Q ©

CH3CN (20 mL). Crude product was used for the
next step. F1oCe
Yield: 1.3 g (100 %); yellow ail; Co7H230:F13
(626).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.24-7.09 (m, 3 H, Ar-H), 6.96-6.63 (m, 4 H, Ar-
H), 6.10 (m, 2 H, 2 CH=), 5.26-5.48 (m, 4 H, 2 CH,=), 458 (m, 4 H, 2 CH,0), 2.65 (t,
3J(H, H) 7.2, 2 H, ArCH,), 2.04-1.64 (m, 4 H, 2 CHy).

4,4¢-Diallyloxy-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)biphenyl 52.10
Prepared according to general procedure 8.6.5 from

519 (18 g, 28 mmol), allylbromide (06 mL, 67 | ~
mmol), KoCOs (0.6 g, 4.2 mmol), and dry CHsCN (50 4.?”
F1Csg

mL ). Crude product was used for the next step.
Yield: 1.9 g (926 0/0), yeIIow OI|, CogH2300F7 (726)
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IH-NMR (200 MHz; CDCk; J/Hz): d = 7.17 (m, 3 H, Ar-H), 6.96 (m, 2 H, Ar-H), 6.79 (m,
2 H., Ar-H), 6.14 (m, 2 H, 2 CH=), 5.47-5.28 (m, 4 H, 2CHy=), 4.58 (m, 4 H, 2 OCH;), 2.67
(t, 3J(H, H) 7.8, 2 H, CHy), 2.11-1.70 (m, 4 H, 2 CHy).

3,4,4¢ Triallyloxy-3¢(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 67
Prepared according to general procedure 8.6.5

from 66 (1.9 g, 3.4mmoal), alylbromide (1.1 mL, \\—\ /_//
12.2 mmol), K»CO; (0.7 g, 5.0 mmol), and dry o O Q O

CHsCN (30 mL). Purification by preparative 0
centrifugal thin layer chromatography (eluent: < CoFis
petroleum ether).

Yield: 1.7 g (73.3 %); yellow solid; mp: 58 °C; C3oH2704F13 (682).

'H-NMR (400 MHz; CDCk; J/Hz): d = 7.34 (dd, 3J(H, H) 8.4, “J(H, H) 2.3, 1 H, Ar-H),
7.27 (dd, 2J(H, H) 8.6, *J(H, H) 2.2, 1 H, Ar-H), 7.07 (m, 2 H, Ar-H), 7.03 (d, *J(H, H) 2.2,
1 H, Ar-H), 6.90 (d, 3J(H, H) 8.6, 1 H, Ar-H), 6.85 (d, 3J(H, H) 8.4, 1 H, Ar-H), 6.15 (m, 3
H, 3 CH=), 5.47-5.24 (m, 6 H, 3 CH,=), 457 (m, 6 H, 3 CHy), 2.77 (t, 2J(H, H) 7.4, 2 H,
CH>ATr), 2.25-1.82 (m, 4 H, CH,CH,CF).

4,4¢Diallyloxy-3,3¢di(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 52.11
Prepared according to general procedure 8.6.5 from \_\ /_/
5111 (1.9 g, 21 mmol), alylbromide (0.7 mL, 5 O Q S

7.7 mmol), K.COs (0.3 g, 1.9 mmoal), and dry CHsCN
(50 mL). Crude product was used for the next step.
Yield: 2.1 g (100 %); yellow solid; mp: 48 °C; F1aCs CeF13
CasH2802F2 (987).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.35 (dd, 3J (H, H) 84, J(H, H) 2.3, 2 H, Ar-H),
7.27 (m, 4 H, Ar-H), 6.85 (d, 3J(H, H) 84, 2 H, Ar-H), 5.96-6.15 (m, 2 H., 2 CH=), 5.24-
5.45 (m, 4 H, 2 CH,=), 4.55 (M, 4 H, 2 OCHy), 2.74 (t, 2J(H, H) 7.4, 4 H, 2 CH,), 2.26-1.88
(m, 8H, 4 CHy).

4,4¢Diallyloxy-3-dodecyl-3¢(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 52.12
Prepared according to general procedure 8.6.5 from
77 (0.2 g, 0.5 mmol), alylbromide (0.1 mL, \_\ /_/
1.2 mmol), K.COz (0.1 g, 0.7 mmol), and dry o ©
CH3CN (50 mL). Crude product was used for the HasC 13

next step. CeF1a
Yield: 160 mg (50.3 %); yelow solid; mp: 62 °C;
C27H470,F13(650).
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IH-NMR (200 MHz; CDCk; JHz): d = 7.34 (dd, 3J(H, H) 84, JH, H) 2.4, 2 H, Ar-H),
7.29 (m, 2 H, Ar-H), 6.88 (m, 2 H, Ar-H), 6.1 (m, 2 H, 2 CH=), 5.45-5.24 (m, 4 H,
2CH,=), 4.57 (M, 4 H, OCH,), 2.79 (t, 3J(H, H) 7.43, 2 H, CHATr), 2.66 (t, 2 H, 3J(H, H)
7.6, CHoAT), 2.14 (M, 2 H, CH>), 1.99 (M, 2 H, CHy), 1.61 (m, 2 H, CHy), 1.24 (m, 18 H, 9
CHy), 0.86 (t, 3J(H, H) 7.0, 3 H, CH3).

4,4¢Diallyloxy-3,3¢di(1H,1H,2H,2H,3H,3H-per fluor oisodecyl)biphenyl 52.13
Prepared according to  generd
procedure 8.6.5 from 51.13 (1.3 g, 1.3 \\_\ /_/
mmol), allylbromide (0.3 mL, 39 0 O Q O
mmol), K,COs (0.3 g, 1.9 mmal), and
dry CHsCN (50 mL). Crude product | (r,,crcF,), (CF2CF(CF ),
was used for the next step.
Yield: 1.3 g (100 %); yellow solid; mp: 64 °C; CzgH2802F3(1086).

'H-NMR (200 MHz; CDCk; J/HZ): d = 7.34 (dd, 3J(H, H) 8.4, “J(H, H) 2.3, 2 H, Ar-H),
7.29 (m, 4 H, Ar-H), 6.86 (d, 3J(H, H) 8.6, 2 H, Ar-H), 6.09 (m, 2 H., 2 CH=), 5.28-5.44 (m,
4H, 2 CH,=), 457 (m, 4 H, 2 OCHy), 2.71 (t, 3J(H, H) 7.4, 4 H, 2 CHy), 2.13-1.72 (m, 8 H,
4 CHy).

4,46 Diallyloxy-3,3edi(1H,1H,2H,2H,3H,3H-per fluor oheptyl)ter phenyl 57.1
Prepared according to general procedure 8.6.5

from 56.1 (0.2 g, 0.3 mmal), allylbromide (0.05 \\_\ /_//
mL, 0.6 mmol), KoCOs (0.1 g, 0.7 mmol), and o) O Q Q o}
dry CHsCN (50 mL). Crude product was used

for the next step. FoCs CdFo

Yield: 0.3 g (100 %); mp: 140 °C; CagH230-F15 (862).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.63 (m, 4 H, Ar-H), 7.45 (m, 4 H, Ar-H), 6.92 (d,
33(H, H) 8.4, 2 H, Ar-H), 6.08 (m, 2 H, 2 CH=), 5.27-5.44 (m, 4 H, 2 CH,=), 459 (m, 4 H,
2 CH,0), 2.79 (t, 3J(H, H) 7.4, 4 H, 2 ArCHy), 1.93-2.18 (m, 8 H, 2 CH,CHb).

4,46 Diallyloxy-2,2edi(1H,1H,2H,2H,3H,3H-per fluor ononyl)ter phenyl 57.2

Prepared according to general procedure 8.6.5
. \ 7

from 56.2 (0.8 g, 0.9 mmol), allylbromide (0.2 O O O

mL, 2.0 mmol), K,COs (0.2 g, 1.3 mmal), and

dry CHsCN (50 mL). Crude product was used

for the next step. F1sCs CeF13
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Yield: 0.7 g (92.5 %); yellow solid; mp: 87 °C; Ca2H3202F26 (1062).

'H-NMR (200 MHz; CDCk; JHz): d = 7.31-7.15 (m, 6 H, Ar-H), 6.81 (m, 4 H, Ar-H),
6.17-5.98 (m, 2 H, 2 CH=), 5.26-5.47 (m, 4 H, 2 CH,=), 4.55 (m, 4 H, 2 CH;0), 2.65 (t,
3J(H, H) 7.23, 4 H, 2 ArCHy), 1.98-1.72 (m, 8 H, 2 CH,CHy).

3-[4¢Allyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxy] -pr opane-1,2-
diol 72

Prepared according to general procedure 8.6.5 from H
71F.1 (0.3 g, 0.5 mmol), alylbromide (0.06 mL, \—\ /—(_O
0.7 mmal), K2COs (0.1 g, 0.7 mmol), and dry O Q

CH3CN (25 mL). Crude product was used for the
next step. 6F13

Yield: 0.3 g (100 %); mp: 90 °C; Cy7H2504F13
(660).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.53 (d, 3J (H, H) 8.8, 2 H, Ar-H), 7.40 (m, 2 H,
Ar-H), 7.00 (m, 3H, Ar-H), 6.15 (m, 1 H, CH=), 5.43 (dd, 3J(H, H)17.9, *J (H, H) 2.0, 1 H,
trans, CH,=CH), 5.28 (dd, 3J(H, H)10.6, *J(H, H) 1.4, 1 H, cis, CH>=CH), 4.90 (br s, 1 H,
sec OH), 4.66 (m, 3 H, prim OH, CH,=CH-CH>), 4.05-3.77 (m, 3 H, ArOCH,CH), 3.49 (m,
2 H, CH,OH), 2.83 (t, 2J(H, H) 7.23, 2 H, ArCH,), 2.35 (m, 2 H, CH,CF>), 1.88 (CH,).

4,46 Diallyloxy-3-nonyl-3@(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl 78
Prepared according to general procedure 8.6.5
from 77 (1.3 g, 1.7 mmol), alylbromide (0.3 mL, \

3.7 mmol), KxCOz (0.1 g, 0.7 mmol), and dry © O Q Q °

CH3CN (50 mL). Crude product was used for the HoC4

next step. CeF i3
Yield: 1.5 g (72.7 %); mp: 139 °C; Cs2Has02F13
(829).

'H-NMR (200 MHz; CDCk; JHZ): d = 7.61 (m, 4 H, Ar-H), 7.45 (m, 4 H, Ar-H), 6.92 (d,
3J(H, H) 8.6, 2 H, Ar-H), 6.09 (m, 2 H, 2 CH=), 5.26-5.47 (m, 4 H, 2 CH,=), 459 (m, 4 H,
2 CH,0), 2.81 (t, 3J(H, H) 7.4, 2 H, ArCH,), 2.69 (t, 2J(H, H) 7.6, 2 H, ArCH,), 2.19-1.95
(m, 4H, 2 CHy), 1.64 (m, 2 H, CHy), 1.37-1.26 (m, 12 H, 6 CHy), 0.86 (t, 3J(H, H) 7.0, 3 H,
CHs).
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8.6.13 Synthesis of the 4-(4¢-benzyloxybiphenyl-4-yloxymethyl)-2,2-dimethyl-1,3-
dioxolanes 69

4-(4¢-Benzyloxy-3-tetr adecylbiphenyl-4-yloxymethyl)-2,2-dimethyl-1,3-dioxolane
69H.3

Prepared according to the general procedure 8.4.2

(0]
from 4-(4-bromo-3-tetradecyl phenyloxylmethyl) Q_\OO/_C*

-2,2-dimethyl-1,3-dioxolane (2 g, 4.1 mmol), C4Hao

4-benzyloxybenzeneboronic acid (1.3 g, 89 mmoal), glyme (45 mL), saturated NaHCO3;
solution (35 mL), Pd(PPhs)s (0.2 ). Purification by preparative centrifugal thin layer
chromatography (eluent: CHCL/CH3OH 10:1).

Yield: 650 mg (26.9 %); colorless solid; mp: 45 °C; CsgHs404(586).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.43 (m, 9 H, Ar-H), 7.02 (d, 3J(H, H) 8.8, 2 H, Ar-
H), 6.88 (d, *J(H, H) 8.4, 1 H, Ar-H), 5.10 (s, 2 H, BENZYL CH), 450 (m, 1 H, Sec CH),
4.19 (m, 1 H, ArOCHaHp), 4.11 (m, 1 H, ArOCHzH5),3.99 (m, 2 H, CH(O)CHy), 2.70(t,
J(H, H) 7.03, 2 H, CH2Ar), 2.30-1.80 (m, 24 H, 12 CH,), 1.5 (2 s, 6 H, 2 CHjs), 0.86 (t,
3J(H, H) 7.03, 3H, CHy).

4-[ 4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxymethyl]
-2,2-dimethyl-1,3-dioxolane 69F.1

Prepared according to the general procedure
842 from 481 (1.2 g, 15 mmol),
4-benzyloxybenzeneboronic acid (0.4 g, 1.3
mmol), glyme (10 mL), saturated agueous
NaHCOssolution (6 mL), Pd(PPhs)4 (0.04 g). CoFus
Purification by re crystalization from
ethyl acetate/methanol 1:1.

Yield: 1.2 g (43.5 %); colorless solid; mp: 89 °C; Cz4H3104F13 (750).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.43 (m, 9 H, Ar-H), 7.02(d, 3J(H, H) 8.8, 2 H, Ar-
H), 6.88 (d, 3J(H, H) 8.4, 1 H, Ar-H), 5.10 (s, 2 H, BENZYL CH,), 450 (m, 1 H, Sec CH),
4.19 (m, 1 H, ArOCHgHp), 4.11 (m, 1 H, ArOCHzHp), 3.99 (m, 2 H, CH(O)CHy), 2.70 (t,
3J(H, H) 7.03, 2 H, CH,Ar), 2.30-1.80 (M, 4 H, 2 CHy), 1.5 (2's, 6 H, 2 CHb).

A esaces:
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4-[ 4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)biphenyl-4-yloxy
methyl]-2,2-dimethyl-1,3-dioxolane 69F.2
Prepared according to the generd
procedure 8.4.2 from 48.2 (4 g, 54 mmol), @_\ —
4-benzyloxybenzeneboronic acid (1.2 g, 5.4 o} Q Q 0 o7£
mmol), glyme (75 mL), saturated agueous
NaHCO;3 solution (65 mL), Pd(PPts)s (0.2
g). Purification by recrystallization from
ethyl acetate/hexane 1:1.

Yield: 2.8 g (61.4 %); colorless solid; mp: 115 °C; CzgH3104F17 (850).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.43 (m, 9 H, Ar-H), 7.01(d, 3J(H,H) 8.8, 2 H, Ar-H
), 6.86 (d, 2J(H,H) 84, 2 H, Ar-H), 5.10 (s, 2 H; BENZYL CH,), 4.40 (m, 1 H, Sec CH),
4.20-3.80 (m, 4 H, ArOCH3, CH(O)CHy), 2.77 (t, 3J(H,H) 7.42, 2 H, CHATr), 2.16-1.92 (m,
4H,2CHy), 145,124 (2s,6H, 2 CHy).

CgF17

4-[ 4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)biphenyl-4-yloxy
methyl]-2,2-dimethyl-1,3-dioxolane 69F.3
Prepared according to the general procedure
842 from 483 (3 g, 35 mmal), 4
benzyloxybenzeneboronic acid (0.8 g,
3.5 mmol), glyme (75 mL), saturated
aqueous NaHCOsz; solution (65 mL),
Pd(PPhg)s (0.2 g). Purification by
recrystallization from ethyl acetae/methanol 2:1.

Yield: 2.5 g (61.4 %); colorless solid; mp: 129 °C; CzgHs104F»1 (950).

'H-NMR (200 MHz; CDCk; JHZ): d = 7.46-7.25 (m, 9 H, Ar-H), 7.02 (m, 2 H, Ar-H ),
6.89 (d, 3J(H,H) 8.4, 1 H, Ar-H), 5.09 (s, 2 H, BENZYL CHj), 4.50-4.44 (m, 1 H, Sec CH),
4.18 (m, 1 H, ArOCHaHp), 4.11 (m, 1 H, ArOCHaHp), 3.99-3.90 (m, 2 H, CH(O)CHy), 2.74
(t,3J(H,H) 7.4, 2 H, CHAr), 2.17-1.93 (m, 4 H, 2 CH,), 1.44 (2 s, 6 H, 2 CHg).

QI

CioFa1

4-[ 4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor opentadecyl)biphenyl-4-yloxy
methyl]-2,2-dimethyl-1,3-dioxolane 69F .4
Prepared according to the general procedure
84.2 from 488 (0.8 g 09 mmol), 4 @O Q Q O/_(;f
benzyloxybenzeneboronic  acid (0.2 g,

1.0 mmoal), glyme (35 mL), saturated NaHCO3
solution (25 mL), Pd(PPhs)4 (0.2 g). Purification 12F2s
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by preparative centrifugal thin layer chromatography (eluent: CHCL/CHsOH 10:0.5),
folowed by recrystallization from ethyl acetate/methanol: 5:3.

Yield: 0.5g (59.8 %); colorless solid; mp: 137 °C; C4oH3z104F25 (1050).

'H-NMR (200 MHz; CDCk J/HZ): d = 7.47-7.24 (m, 9 H, Ar-H), 7.02 (d, 3J(H,H) 8.8, 2 H,
Ar-H), 6.89 (d, 3J(H,H) 8.4, 1 H, Ar-H), 5.09 (s, 2 H, BENZYL CHy), 4.71-3.88 (m, 5 H,
ArOCH,CHO, CH-0), 2.73 (t, 3J(H,H) 7.3, 2 H, CH»Ar), 2.15-1.92 (m, 4 H, 2 CH>), 1.47,
1.39(2s,6H, 2CHz).

8.6.14 Synthesis of the 3-(4¢-benzyloxybiphenyl-4-yloxy)propane-1,2-diols 70

3-(4¢-Benzyloxy-3-tetr adecylbiphenyl-4-yloxy)propane-1,2-diol 70H.3

Prepared according to the general procedure
8.4.3 from 69H.3 (550 mg, 0.9 mmol), and 10 @_\ /_(_ OH
% HCI (1 mL) in EtOH (50 mL). Purification oo oH
by recrystallization from CHCk/MeOH CidHn

10:0.5.

Yield: 330 mg (64.4 %); mp: 84 °C; CzsHs500; (546).

'H-NMR (200 MHz; CDCk J/Hz): d = 7.46 (m, 9 H, Ar-H), 7.02 (d, 3J(H, H) 8.8, 2 H, Ar-
H), 6.88 (d, 3J(H, H) 9.2, 2 H, Ar-H), 5.09 (s, 2 H, ArCH,0), 4.14-3.79 (m, 5 H,
ArOCH,CHO, CH0), 2.75 (t, 2J(H, H) 7.8, 2 H, CH»Ar), 1.61 (m, 2 H, CH,), 1.28 (m,
22H, 11CH,), 0.86 (t, 3J(H, H) 6.8, 3H, CHa).

3-[4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxy)
propane-1,2-diol 70F.1

Prepared according to the general procedure
8.4.3 from 69F.1 (500 mg, 0.7 mmol), 10% @_\ /_(‘OH
HCl (1 mL), EtOH (50 mL). Purification by o) OH
recrystallization from EtOH.

Yield: 290 mg (47.7 %); mp: 120 °C;

C31H2704 F13(710). CeF13

'H-NMR (200 MHz; CDCk J/HZ): d = 7.46 (m, 9 H, ArH), 7.03(d, 3J(H,H) 8.8, 2 H, ArH),
6.88 (d, 3J(H,H) 84, 1 H, ArH), 509 (s, 2 H, ArCH,OAr), 4.09-360 (m, 5 H,
ArOCH,CHO, CH,0), 2.70 (t, J(H,H) 7.0, 2 H, CH-Ar), 2.30-1.80 (m, 4 H, 2 CH>).
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3-[4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)biphenyl-4-yloxy)
propane-1,2-diol 70F.2

Prepared according to the genera procedure
8.4.3 from 69F.2 (2.2 g, 2.6 mmol), 10 % OH
HCI (1 mL), EtOH (50 mL). Purification by Q_\o Q Q /_(O_H
recrystallization from EtOH

Yied: 1.7 mg (8L9 %); mp: 134 °C;
C43H2704 F17 (810). CaFar
'H-NMR (200 MHz; CDCk; J/Hz): d = 7.43 (m, 9 H, Ar-H), 7.03(d, 3J(H,H) 8.8, 2 H, Ar-
H), 6.88 (d, 3J(H,H) 84, 1 H, Ar-H), 509 (s, 2 H, ArCH,0), 4.09-360 (m, 5 H,
ArOCH,CHO, CH;0), 2.75 (t, J(H,H) 7.0, 2 H, CHAr), 2.30-1.80 (m, 4 H, 2 CH>).

3-[4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)biphenyl-4-yloxy)
propane-1,2-diol 70F.3

Prepared according to the general procedure

8.4.3 from 69F.3 (2.5 g, 2.6 mmoal), 10 % HCI @
(3 mL), EtOH (50 mL). Purification by
recrystallization from EtOH

Yield: 2.1 g (90.2 %); mp: 145 °C; C3s5H2704F2
(910).

'H-NMR (200 MHz; CDCk; J/Hz): d = 7.46-7.29 (m, 9 H, Ar-H), 7.04 (d, J(H,H) 7.8, 2 H,
Ar-H ), 6.88 (d, 3J(H,H) 8.06, 2 H, Ar-H), 5.09 (s, 2 H, ArCH,0), 4.16-3.74 (m, 5 H,
ArOCH,CHO, CH,0), 2.75 (t, 2J(H,H) 7.3, 2 H, CHAr), 2.30-1.87 (m, 4 H, 2 CH>).

OH

O

CiroF21

3-[4¢Benzyloxy-3-(1H,1H,2H,2H,3H,3H-per fluor opentadecyl)biphenyl-4-yloxy)
propane-1,2-diol 70F.4

Prepared according to the genera procedure
8.4.3 from 69F.4 (0.5 g, 0.5 mmol), 10 % @—\ / \
HCI (1 mL), EtOH (50 mL). Purification by © Q Q
recrystallization from EtOH.

Yied: 311 mg (775 %); mp: 151 °C;
Cs7H2704F 25 (1010).

'H-NMR (200 MHz; CDCk J/HZ): d = 7.47-7.24 (m, 9 H, Ar-H), 7.03 (d, 3J(H,H) 8.2, 2 H,
Ar-H), 6.88 (d, 3J(H,H) 8.2, 2 H, Ar-H), 5.09 (s, 2 H, ArCH0), 4.09-3.71 (m, 5 H,
ArOCH,CHO, CH,0), 2.74 (t, J(H,H) 7.3, 2 H, CHAr), 2.09-1.93 (m, 4 H, 2 CH>).

OH

O OH

C1oF 25
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8.6.15 Synthesis of the bolaamphiphiles53-F and 58-F
8.6.15.1 Synthesisof the bolaamphiphileswith one lateral chains53-F

3-[4'-(2,3-Dihydr oxypropyloxy)-3-per fluor obutylbiphenyl-4-yloxy]pr opane-1,2-diol
23Fap0

Prepared according to the general procedure
8.6.6 from 52.1 (0.7 g, 1.44 mmol), NMMNO i
(1.2 mL, 71 mmol of 60 % solution in DHO 1° Q
water), and osmium tetroxide (1.2 mL, 0.004 Hg H He  CuF
M solution in tert-butanol) in acetone (20

mL ). Purification by recrystallization from CHCk/MeNO, 5:3.

Yield: 200 mg (25.1 %); transition temperatures CC): Cr 113 (SmA 81) I1s0; CooHxOsFg
(552). Anal. Calcd. C, 47.83, H, 3.80; Found: C, 47.67, H, 4.08.

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.88 (dd, 3J(H, H) 8.6, *J(H, H) 2.3, 1 H, H),
7.64(d, *J(H, H) 2.3, 1 H, H. ), 7.57 (dd, 3J(H, H) 6.8, *J(H, H) 1.95, 2 H, Hy Hy), 7.35 (d,
3J(H, H) 8.9, 1H, H,), 7.02 (dd, 3J(H, H) 8.8, “J(H, H) 1.95, 2 H, Hq H), 4.96 (d, 3J(H, H)
5.08, 1 H, OHa), 4.90 (d, 3J(H, H) 4.88, 1 H, OHp), 4.67 (m, 2 H, OHg, OHc ), 4.09-3.60
(m, 6 H, 2 ArOCH3, 2 CHOH), 3.51-3.40 (m, 4 H, 2 CH,0H).

13C-NMR (100 MHz; DMSO-Dg): d = 158.7 (C4), 156.7 (C1s), 132.5 (Co, Cio), 132.2 (Cg),
130.8 (C7), 127.6 (C12, C11), 126.1 (Cé), 115.2 (C14, Ci3), 114.9 (Cs), 70.3 (C3), 70.0 (Csp),
69.9 (Cy), 69.8 (C17), 62.7 (C1), 62.5 (C1s).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.19 (m, 2J(C, F) 10.1, 3 F, CF3), -103.55 (m,
2 F, CH,CR,), -118.08 (s, 2 F, CH,CF,CF>), -122.38 (m, 2 F, CF3CF).

cHO Hf Hq Hp OHg

3-[4¢(2,3-Dihydroxypropyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ohexyl)biphenyl
-4-yloxy]propane-1,2-diol 53-F3

Prepared according to the general procedure
8.6.6 from 52.2 (420 g, 0.9 mmol), NMMNO
(2.0 mL, 5.7 mmol of 60 % solution in water)
and osmiumtetroxide (1 mL, 0.004 M solution
in tert-butanol) in acetone (10 mL).

Purification by  recrystalization  from
ethyl acetate/hexane 1:1

Yield: 102 mg (21.3 %); transition temperatures CC): Cr 97 Colc 119 1s0; GsH27OsF;
(554). Anal. Cdcd. C, 52.94, H, 4.96; Found: C, 52.65, H, 5.24; MS (70 ev) nVz (%): 544
(M*, 100).
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'H-NMR (400 MHz; DMSO-Ds; J/Hz): d = 7.52 (d, 3J(H, H) 8.8, 2 H, H;, He), 7.42 (m, 2
H, He, Hp), 6.99 (M, 3 H, Hy, Hr, Hy), 4.94 (d, 3J(H, H) 5.1, 1 H, OH,), 4.90 (d, 3J(H, H)
5.20, 1 H, OHp), 4.65 (m, 2 H, OHs, OHc), 4.03-3.76 (m, 6 H, 2 ArOCH>, 2 CHOH), 3.49
(m, 4 H, 2 CH,0H), 2.74 (t, 3J(H, H) 7.6, 2 H, CH2Ar), 2.22 (m, 2 H, CF.CH), 1.85 (m, 2
H, CH,CH,CF>).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 158.1 (C.), 156.0 (C1g), 132.5 (C1), 132.2
(C13), 129.5 (Cy), 127.9 (C11), 127.3 (Cu4, Ci5), 125.3 (Cs), 115.0 (Cye, Cr7), 112.2 (Cs),
70.1, 70.0 (C3, C1), 69.7 (C2, Cx), 62.8, 62.7 (C1, C21), 29.6 (t, 2J(C, F) 22.8, Co), 28.9 (C7),
20.1 (Cg).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -80.62 (overlapped t, 3 F. 2J(C, F) 9.15, CF3), -
114.35 (m, 2 F, CH2CF>), -127.56 (m, 2 F, CF,CFs).

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)
biphenyl-4-yloxy]propane-1,2-diol 53-F4
Prepared according to the genera procedure 8.6.6
from52.3 (1.6 g, 3.0 mmol), NMMNO (L2 mL, | "\, i OH
7.2 mmol of 60 % solution in water) and
osmiumtetroxide (1 mL, 0.004 M solution in tert-
butanol) in acetone (40 mL). Purification by
recrystallization from CHCkL/MeNO; 5:3.

Yield: 202 mg (11.3 %); transition temperatures (C): Cr 47 Colp 135 150; GsHp7O6Fg
(594). Anal. Calcd. C, 50.51, H, 4.54; Found: C, 50.51, H, 4.58.

'H-NMR (400 MHz; DMSO-Ds; J/HZ): d = 7.50 (d, 3J(H, H) 8.9, 2 H, Hy, He), 7.41 (m, 2
H, He, Hp), 6.98 (M, 3 H, Hy, Hr, Hy), 4.93 (d, *J(H, H) 5.3, 1 H, OHa), 4.89 (d, *J(H, H) 5.1,
1H, OHp), 4.65 (m, 2 H, OHg, OHc), 4.03-3.77 (m, 6 H, 2 ArOCH,, 2 CHOH), 3.45 (m, 4
H, 2 CH,0H), 2.74 (t, 3J(H, H) 7.4, 2 H, CH2ATr), 2.26 (m, 2 H, CF,CH,), 1.86 (m, 2 H,
CH,CH.CR,).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 158.1 (C4), 155.9 (C1g), 1325 (Cy), 132.2
(C13), 129.5 (Cyp), 127.8 (Cq1), 127.3 (Cu4, Gi5), 125.2 (Cs), 114.9 (C1s, Ci17), 112.2 (Cs),
70.5 (C3, Cy9), 70.0, 69.7(Cy, Cy), 62.7 (C1,C21), 29.7 (Cy), 28.9(C7), 20.1 (Cs).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.37 (overlapped t, 3 F, 2J(C, F) 10.1, CFs),
-110.28 (m, 2 F, CH,CF>), -120.84 (s, 2 F, CH,CF,CF>), -122.65 (s, 2 F, CF,CF).

C4Fg
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3-[4¢(2,3-Dihydr oxypr opyloxy)-2-(1H,1H,2H,2H,3H,3H-per fluor oheptyl)
biphenyl-4-yloxy]propane-1,2-diol 53¢F4
Prepared according to the general procedure
8.6.6 from 52.8 (3.0 g, 5.6 mmol), NMMNO
(2.5 mL, 14.37 mmol, 60 % solution in water)
and osmiumtetroxide (2 ml, 0.004 M solution
in tert-butanol) in acetone (10 mL).
Purification by  recrystallization  from
CHC|3/|V| eNO, 5:3.

Yield: 212 mg (6.4 %); transition temperatures (°C): Cr 96 Cok 99 1s0; GsH2706F (594);
Anal. Calcd.. C, 50.50, H, 4.55; Found: C, 50.33, H, 5.01.

'H-NMR (400 MHz; DMSO-Ds; JHz): d = 7.15 (d, 3J(H, H) 8.6, 2 H, Hy, H), 7.03 (d,
3J(H, H) 8.4, 1H, Hc ), 6.96 (d, *J(H, H) 8.6, 2 H, Hr, Hy), 6.89 (d, J(H, H) 25, 1 H, H,),
6.81 (dd, 2J(H, H) 8.4, “J(H, H) 2.5, 1 H, Hp), 4.93 (t, *J(H, H) 5.1, 2 H, OHa, OHp), 4.66
(m, 2 H, OHg, OHc), 4.03-3.77 (m, 6 H, 2 ArOCH,, 2 CHOH), 3.46 (m, 4 H, 2 CH,OH),
2.66 (t, 2J(H, H) 7.6, 2 H, CHAr), 2.06 (m, 2 H, CF>,CH>), 1.64 (m, 2 H, CH,CH,CF>).
13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 158.2 (C4), 157.8 (C1g), 139.7 (C7), 133.7
(C12), 133.3 (C13), 131.2 (C11), 130.2 (Cy4, Ci5), 115.3 (Cg), 114.3 (Cye, C17), 112.4 (Cs),
70.0 (C3, Cyi9), 69.6 (Cy, Cyp), 62.7 (C1, Cx1), 31.6 (Cg), 29.3 (C1o), 21.0 (Co).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.50 (overlapped t, 2J(C, F) 10.1, 3 F, CF3),
-110.37 (m, 2 F, CH,CF), -120.94 (m, 2 F, CH,CF,CFy), -122.61 (m, 2 F, CF3CF).

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-per fluor ooctylbiphenyl-4-yloxy] pr opane-1,2-diol
33-Fgo
Prepared according to the generad | HO— H,  H/H, H, —OHpg
procedure 8.6.6 from 52.4 (0.54 g, 0.79 +d" o 94 5 oh
mmol) , NMMNO (1 mL, 5.75 mmol of 60 T VRN

% solution in water) and osmiumtetroxide
(1 mL, 0.004 M solution in tert-butanol) in
acetone (10 mL). Purification by recrystallization from CHCkL/MeNO- 5:3.

Yield: 319 mg (53.7 %); transition temperatures CC): Cr 97 Col, 153 1s0; GeH21O6F17
(752); Anal. Calcd.: C, 41.49, H, 2.79; Found: C, 40.90, H, 3.39.

'H-NMR (400 MHz; DM SO-Dg; J/Hz): d = 7.87 (dd, 2J(H, H) 8.8, “J(H, H) 2.15, 1 H, Hy),
7.62 (d, ®J(H, H) 8.8, 1 H, Hc), 7.55 (dd, 3J(H, H) 8.8, “J(H, H) 1.95, 2 H, Hg, H), 7.33 (d,
3J(H, H) 8.8, 1H, H), 7.00 (d, 3J(H, H) 8.9, 2 H, Hr, Hy), 4.95 (d, 3] 5.07, 1 H, OH,), 4.88
(d, 3J(H, H) 4.9, 1 H, OHp), 4.60 (m, 2 H, OHg, OHc), 4.08-3.61 (m, 6 H, 2 ArOCH3, 2
CHOH), 3.49-3.28 (m, 4 H, 2 CH,0H).

Hg He |_|C C8F17
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13C-NMR (100 MHz; DMSO-Ds; JHz): d = 160.1 (C), 158.0 (C1s5), 133.9 (Cy), 133.6
(Co), 132.3 (C7, Gg), 129.2 (C1u1, Cp), 126.5 (Cs), 116.6 (C13, Cua), 116.3 (Cs), 71.7 (C3),
71.4(Cy6), 71.3(Cy), 71.2 (C17), 64.1 (Cy), 63.9 (Cas).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.11 (overlapped t, 3 F, 2J(C, F) 10.1, CF3), -
10338 (m, 2 F, CH,CF,), -117.23 (m, 2 F, CHCF.CF,), -11838 (m, 6 F,
CHo(CF2)2(CF)3, -119.33 (m, 2 F, CF3CR:CF>), -122.61 (m, 2 F, CF,CFy).

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)
biphenyl-4-yloxy]propane-1,2-diol 53-Fg
Prepared according to the general procedure
described for 8.6.6 from 72 (04 g, 0.6 | cHo
mmol), NMMNO (1.25 ml, 60 % solvent in pHO
water) and osmiumtetroxide (1 ml, 0.004 M
solution in tert-butanol) in acetone (40 mL).
Purification by recrystallization from
CHCIs/MeNO; 5:3.

Yield: 187 mg (46.5 %); transition temperatures CC): Cr 47 Col, 171 1s0; G7Hz7O6F13
(694). Anal. Calcd.: C, 46.68, H, 3.98; Found: C, 46.97, H, 3.90.

'H-NMR(200 MHz, DMSO-Ds, J/Hz): d = 7.56 (d, 3J(H, H) 8.8, 2 H, Hg, He), 7.45 (m, 2 H,
He, Hb), 7.04 (m, 3 H, H,, Hr, Hy), 4.96 (d, 2J(H, H) 4.9, 1 H, OH,), 4.92 (d, 1 H, OHp),
4.06 (m, 2 H, OHg, OHc), 4.02-3.81 (m, 6 H, 2 ArOCH,CHOH), 3.52 (m, 4 H, CH,OH,
CH20H), 2.75 (t, *J(H, H) 7.0, 2 H, CH2ATr), 2.35 (m, 2 H, CF,CH>), 1.90 (m, 2 H, CH>).
13C-NMR (100 MHz; DMSO-Dg J/Hz): d = 158.0 (C4), 155.9 (Cig), 132.5 (C10), 132.2
(C13), 129.5 (Cy1), 127.8 (Cao), 127.3 (C14, C15), 125.2 (Cs), 114.9 (Cu1s, C17), 112.2 (Cs),
70.0 (C3, Cig), 70.0, 69.7 (Cy, Co), 62.7 (C1, Co1), 296 (t, 2J(C, F) 22.8, &), 28.80 (Cy),
20.13 (Cs).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.11 (overlapped t, 3 F, CFs), -109.96 (m, 2
F, CH,CF»), -118.59 (s, 2 F, CH,CF,>CF>),-119.50 (S, 2 F, CFsCRCFRCF>), -119.87 (s, 2 F,
CF2CF2CF3), -122.61 (S, 2 F, CF3CF2).

3-[4¢(2,3-Dihydr oxypr opyloxy)-2-(1H,1H,2H,2H,3H,3H-per fluor ononyl)
biphenyl-4-yloxy]propane-1,2-diol 53¢Fe
Prepared according to the generd
procedure described for 8.6.6 from 52.9
(1.34 g, 214 mmol), NMMNO (2.5 mL,
14.37 mmol of 60 % solution in water)
and osmiumtetroxide (2 ml, 0.004 M
solution in tert-butanol) in acetone
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(40 mL). Purification by recrystallization from CHCE/MeNO, 5:3.

Yield: 201 mg (14.3 %); transition temperatures (°C): Cr <20 Col, 134 1s0; C7H270sF13
(694). Anal. Calcd.:C, 46.68, H, 3.89; Found: C, 46.12, H, 4.46.

'H-NMR (400 MHz; DMSO-Ds; JHz): d = 7.13 (d, 3J(H, H) 8.8, 2 H, Hg, H), 7.05 (d,
3J(H, H) 8.9, 1 H, Hc), 6.96 (d, *J(H, H) 8.8, 2 H, Hr, Hy), 6.80 (m, 2 H, H, Hy), 492 (t,
3J(H, H) 4.9, 2 H, OHa, OHp), 4.63 (t, 2J(H, H) 5.5, 2 H, OHg, OHc), 4.02-3.79 (m, 6 H, 2
ArOCH>, 2 CHOH), 3.49-3.28 (m, 4 H, 2 CH,0H), 2.64 (t, *J(H, H) 7.6, 2 H, ArCH,), 2.05
(m, 2 H, CH,CF>), 1.63 (m, 2 H, CH,CH,CF,).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 162.3 (C4), 162.0 (C1g), 1439 (C7), 137.9
(C12), 137.4 (Ci3), 135.4 (Cq1), 134.4 (Cy4, Cis), 119.5 (Ce), 118.5 (Cys, C17), 116.5 (Cs),
74.2 (C3, Cyo), 73.8 (C2, Cx), 66.9 (Cy, Cz1), 35.8 (Cg), 33.6 (C10), 25.1 (Co).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -77.15 (overlapped t, 2J (C, F) 10.1, 3 F, CFs), -
110.00 (m, 2 F, CH2CF2), -118.65 (m, 2 F, CH2CF2CF2), -119.58 (S, 2 F, CFgCFzCFzCFz), -
119.97 (s, 2 F, CF,CF,CFs), -122.65 (m, 2 F, CF;CF).

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor oisodecyl ) biphenyl-4-
yloxy]propane-1,2-diol 53-F;

Prepared according to the general procedure
8.6.6 from 525 (21 g, 311 mmal), Ho—=3 He HoHe ML on
NMMNO (125 mL, 7.18 mmol of 60 % J =R P
solution in water) and osmiumtetroxide (1 ?
mL, 0.004 M solution in tert-butanol) in
acetone (40 mL). Purification by
recrystallization from CHCkEL/MeNO, 5:3.
Yield: 402 mg (174 %); transition temperatures (°C): Cr 45 Coly, 179 Iso;
CasH2706F15(744); And. Calcd.. C,45.16, H, 3.63; Found: C, 45.15, H, 3.71.

'H-NMR (400 MHz; DMSO-Ds; J/Hz): d = 7.50 (d, 3J(H, H) 8.8, 2 H, Hg, He), 7.40 (m, 2
H, He, Hp), 6.96 (M, 3 H, Hy, Hr, Hy), 4.92 (d, *J(H, H) 5.1, 1 H, OHa), 4.89 (d, *J(H, H) 5.3,
1 H, OHp), 4.63 (M, 2 H, OHg, OHc), 4.03-3.76 (m, 6 H, 2 ArOCH3, 2 CHOH), 3.49 (m, 4
H, 2 CH,0OH), 2.73 (t, 3J(H, H) 7.4, 2 H, CH»ATr), 2.48 (m, 2 H, CF2CH,), 1.84 (m, 2 H,
CH,CH,CR,).

13C-NMR (100 MHz; DMSO-Dg; J/Hz): d =158.0 (C4), 155.9 (Cis), 1325 (C1), 132.2
(C13), 129.5 (Cyp), 127.8 (C11), 127.3 (C14, Cis), 125.2 (Cg), 114.9 (Cys, Ca7), 112.1 (Cs),
70.0 (C3, Cyg), 70.0, 69.7 (Cy, Cyo), 62.7 (Cy1, C21), 29.6 (Co), 28.9(C7), 20.1 (Cs).

F-NMR (188 MHz; DMSO-Dg; JHz): d = -68.25 (m, 6 F, 2 CF3), -110.04 (m, 2 F,
CH,CR,), -111.91 (s, 2 F, CH,CF,CF,), -117.52 (s, 2 F, CHy(CF2).CFy), -119.44 (s, 2 F,
CHy(CF,)sCF>) -182.60 (s, 1 F, CF(CF3)2).

s—(CF,),CF(CF3),
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3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)
biphenyl-4-yloxy]propane-1,2-diol 53-Fg
Prepared according to the generd
procedure 8.4.3 from 59.1 (1.7 g, 1.94
mmol), 10 % HCI (2 mL), EtOH (70 mL).
Purification by recrystalization from
CHCl/MeNO; 5:3.

Yield: 435 mg (28.2 %); trandtion
temperatures (°C): Cr 70 Coly 188 1s0; CogH2706F17 (794). Anal. Calcd.: C, 43.83, H, 3.40;
Found: C, 43.49, H, 3.68.

'H-NMR (400MHz; DMSO-Dg; J/HZ): d = 7.52 (d, 2J(H, H) 8.8, 2 H, Hg, Ho), 7.40 (m, 2 H,
He, Hb), 6.96 (M, 3H, Ha, Hr, Hy), 4.94 (d, J(H, H) 5.1, 1 H, OHa), 4.89 (d, 3J(H, H) 5.3, 1
H, OHp), 4.65 (m, OHg, OHc), 4.03-3.83 (M, 4 H, 2 ArOCHy), 3.70 (m, 2 H, 2 CHOH),
3.43 (m, 4 H, 2 CH,0H), 2.75 (t, 3J(H, H) 7.4, 2 H, CH2Ar), 2.20 (m, 2 H, CF,CHy), 1.85
(m, 2 H, CHy,).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 158.1 (C4), 155.9 (Cig), 1325 (Cy), 132.2
(Ci13), 129.5 (Cqp), 127.8 (C11), 127.3 (Ci4, Ci5), 125.2 (Cp), 114.9 (C16, Ci7), 112.2 (Cs),
70.1(Csz), 70.0 (C19), 69.7 (C2, Cp), 62.74 (C1, Cxn1), 29.6 (C7), 28.9 (Cg), 20.1 (Cy).
19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.04 (overlapped t, 2J(C, F) 10.1, 3 F, CF3), -
10991 (m, 2 F, CH,CFy), -11849 (m, 6 F, (CFy)3CF,CH,), -119.33 (m, 2 F,
CF3(CR)2CF,), -119.85 (m, 2 F, CF,CF2CF3), -122.59 (m, 2 F, CF;CF).

3-[4¢(2,3-Dihydr oxypr opyloxy)-2-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)
biphenyl-4-yloxy]propane-1,2-diol 53¢Fs
Prepared according to the general procedure
8.6.6. from 52.10 (1.88 g, 259 mmol),
NMMNO (1.25 mL, 7.18 mmol of 60 %
solution in water) and osmiumtetroxide (1mL,
0.004 M solution in tert-butanol) in acetone
(10 mL). Purification by recrystallization from
CHCl5/MeNO; 5:3.

Yield: 202 mg (9.8 %); transition temperatures (°C): Cr < 20 Col, 161 1s0; GgoH27O0sF17
(794). Anal. Calcd.: C,43.83, H, 3.40; Found: C, 43.40, H, 3.84.

'H-NMR (400 MHz; DMSO-Ds; JHz): d = 7.13 (d, 3J(H, H) 8.6, 2 H, Hg, H), 7.05 (d,
3J(H, H) 84, 1 H, Hc), 6.96 (d, *J(H, H) 8.8, 2 H, Hy, Hy), 6.88 (d, “J(H, H) 2.5, 1H, H,),
6.80 (dd, 2J(H, H) 8.4, *J(H, H) 2.5, 1 H, Hp), 4.92 (t, 3J(H, H) 5.08, 1 H, OHa, OHp), 4.64
(t, 3J(H, H) 5.1, 2 H, OHg, OHc), 4.03-3.76(m, 6 H, 2 ArOCH3, 2 CHOH), 3.46 (m, 4 H, 2
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CH,0H), 2.61 (t, 2J(H, H) 7.6, 2 H, CHAr), 2.11-1.97 (m, 2 H,CF>,CH,), 1.67-1.59 (m, 2
H, CH,CH,CF>).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 158.1 (C4), 157.8 (C1g), 139.7 (C7), 133.7
(C12), 133.3 (Cy3), 131.2 (C11), 130.2 (Cuas, Gis), 115.3 (Cs), 114.3 (C1s, C17), 112.3 (Cs),
70.0 (C3, C19), 69.6 (C2, Cro), 62.8 (C1,C21), 31.6 (Cs), 29.4 (C1o), 20.96 (Cy).

19F-NMR NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.11 (overlapped t, CFs, 3F, 2J(C, F)
10.1, CF3), -110.12 (m, 2 F, CH,CFy), -118.57 (m, 6 F, CHx(CF2)2CF>2), -119.39 (m, 2 F,
CH2(CF.);CF2), -119.95 (m, 2 F, CFsCF,CF»), -122.66 (M, 2 F, CF,CFa).

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)
biphenyl-4-yloxy]propane-1,2-diol 53-F1g
Prepared according to the generd
procedure 86.6 from 52.6 (08 g,
0.9 mmol), NMMNO (1 mL, 5.7 mmol of
60 % solution in  water) and
osmiumtetroxide (1 mL, 0.004 M solution
in tert-butanol) in acetone (10 mL).
Purification by recrystallization from CHCk/MeNO, 5:3.

Yield: 304 mg (36.2 %); transition temperatures (°C): Cr 57 Col, 180 1s0; GiH270sF2
(894). Anal. Calcd.:C, 41.61, H, 3.02; Found: C, 41.45, H, 3.65.

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.53 (d, 3J(H, H) 8.6, 2 H, Hg, H), 7.37 (m, 2
H, He, Hp), 6.94 (M, 3 H, Hy, Hr, Hy), 4.93 (d, *J(H, H) 5.1, 1 H, OHa), 4.85 (d, *J(H, H) 5.1,
1H, OHp), 4.59 (m, 2 H, OHg, OHc), 4.20-3.75 (m, 6 H, 2 ArOCH,, 2 CHOH), 3.46 (m, 4
H, 2 CH,0H), 2.67 (t, 2J(H, H) 7.4, 2 H, CH2ATr), 2.18 (m, 2 H, CF,CHy), 1.81 (m, 2 H,
CH,CH.CR,).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 158.0 (C.), 155.9 (C1g), 132.5 (C1), 132.2
(C13), 129.8 (Cip), 127.7 (Cq1), 127.2 (Ci4, Ci5), 125.2 (Ce), 114.9 (Css, C17), 112.1 (Cs),
70.0 (C3, Cy9), 69.7 (Cy, Cyp), 62.7 (C1, Cx), 29.6 (Co), 28.9 (C7), 20.1 (Cy).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -78.30 (overlapped t, 2J(C, F) 10.1, 3 F, CFa), -
110.72 (m, 2 F, CH,CF;), -119.09 (s, 10 F, CH.CF,(CFy)s), -120.10 (s, 2 F,
CF3CF2CF2CF2), -120.34 (S, 2 F, CF2CF2CF3), -123.56 (m, 2 F, CF3CF2).

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H,4H ,4H ,5H,5H ,6H ,6H
7H,7H,8H,8H,9H,9H,10H,10H,11H,11H,12H,12H-per fluor ooctadecyl)

biphenyl-4-yloxy]propane-1,2-diol 53-Fg/12
Prepared according to the general procedure - OH

cHo_$_\ B
86.6 from 527 (340 g, 0.45 mmol),
NMMNO (1 mL, 517 mmol of 60 % H H —CoF 13
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solution in water) and osmiumtetroxide (1 mL, 0.004 M solution in tert-butanol) in acetone
(25 mL). Purification by recrystallization from CHCkL/MeNO; 5:3.

Yield: 150 mg (37.3 %); trandtion temperatures (°C): Cr < 20 Col 150 Iso;
C3Has06F13(820). Andl. Calad.: C, 52.70, H, 5.49; Found: C, 52.19, H, 5.97.

'H-NMR (400 MHz; DMSO-Ds, JHz): d = 7.50 (d, 3J(H, H) 8.8, 2 H, Hg He), 7.36 (d,
4J(H, H) 2.3, 1 H, Hy), 7.32 (dd, 3J(H, H) 6.6, “J(H, H) 2.3, 1 H, Hc ), 6.97 (m, 3 H, Hy, Hs,
Hy), 4.95 (d, 3J(H, H) 5.1, 1 H, OHa), 4.88 (d, *J(H, H) 5.1, 1 H, OHg), 4.62 (M, 2 H, OHc,
OHp ), 4.20-3.77 (m, 6 H, 2 ArOCH>, 2 CHOH), 3.47 (m, 4 H, 2 CH,0H), 2.58 (t, J(H, H)
7.4, 2 H, CH2Ar), 2.18 (m, 2 H,CF,CH>), 1.48 (m, 2 H, CH,CH,CF>), 1.28 (m, 18 H, 9
CH,).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 158.0 (C4), 155.9 (Cz), 132.7 (Ca), 132.1
(C22), 131.1 (Cyg), 127.6 (Cpo), 127.3 (Cza, Cua), 124.6 (Ce), 114.9 (C2s, Gy), 112.0 (Cs),
70.1 (C3), 70.0 (C2g), 69.7 (C2), 69.6 (Cz9), 62.9 (Cy), 62.8 (C30), 29.8, 29.4, 29.0, 28.9, 28.8,
28.7, 28.5, 28.1, 19.6 (CH>).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.09 (overlapped t, 2J(C, F) 10.1, 3 F, CF3), -
110.12 (m, 2 F, CH,CF>), -118.59 (s, 2 F, CF:CFR:CF:CF>), -119.52 (m, 2 F, CF,CF,CFs), -
122.61 (m, 2 F, CF3CF>).

8.6.15.2 Synthesis of bolaamphiphilic biphenyl derivatives with spacer units

6-[ 4¢(2,3-dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-
yloxy]hexane-1,2-diol 53"“-F¢

Prepared according to the generd
procedure 8.4.3 from 59.2 (1.0 g, 1.3
mmol), 10 % HCI (1 mL), EtOH (20 mL). | po—
Purification by recrystallization from 2
n-hexan/ethyl acetate 10:4 (30 mL).

Yield: 143 mg (153 %); transtion
temperatures (°C): Cr 94 Col, 144 Iso;
CaH3306F13 (736).

'H-NMR (200 MHz; DMSO-Ds; J/HZ): d = 7.51 (d, 3J(H, H) 8.4, 2 H, Hg, He), 7.48 (m, 2
H, He, Hp), 6.98 (m, 3 H, Hy, Hr, Hg), 4.94 (s, 1 H, OHa), 4.66 (s, 1 H, OHp), 4.35 (m, 2 H,
OHg, OHc), 4.02 (m, 6 H, ArOCH,CHOH, ArOCH,CH,; CHOH), 3.27 (m, 4 H, CH,OH,
CH,0H), 2.71 (t, *J(H, H) 7.03, 2 H, CH,Ar), 2.26 (m, 2 H, CF.CH>), 1.83-1.21 (m, 10 H,
5 CHy).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 159.5 (C7), 157.3 (C2), 134.0 (C1s), 133.5
(C16), 130.8 (C14), 129.3 (Cy17), 128.7 (C1g), 126.7 (Co), 116.4 (C19, Cr), 113.5 (Cs), 72,5

CeF13
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(Cz2), 71.4 (Cg), 71.2 (Cz), 69.1 (Cos), 67.4 (C1), 64.2 (Cy), 34.4 (CH,), 31.0 (C1o), 23.1
(CHy), 21.6(CHy).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.17 (overlapped t, 2J(C, F) 10.1, 3 F, CF3), -
109.92 (m, 2 F, CH,CF>), -118.67 (s, 2 F, CH,CF,CF>»), -119.60 (s, 2 F, CFsCR.CRCF), -
119.97 (s, 2 F, CF,CF,CFs), -122.71 (m, 2 F, CFsCFy).

11-[4¢(2,3-Dihydroxypropyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)
biphenyl-4-yloxy]undecane-1,2-diol 53"°-F
Prepared according to the

general procedure 8.4.3 from
59.3 (1.1 9, 1.2 mmol), 10 %
HCl (2 mL), EtOH (40 mL).
Purification by recrystallization
from CHCkL/MeNO; 5:3.

Yield: 141 mg (138 %);
transition temperatures (°C): Cr

71 C0|t 117 1s0; Cs35H4306F13
(806). Anal. Calad.. C, 52.11, H, 5.33; Found: C, 51.88, H, 5.99.

'H-NMR (400 MHz; DMSO-Ds; J/HZ): d = 7.60 (d, 3J(H, H) 8.0, 2 H, Hg, He), 7.40 (m, 2
H, He, Hp), 6.98 (M, 3H, Hy, Hr, Hy), 4.96 (d, 3J(H, H) 4.1, 1 H, OH(), 4.66 (t, 2J(H, H) 4.9,
1 H, OHp), 4.35 (m, 2 H, OHa, OHp), 4.38 (t, *J(H, H) 5.3, 1 H, Hg), 4.27(d, 3J(H, H) 4.7, 1
H, Hc), 3.99 (m, 5 H, ArOCH>CHOH, ArOCH>CHy), 3.46 (m, 3 H, CH,OH, CHOH), 3.21
(m, 2 H, CH20H), 2.72 (t, 3J(H, H) 7.0, 2 H, CHAr), 2.22 (m, 2 H,CF,CHy), 1.85 (m, 2 H,
CHy), 1.69 (m, 2 H, CHy), 1.24-1.42 (m, 14 H, 7 CHy).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 158.1 (C12), 155.9 (Cz), 132.5 (C2), 132.1
(C20), 129.3 (C1o), 127.9 (Cpp), 127.3 (Cp3), 125.3 (C14), 114.9 (Cos, Cps), 112.0 (C13), 71.1
(C27), 70.0 (Cy1), 69.7 (Cas), 67.5 (Cag), 66.0 (C1), 62.8 (C2), 33.3 (CHy), 29.7 (t, C17), 25.63
(CHy), 25.1 (CHy), 20.3 (C1s).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -77.25 (overlapped t, 2J(C, F) 10.1, 3 F, CFa), -
110.0 (m, 2 F, CH,CFy), -118.7 (s, 2 F, CH2CRCF>»), -119.6 (s, 2 F, CF3(CF,).CF»), -120.0
(m, 2 F, CF,CF,CFs), -122.7 (m, 2 F, CF3CFy).

6-[ 4¢(5,6-Dihydr oxyhexyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-
yloxy] hexane-1,2-diol 53*“-F
Prepared according to the HO
general procedure 8.4.3 from Ho * %
59.4 (1.3 g, 1.5 mmol), 10 %
HCI (2 mL), EtOH (40 mL).

27
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Purification by recrystallization from CHCkL/MeNO, 5:3.

Yield: 137 mg (11.8 %); transition temperatures (°C): Cr 52 Col, 102 I1s0; G3HzOsF13
(778). Anal. Calad.: C, 50.90, H, 5.01; Found: C, 50.54, H, 5.15.

'H-NMR (400 MHz; DMSO-Ds; J/HZ): d = 7.50 (d, 3J(H, H) 8.8, 2 H, Hg, He), 7.38 (m, 2
H, He, Hp), 6.96 (M, 3 H, Hy, Hr, Hg), 4.45-4.35 (M, 4 H, 4 OH), 3.96 (m, 4 H, 2 ArOCH)),
3.41 (m, 2 H, 2 CHOH), 3.25 (m, 4 H, CH,0OH), 2.70 (t, 3J(H, H) 7.23, 2 H, CH-ATr), 2.22
(m, 2 H,CF,CHy>), 1.83-1.24 (m, 16 H, 6 CH»).

13C-NMR (100 MHz; DMSO-Dg): d = 158.0 (C7), 155.9 (C2), 132.5 (Cs), 132.2 (C1s),
129.3 (C13), 127.9 (C14), 127.3 (C17,C1s), 125.3 (Co), 114.9 (C19, Cx0), 112.1 (Cg), 71.1 (Cs),
71.0 (Cz2), 67.6 (Cy), 67.6 (C6), 66.0 (C1), 66.0 (C27), 33.1 (C3), 33.0 (Czs), 29.4 (CH,CF>),
29.1 (C10), 28.9 (C4, C3), 21.8 (Cz4), 21.7 (Cs), 20.2 (C11).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.25 (overlapped t, 2J(C, F) 10.1, 3 F, CF3), -
110.1 (m, 2 F, CH,CF,), -118.7 (s, 2 F, CH2CFRCF>), -119.6 (s, 2 F, CF3(CF,).CF>), -120.0
(s, 2 F, CF.CF,CFs), -122.8 (m, 2 F, CF3CF).

6-[4¢(2,3-Dihydr oxypropyloxy)-3¢(1H,1H,2H,2H,3H,3H-per fluor oundecyl)

biphenyl-4-yloxy] hexane-1,2-diol 53**-Fg
Prepared according to the generd
procedure 8.4.3 from 59.5 (1.0 g, 11 | Ho &
mmol), 10 % HCI (1 mL), EtOH (50 mL).
Purification by recrystallization from
CHCl/MeNO; 5:3.

Yield: 176 mg (19.3 %); transition temperatures (°C): Cr 76 Col, 138 1s0; GoHxOsF17
(836); MS (70ev): m/z (%): 836 (M™, 96), 720 (82), 646 (100), 199 (52), 85 (39).

'H-NMR (400MHz; DMSO-Dg; J/HZ): d = 7.49 (d, 2J(H, H) 8.8, 2 H, Hg, Ho), 7.39 (m, 2 H,
He, Hp), 6.96 (M, 3 H, H,, Hr, Hy), 4.88 (d, 3J(H, H) 5.1,1 H, OHa), 4.62 (t, 3J(H, H) 5.7,1
H,. OHp), 4.43 (t, 3J(H, H) 5.7, 1 H, OHg), 4.38 (d, 3J(H, H) 5.7, 1 H, OHc), 4.06-3.90 (m,
4 H, 2ArOCH,), 3.82 (m, 1 H, CHOH), 3.48 (m, 2 H, CH,OH), 3.41 (m, 1 H, CHOH), 3.25
(m, 2 H, CH,0H), 2.73 (t, 2J(H, H) 7.23, 2 H, CHAr), 2.25 (m, 2 H, CF,CHy), 1.88 (m, 2
H, CHy), 1.75 (m, 2 H, CHy), 1.20-1.65 (m, 6 H, 3 CH)).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 158.0 (C4), 155.9 (Cig), 132.4 (Cy), 133.2
(C13), 129.5 (Ci), 127.8 (Cy1), 127.3 (Cus, Ci5), 125.2 (Cs), 114.9 (C16, C17), 112.2 (Cs),
71.1 (Cs3), 70.1 (Cy), 69.7 (Cp), 67.6 (C1), 66.0 (Cas), 62.7 (Cz), 33.1 (C7), 29.6 (t,
CH,CF>), 28.9 (Cg), 21.7 (Cx), 20.2 (Cx).

19F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -77.07 (overlapped t, 2J(C, F) 10.1, 3 F,

CFs), -110.00 (m, 2 F, CH,CF>), -11851 (m, 6 F, CH,CF»(CF»)3), -119.35 (m, 2 F,
CHa(CF2)4CF>»), -119.87 (m, 2 F, CF,CF,CFs), -122.71 (m, 2 F, CF3CF>).
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6-[ 4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)
biphenyl-4-yloxy] hexane-1,2-diol 53'*-Fg
Prepared according to the genera procedure
8.4.3from59.6 (0.9 g, 1.1mmol), 10 % HCI (1
mL), EtOH (50 mL). Purification by
preparative centrifugal thin layer
chromatography (eluent: CHCkL/MeOH: 10:2),
followed by recrystallization from CHCk.
Yield: 178 mg (21.7 %); transition
temperatures (°C): Cr 83 Coly 161 1s0; C32Hz306F17 (836). Anal. Calcd.: C, 45.93, H, 3.95;
Found: C, 45.78, H, 4.18.

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.51 (d, 2J(H, H) 8.8, 2 H, Hg, He), 7.40(m, 2 H,
He, Hb), 6.96 (M, 3 H, Ha, Hr, Hg), 4.94 (d, 2J(H, H) 5.1, 1 H, OH,), 4.64 (t, *J(H, H) 5.7, 1
H, OHp), 4.41 (t, *J(H, H) 5.7, 1 H, OHg), 4.34 (d, 3J(H, H) 4.9, 1 H, OHc), 3.77-4.01 (m, 5
H, ArOCH,CHOH, ArOCH,CH), 3.46 (m, 3 H, CH,OH, CHOH), 3.29 (m, 2 H, CH,0OH ),
2.73 (t, 3J(H, H) 7.4, 2 H, CH2Ar), 2.25 (m, 2 H,CF,CHy), 1.88 (m, 4 H, 2 CH5), 1.45 (m, 4
H, 2 CH,).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 158.1 (C7), 155.9 (Cx), 1325 (Css), 132.1
(Ci6), 129.3 (Ca3), 127.9 (C14), 127.3 (C17, Cys), 125.3 (Co), 115.0 (Cy9, Cr),112.1 (Cs), 71.0
(C22), 70.0 (Cs), 69.7 (Cz3), 67.6 (C24), 65.9 (C1), 62.7 (Cy), 32.0 (CH2ATr), 29.1 (CH,CF,),
28.9, 21.7, 20.2 (CHy).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -77.14 (overlapped t, 2J(C, F) 10.1, 3 F, CFs),
-109.91 (m, 2 F, CH,CF;), -11849 (m, 6 F, (CF)3CF.CHp), -119.33 (m, 2 F,
CF3(CR,)2CFy), -119.85 (m, 2 F, CF,CF,CF3), -122.59 (m, 2 F, CF3CF).

gF17

3-[4¢(2,3-Dihydroxpropyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)
biphenyl-4-yloxy]undecane-1,2-diol 53"°-Fg
Prepared according to the general

procedure 8.4.3 from 59.7 (0.7 g,
0.7 mmol), 10 % HCI (1 mL),
EtOH (50 mL). The product was
purified by preparative centrifugal
thin layer chromatography (eluent:
CHCls/MeOH 10:2), followed by
recrystallization from CHCb.

Yield: 178 mg (20.9 %); transition
temperatures ( °C): Cr 97 Colk 135 1s0; C37H4306F17 (906); Anal. Calcd. C, 49.00, H, 4.75;
Found: C, 49.10, H, 4.50.
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'H-NMR (200 MHz; DMSO-Ds; J/Hz): d = 7.52 (d, 3J(H, H) 8.8, 2 H, Hg, He), 7.41 (m, 2
H, He, Hp), 6.99 (M, 3 H, Hy, Hr, Hy), 4.94 (d, *J(H, H) 5.1, 1 H, OHa), 4.68 (t, *J(H, H) 5.7,
1 H,. OHp), 4.36 (t, ®J(H, H) 5.5, 1 H, OHg), 4.26 (d, J(H, H) 4.88, 1 H, OHc), 3.99 (m, 5
H, ArOCH,CHOH, ArOCH>CH,), 3.47 (m, 3 H, CH,OH, CHOH), 3.24 (m, 2 H, CH,0H),
2.74 (t, 3J(H, H) 7.6, 2 H, CH2Ar), 2.23 (m, 2 H,CF,CH>), 1.71 (m, 4 H, 2 CH>), 1.24 (s, br,
14 H, 7 CHy).

13C-NMR (100 MHz; DMSO-Dg; JHz): d = 158.1 (C1), 155.9 (Cz), 132.5 (Cz),
132.1(C20), 129.3 (C1o), 128.0 (Cpp), 127.3 (Cz3), 125.3 (Cra), 114.9 (Cz), 113.6 (C2),
112.0 (C13), 71.1 (Cz7), 70.0 (Cy1), 69.7 (Czs), 67.5 (Cpg), 66.0 (Cy), 62.8 (Cy), 33.1, 29.2,
29.0, 28.8, 25.1, 20.4 (CHy).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.11 (overlapped t, 3 F, 2J(C, F) 10.1, CFs),
-109.89 (m, 2 F, CH.,CF,), -11853 (m, 6 F, (CF.)sCF:CH), -11953 (m, 2 F,
CF3(CR)2CF»), -119.87 (m, 2 F, CF,CF,CF3), -122.61 (m, 2 F, CF3CF>).

8.6.15.3 Synthesis of thebolaamphiphiles 53F.15 and 53F.16

6-[ 4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)
biphenyl-4-yloxy]-4-oxahexane-1,2-diol 53F.15

6-[4¢(2,2-Dimethyl-1,3-dioxolan-4-ylmethoxy)-3-(1H,1H,2H,2H,3H,3H-
per fluor ononyl)bi phenyl-4-yloxy]-4-oxahexane-1,2-diol 64
Prepared according to the procedure

HO,  OH
described for 8.6.6 from 63 (2.6 g, 3.5 @j —~
mmol), NMMNO (2 mL, 60 % solvent ° OO ©

in water), and osmiumtetroxide (1 mL,
0.01 M) in acetone (10 mL). CeF1a
Purification by preparative centrifugal
thin layer chromatography (eluent: CHCk/MeOH 10:1).

Yield: 571mg (21.1 %); yellow oil; CaxHas07F13 (779).

'H-NMR (200 MHz; CDCk J/Hz): d = 7.43 (dd, “J(H, H) 2.2, 3J(H, H) 6.8, 2 H, Ar-H),
7.34 (m, 2 H, Ar-H), 6.94 (dd, J(H, H) 2.0, 3J(H, H) 6.8, 2 H, Ar-H), 6.87 (d, 2J(H, H) 84,
1H, Ar-H), 4.51 (m, 1 H, OCH), 4.18-3.57 (m, 13 H, OCH,CHO, 5 CH,0), 3.29 (m, 1 H,
OH), 2.95 (m, 1H, OH), 2.76 (t, 3J(H, H) 7.4, 2 H, CH»Ar), 217-1.94 (m, 4 H,
CF,CH,CHy).
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6-[4¢(2,3-Dihydroxypropyl oxy)-3-(1H,1H,2H,2H,3H,3H-perfluorononyl)
bi phenyl-4-yloxy] -4-oxahexane-1,2-diol 53F.15

Prepared according to the genera
procedure 84.3 from 64 (568 mg,
0.7 mmal), 10 % HCI (1 mL), EtOH (20 oHO
mL). Purification by recrystallization from
CHCls.

Yield: 157 mg (29.1 %); transition

temperatures (° C): Cr < 20 Coln132 Is0; Cy9H310;F13 (738); Anal. Calcd. C, 47.15, H, 4.20;
Found: C, 47.24, H, 4.51.

'H-NMR (400 MHz; DMSO-Ds; J/Hz): d = 7.52 (dd, 3J(H, H) 8.8, “J(H, H) 2.0, 2 H, Hg,
He), 7.42 (M, 2 H, He, Hy), 6.96 (M, 3 H, Ha, Hr, Hy), 4.92 (d, 2J(H, H) 5.3, 1 H, OHa), 4.66
(t, 3J(H, H) 5.7, 1 H, OHp), 4.60 (d, 3J(H, H) 4.9, 1 H, OHg ), 4.43 (t, 3J(H, H) 5.7, 1 H,
OHc), 4.13-3.74 (m, 7 H, 2ArOCH», CH,0, CHOH), 3.60-3.25 (m, 7 H, CHOH, CH-0,
2CH,0H), 2.73 (t, 3J(H, H) 7.4, 2 H, CH2Ar), 2.26 (m, 2 H,CF,CH,), 1.83 (m, 2 H,
CH,CH,CFR).

13C-NMR (100 MHz; DMSO-Dg): d = 158.1 (C20), 155.7 (Cs), 132.4 (C14, C15), 129.6 (C12),
127.9 (C13), 127.2 (C16, C17), 125.2 (Cg), 114.9 (C1s, C1o), 112.4 (C7), 72.78 (Cs), 70.57(Ca),
70.0 (C21), 69.7 (Cs), 69.3 (C2), 67.7 (Cy), 63.0 (Cx), 62.7 (C1), 29.5 (Cu), 29.0 (Co),
20.06(C1o).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.13 (overlapped t, 3 F, CFs), -110.00 (m, 2
F, CH,CF), -118.63 (s, 2 F, CH,CF:CF>»), -119.56 (s, 2 F, CRsCF,CF.CF»), -119.93 (s, 2 F,
CF,CF,CFs), -122.65 (m, 2 F, CF3CF).

3-[3¢4¢Bis(2,3-dihydr oxypropyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)
biphenyl-4-yloxy]propane-1,2-diol 53F.16
Prepared according to the general procedure
described for 8.6.6 from 67 (1.7 g, 2.5 mmol),
NMMNO (0.6 mL, 3.4 mmol of 60 % solution
in water) and osmiumtetroxide (1 mL, 0.004 M
solution in tert-butanal), ) in acetone (10 mL).
Purification by preparative centrifugal thin
layer chromatography (CHCk/MeOH 10:1), followed by recrystalization from ethyl
acetate.
Yield: 800 mg (41.4 %); transition temperatures (°C): Cr 72 Coly 106 1s0; GoH3300F13
(786).
'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.44 (m, 2 H, Ar-H), 7.19 (d, “J(H, H) 2.0, 1 H,
Ar-H), 7.10 (dd, 3J(H, H) 8.2, *J(H, H) 2.0, 1 H, Ar-H), 6.98 (m, 2 H, Ar-H), 4.89 (br s, 3 H,
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3 OH), 4.63 (br s, 3 H, 3 OH), 4,.07-3.80 (m, 9 H, 3 ArOCH,, 3 CHOH), 3.46 (m, 6 H, 3
CH,0H), 2.72 (t, 2J(H, H) 7.23, 2 H, CHAr), 2.32-2.18 (m, 2 H,CF,CH,), 1.89-1.81 (m, 2
H, CH,CH,CF>).

13C-NMR (100 MHz; DMSO-Dg): d = 156.0 (C21), 149.2 (C4), 148.1 (C17), 133.4 (C13),
132.3 (C12), 129.5 (C14), 128.0 (C15), 125.4 (C10), 118.9 (C11), 114.8 (Cg), 112.7 (C16), 112.1
(Cs), 70.9 (C3), 70.1 (C2), 70.2 (C1g), 69.7 (Cz), 62.9 (C1o, C2), 62.7 (C20, Co4), 59.7 (Cy),
29.6 (Cg), 29.0 (C7), 20.2 (Cs).

19F-NMR (188 MHz; DMSO-Ds; J/Hz)d = -77.15 (overlapped t, 3 F, CFs), -110.06 (m, 2 F,
CH2CR,), -118.65 (s, 2 F, CH2CF.CF>), -119.58 (s, 2 F, CRsCF.CF.CF>), -119.93 (s, 2 F,
CF,CF.CFs), -122.67 (m, 2 F, CF3CF>).

8.6.15.4 Synthesis of thebolaamphiphiles with two lateral chains54

3-[4¢(2,3-Dihydr oxypr opyloxy)-3-octadecyl-3¢&methylbiphenyl-4-yloxy] pr opane-1,2-
diol 54-H11s
Prepared according to the general procedure

8.4.3 from 2,2-Dimethyl-4-{4-[(2,2-dimethyl- | HO ™\ e X, ;L[ OH
1,3-dioxolan-4-yl) methoxy]-3'-methyl-3- "o OAQTQ%__O\ o
octadecy! biphenyl-4-yloxymethyl}-1,3- He “\eHs
dioxolane (592 mg, 0.87 mmoal), 10 % HCI
(2 mL), EtOH (50 mL). Purification by preparative centrifugal thin layer chromatography
(eluent: CHCL/MeOH 10:2), followed by recrystallization from CHCE/CH3NO- 10:1.
Yield: 178 mg (34.0 %); transition temperatures (°C): Cr 79 Col 106 1s0; C37Hg0Os (601).
'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.35 (d, 2J(H, H) 8.4, 2 H, Ar-H), 7.32 (m, 2 H,
Ar-H), 6.94 (dd, J(H, H) 8.4, “J(H, H) 2.2, 2 H, Ar-H), 4.90 (d, 3J(H, H) 5.1, 1 H, 1 OH),
486 (d, 3JH, H) 49, 1 H, 1 OH), 461 (m, 2 H, 2 OH), 4.02-3.76 (m, 6 H, 2
ArOCH,CHOH), 3.53 (m, 4 H, CH,OH, CH,OH), 2.58 (t, 3J(H, H) 6.8, 2 H, CH»Ar), 2.20
(s, 3 H, CHs), 1.54 (m, 2 H,CF>CH>), 1.21 (m, 32 H, 16 CH>), 0.84 (t, 3J(H, H) 7.0, 3 H,
CHsy).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 156.3 (C4), 156.0 (Cz), 1325 (Cyo), 132.4
(C11), 131.2 (Cy), 128.6 (C13), 127.8 (Cg), 126.6 (C12), 124.8 (Cs, Cis), 112.2 (C14), 111.9
(Cs), 70.3 (C3, Gss), 69.9 (C2, Csg), 63.0 (Cy, Ga7), 31.4 (CHa), 30.0, 29.6, 29.1, 29.0, 28.8,
22.2,16.2 (CHy), 14.0 (Ca3a).
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3-[4¢(2,3-Dihydr oxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor nonyl)-3¢-
methylbiphenyl-4-yloxy]propane-1,2-diol 54-H1Fs

Prepared according to the general procedure .
8.4.3 from 59.8 (0.7 g, 0.9 mmol), 10 % HCI Ho—y_a
(1 mL), EtOH (50 mL). Purification by HO 073
preparative centrifugad thin layer
chromatography (eluent: CHCkL/MeOH: 10:2),
followed recrystallization from CHC.

Yield: 435 mg (68.18 %); transition
temperatures (°C): Cr 97 Col 134 Iso. CygHxOsF13 (708). Anal. Calcd.: C, 74.00, H, 10.00;
Found: C, 74.03, H, 9.93.

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.39 (m, 4 H, Ar-H), 6.95 (m, 2 H, Ar-H), 4.89
(br s, 2 OH), 4.61 (br s, 2 H, 2 OH), 4.02-3.78 (m, 6 H, 2 ArOCH,CHOH), 3.48 (m, 4 H,
CH,0H, CH,0H), 2.73 (t, *J(H, H) 7.30, 2 H, CH»ATr), 2.20 (s, 3 H, CH3), 2.24 (m, 2 H,
CF2CH2), 1.85 (m, 2 H, CHz).

13C-NMR (100 MHz; DMSO-Ds, JHz): d = 156.1 (C,), 155.8 (C1g), 132.4 (Cy0), 132.1
(C13), 129.4 (C11), 128.4 (C1s), 127.8 (Cs), 126.4 (C17), 125.2 (C10), 124.6 (C14), 112.1 (Cs),
111.8 (C16), 70.0 (C3, Cag), 69.7 (Cz, Ca1), 62.7 (C1, Go2), 29.3 (t, 2J(C, F) 21.6, G), 28.9
(C7), 20.2 (Csg), 16.0 (C1s).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -80.77 (overlapped t, 3 F, CFs), -113.52 (m, 2
F, CH.CF,), -122.07 (s, 2 F, CH,CR:CF,), -123.00 (s, 2 F, CRCRCF.CF,), -123.39 (s, 2 F,
CF,CF.CF3), -126.07 (s, 2 F, CF:CF).

3-[4¢(2,3-Dihydroxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor nonyl)-3¢
hexylbiphenyl-4-yloxy]propane-1,2-diol 54-HsFs

Prepared according to the generd
procedure 8.4.3 from 59.9 (0.6 g, 0.7
mmol), 10 % HCI (1 mL), EtOH (50 mL). HO
Purification by preparative centrifugal
thin layer chromatography (eluent:
CHCl;/MeOH  10:2), followed by H4C
recrystallization from CHCb.

Yield: 315 mg (58.01 %); transition
temperatures (°C): Cr 115 (Col 108) Is0; Cz3Hz906F13 (778).

'H-NMR (200 MHz; DMSO-Dg; J/Hz): d = 7.40 (m, 4 H, Ar-H), 6.96 (m, 2 H, Ar-H), 4.89
(t, %J(H, H) 5.7, 2 H, 2 OH), 4.63 (m, 2 H, 2 OH), 4.02-3.77 (m, 6 H, 2 ArOCH,CHOH),
3.49 (M, 4 H, CH,OH, CH,0H), 2.73 (t, 3J(H, H) 7.4, 2 H, CHAr), 2.57 (t, 3J(H, H) 7.2, 2

HO— H
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H, CH»Ar), 2.28 (m, 2 H, CF,CH>), 1.89 (m, 2 H, CH5), 1.55 (m, 2 H, CH,),1.28 (m, 6 H, 3
CH,), 0.81 (t, 3H, 3J(H, H) 7.0, CH3).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 155.9 (C,), 155.8 (C2), 132.5 (C1), 132.1
(C13), 131.1 (C11), 129.4 (C15), 127.8 (Cs), 127.6 (C17), 125.2 (C10), 124.6 (C14), 112.1 (Cs),
112.0 (C16), 70.1, 70.1 (Cs, Cys), 69.7, 69.6 (Co, Cpe), 62.8, 62.7 (C1, Co7), 31.0 (C21), 29.8
(C19), 29.4 (Co, C7), 28.8 (C1g), 28.6 (C20), 22.0 (C21, Cx), 20.1 (Cg), 13.8 (Ca).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -80.76 (overlapped t, 3 F, CFs), -113.56 (m, 2
F, CH.CR), -122.10 (s, 2 F, CF.CFCH>),-123.02 (s, 2 F, CF.CF.CF.CFs), -123.43 (s, 2F,
CF,CF.CF3), -126.12 (s, 2 F, CF.CF).

3-[4¢(2,3-Dihydr oxypropyloxy)-3,3¢bis(1H,1H,2H,2H,3H,3H-per fluor nonyl)biphenyl-
4-yloxy]propane-1,2-diol 54-Fg s

Prepared according to the general procedure
8.6.6 from 5211 (21 g, 2.2 mmol), HO—=' 1 74(1—OH
NMMNO (1 mL, 5.7 mmol of 60 % solution

in water) and osmiumtetroxide (1 mL, 0.004
M solution in tert-butanol) in acetone (25
mL). Purification by recrystalization from
CHCl/MeNO; 5:3.

Yield: 1.3 mg (55.4 %); colorless crystals, mp:147 °C; C3sH306F26 (1054).

'H-NMR (400 MHz; DM SO-Dg; J/Hz): d = 7.40 (dd, 3J(H, H) 8.9, “J(H, H) 2.3, 2 H, Ar-H),
7.37(d, “J(H, H) 2.14, 2 H, Ar-H), 6.97 (m, 2 H, Ar-H), 4.88 (m, 2 H, 2 OH), 4.62 (m, 2 H,
2 OH), 4.01-3.79 (m, 6 H, 2 ArOCH,CHOH), 3.47 (m, 4 H, 2 CH,0OH, CH,0H)), 2.71 (t,
3J(H, H) 7.2, 4 H, 2 CHAr), 2.23 (t, 4 H, 3J(H, H) 7.0, 2 CH,), 1.84 (m, 4 H, 2 CHy).
13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 157.4 (C4, Cx), 137.7 (C12, Cia), 130.7 (Cu,
Cis), 129.2 (Cs, Cyi7), 126.7 (C10, Ci4), 113.6 (Cs, Cyg), 71.5 (C3, Cx), 71.4 (C,, Cx), 71.1
(C1, Coa), 31.0 (Cq, Cy0), 30.8 (C7, Cyg), 21.3 (Cs, C1o).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -81.01 (overlappedt, 6 F, 2 CF3), -113.65 (m, 4
F, 2 CH,CR,), -122.24 (s, 4 F, 2 CRCF,CHy), -123.19 (s, 4 F, 2 CF,CF,CF,CF3), -123.48
(s, 4 F, 2 CF,CF,CR), -126.27 (s, 4 F, 2 CF,CR).

F1:Ce v—CeF13
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3-[4¢(2,3-Dihydroxypr opyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor nonyl)-3¢
dodecylbiphenyl-4-yloxy]propane-1,2-diol 54-H12Fe

Prepared according to the genera procedure
8.6.6 from 5212 (150 g, 0.2 mmol), HOJ%_\ /_Z(l_OH
NMMNO (1 mL, 5.7 mmol of 60 % solution '
in water) and osmiumtetroxide (1 mL, 0.004
M solution in tert-butanol) in acetone (25
mL). Purification by recrystallization from
ethyl acetate/hexane 2:1.

Yield: 902 mg (454 %); mp: 134 °C;
C39H5106F13 (862).

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.39 (m, 4 H, Ar-H), 6.98 (m, 2 H, Ar-H), 4.89
(m, 2H, 2 OH), 4.61 (m, 2 H, 2 OH), 4.02-3.77 (M, 6 H, 2 ArOCH,CHOH), 3.54 (m, 4 H,
2 CH,0H), 2.73 (t, *J(H, H) 7.4, 2 H, CH2Ar), 258 (t, 2 H, 3J(H, H) 7.0, CH.ATr), 2.23 (m,
2 H, CHy), 1.87 (m, 2 H, CH,), 1.56 (m, 2 H, CH,), 1.21 (m, 18 H, 9 CHy), 0.84 (t, 3J(H, H)
6.84, 3H, CH3).

13C-NMR (100 MHz; DM SO-Dg; J/Hz): d = 156.1 (C4, Cx), 132.7 (C12), 132.4 (C13), 131.2
(C11), 129.6 (C15), 128.0 (Cg), 127.8 (C17), 125.5 (C1g), 124.9 (C14), 112.3 (Cs), 112.2 (Cyg),
70.3 (C3), 70.3 (C31), 69.9 (C>), 69.8 (Cx), 63.1 (C1), 63.0 (Cx), 314, 29.9, 29.6, 29.1,
29.1, 29.0, 28.8, 22.2, 20.3 (CHy), 14.0 (CHa).

9F-NMR (188 MHz; DMSO-Ds; J/HZ):d = -80.83 (overlapped t, 3 F, CF3), -113.52 (m, 2
F, CH.CR,), -122.07 (s, 2 F, CH2CH2CF>), -122.99 (s, 2 F, CFsCR.CF,CF,), -123.40 (s, 2
F, CF,CF.CF3), -126.08 (s, 2 F, CFsCF>).

3-[4¢(2,3-Dihydroxypropyloxy)-3,3¢bis(1H,1H,2H,2H,3H,3H-per fluor o
isodecyl)biphenyl-4-yloxy]propane-1,2-diol 54-F; 7

Prepared according to the
general procedure 8.6.6 from ;_Z(—OH
5213 (21 g, 1.9 mmal), .

NMMNO (1 mL, 5.7 mmol of
60 % solution in water) and
osmiumtetroxide (1mL, 0.004
M solution in tert-butanol) in
acetone (25 mL). Purification by preparative centrifugal thin layer chromatography (eluent:
CHCIl;/MeOH 10:1), followed by recrystallization from CHCE/MeNO; 5:3.

Yield: 983 mg (45.1 %); mp:143 °C; CzgH3206F30 (1154).

'H-NMR (200 MHz; DM SO-Dg; J/Hz): d = 7.41 (dd, 3J(H, H) 8.4, *J(H, H) 2.3, 2 H, Ar-H),
7.37 (d, *J(H, H) 2.35, 2 H, Ar-H ), 6.98 (d, 3J(H, H) 8.1, 2 H, Ar-H), 4.89 (bor s, 2 OH),

(CF2)LLCF(CF3),
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461 (br s, 2 H, 2 OH), 4.02-3.78 (m, 6 H, 2 ArOCH,CHOH), 3.48 (m, 4 H, CH,OH,
CH,0H), 2.75 (t, 2J(H, H) 7.4, 4 H, 2 CH»Ar), 2.20 (m, 4 H, 2 CH5), 1.83 (m, 4 H, 2 CHJ).
13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 157.3 (C4, Cx), 133.7 (C12, Ci3), 130.6 (Cua,
Cis), 129.1 (Cs, Cu7), 126.7 (C10, Cra), 113.2 (Cs, Cig), 715 (C3, C), 71.1 (C2, Cx), 64.2
(C1, Cz4), 30.8 (Co, Cx), 30.0 (C7, Cug), 21.2 (Cs, Cio).

F-NMR (188 MHz; DMSO-Ds; J/Hz): d = -68.29 (m, 6 F, 2 CFs), -110.08 (m, 4 F, 2
CH,CF), -111.93 (s, 4 F, 2 CH,CR:CFy), -117.56 (S, 4 F, 2 CHy(CR),CF2), -119.54 (s, 4 F,
2 CHy(CF,);CF»), -182.64 (m, 2 F, 2 CF(CFs),).

8.6.15.5 Synthesis of thebolaamphiphilic p-terphenyl derivatives 58

3-[ 44 (2,3-Dihydr oxypropyloxy)-3,3®bis(1H,1H,2H,2H,3H,3H-per fluor oheptyl)-p-
terphenyl-4-yloxy]propane-1,2-diol 58-F4 4

Prepared according to general
procedure 8.6.6 from 57.1 (0.3 g, 0.4
mmol), NMMNO (1 mL, 58 mmoal,
60 % solution in  water) and
osmiumtetroxide (1 mL, 0.004 M
solution in tert-butanol) in acetone
(25 mL). Purification by
recrystallization from CHCkL/MeOH 10:0.5.

Yield: 101 mg (26.5 %); transition temperatures (°C): Cr 158 Col (L) 165 Iso;

CssH3606F15 (931); And. Calcd.: C, 49.03, H, 3.87; Found: C, 48.82, H, 4.26.

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.66 (m, 4 H, Hp, He, Hi, Hy), 7.51 (m, 4 H, Hg,
He, Hr, Hy), 7.03 (d, 2J(H, H) 8.4, 2 H, H, H;), 492 (d, 2 H, OHa, OHp), 4.63 (m, 2 H,
OHc, OHg), 4.05-3.81(m, 6 H, 2 ArOCH>, 2 CHOH), 3.48 (m, 4 H, 2 CH,OH), 2.78 (t, 3J
(H,H) 7.2, 4H, 2 CH2Ar), 2.31 (m, 4 H, 2 CF,CH)), 1.91 (m, 4 H, 2 CH,CH.CR,).
13C-NMR (100 MHz; DMSO-Dg; J/Hz): d = 158.0 (C4, Cz), 139.7 (C12, Cuo), 133.4 (C13,
Cis), 131.1 (C11, Co1), 129.5 (Cy0, Cp), 128.1 (C16, C17, C4, Cis), 127.1 (Cs,C), 113.7 (Cs,
Cx), 71.5 (C3, Cyg), 71.2 (Cy, Cx), 64.2 (Cy, Cxp). 30.9 (Cg, C), 30.3 (C7, Cu), 21.5 (Cs,
Cx).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -77.35 (overlapped t, 6 F, 2 CF3), -110.88 (m, 4
F, 2 CH,CF,), -119.04 (s, 4 F, 2 CH,CRCF,), -119.99 (s, 4 F, 2 CR(CR,)2CF»), -120.44 (s,
4F, 2 CF2CF2CF3), -123.17 (m, 4F, 2 CF3CF2).
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3-[ 44 (2,3-Dihydr oxypropyloxy)-3,3@bis(1H,1H,2H,2H,3H,3H-per fluor ononyl)-p-
ter phenyl-4-yloxy]propane-1,2-diol 58-Fs_6

Prepared according to the procedure
described for 8.4.3 from60.1 (0.7 g,
0.6 mmol), 10 % HCI (1 mL), EtOH
(50 mL). Purification by
recrystallization from CHCL/MeOH
10:0.5.

Yield: 357 mg (54.6 %); transition

temperatures (°C): Cr 169 Col (L) 185 1s0; Cs2H3606F26 (1130); And. Calad.: C, 44.60, H,
3.18; Found: C, 44.57, H, 3.41.

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.66 (m, 4 H, Hyp, He, Hi, Hy), 7.53 (m, 4 H, Hg,
He Hr, Hg), 7.05 (d, 2 H, 3J(H, H) 8.4, Hy, H)), 4.91 (d, 2 H, OHa, OHp), 4.64 (M, 2 H, OHc,
OHg ), 4.05-3.91 (m, 4 H, 2 ArOCHy), 3.81 (m, 2 H, 2 CHOH), 3.48 (m, 4 H, 2 CH,0H),
2.76 (t, 3J (H, H) 7.6, 4 H, 2 CHAr), 2.32-2.18 (m, 4 H, 2 CF,CH,), 1.91-1.83 (m, 4 H, 2
CH,CH.CR,).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 156.5 (C4, Cy7), 138.3 (C12, Cio), 132.5 (Cis,
Cis), 129.6 (C11, Cp1), 128.1 (C10, Cxp), 126.6 (C16, Ci17, C14, Cis), 125.6 (Cs, Cx3), 112.2 (Cs,
sz), 70.1 (Cs, Czs), 69.7 (Cz, ng), 62.7 (Cl, Cgo), 29.6 (Cg, C26), 28.9 (C7,&:24), 20.1 (Cg,
Cx).

19F NMR (188 MHz; DM SO-Dg; J/Hz): d = -77.13 (overlapped t, 6 F, 2 CF3), -110.00 (m, 4
F, 2 CH.CF,), -118.63 (s, 4 F, 2 CH,CRCR,), -119.56 (s, 4 F, 2 CR;(CR,)2CF,), -119.93 (s,

4 F, 2 CF,CF.CF3), -122.70 (m, 4 F, 2 CF3CFy).

3-[44(2,3-Dihydr oxypropyloxy)-3,3&bis(1H,1H,2H,2H,3H,3H-per fluor oundecyl)-p-
ter phenyl-4-yloxy]propane-1,2-diol 58-Fs s

Prepared according to the
procedure described for 8.4.3 from
60.2 (135 mg, 0.09 mmol), 10 %
HCl (1 mL), EtOH (50 mL).
Purification by recrystalization
from CHCkL/MeOH 10:0.5.

Yield: 78 mg (65.1 %); transition
temperatures (°C): Cr 133 Col (L) 185 Smb 197 1s0; CssH3506F34 (1330).

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.65 (m, 4 H, Hp, He, Hi, Hp), 7.50 (m, 4 H, Hg,
He Hr, Hg), 7.05 (d, 2 H, 3J(H, H) 8.9, Ha, H)), 4.91 (d, 2 H, OHa, OHp), 4.64 (M, 2 H, OHc,
OHg ), 4.02-3.89 (m, 4 H, 2 ArOCHy), 3.81 (m, 2 H, 2 CHOH), 3.48 (m, 4 H, 2 CH,0H),
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2.76 (t, 3J (H, H) 7.3, 4 H, 2 CHAr), 2.32-2.18 (M, 4 H, 2 CF,CHy), 1.91-1.83 (m, 4 H, 2
CH,CH,CR).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 156.2 (C4, Cy), 138.1 (C12, Cig), 1317 (Cas,
Cis), 129.3 (C11, C1), 127.8 (C10, C20), 126.4 (C1s, C17, C14, Cis), 125.4 (Cs, Csa), 112.1 (Cs,
Cz), 70.0 (C3, Cag), 69.7 (C2, Cx), 62.7 (C1, Ca), 29.5 (Co, Co6), 28.7 (C7,624), 20.0 (Csg,
Cx).

19F-NMR (188 MHz; DMSO-Dg; J/HZ): d = -77.04 (overlapped t, 2J(C, F) 10.1, 6 F, 2 CFs),
-109.91 (m, 4 F, 2 CH,CF>), -118.49 (m, 12 F, 2 (CF,)sCF.CH,), -119.33 (m, 4 F, 2
CF3(CR)2CF>), -119.85 (m, 4 F, 2 CF,CF,CF3), -122.59 (m, 4 F, 2 CF3CF>).

3-[ 44 (2,3-Dihydr oxypropyloxy)-3,3®bis(1H,1H,2H,2H,3H,3H-per fluor otridecyl)-p-
ter phenyl-4-yloxy]propane-1,2-diol 58-Fio, 10

Prepared according to the procedure
described for 8.4.3 from 60.3 (72
mg, 0.04 mmol), 10 % HCI (1 mL),
EtOH (50 mL). Purification by
recrystallization from CHCk/MeOH
10:0.5.

Yield: 51 mg (75.0 %); transition

temperatures (°C): Cr 195 Smb 205 1s0; CsoH360sF 42 (1530).

'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.66 (m, 4 H, Hp, He, Hi, Hr), 7.53 (m, 4 H, Hg,
He Hr, Hg), 7.05 (d, 2 H, 3J(H, H) 8.4, Hy, H)), 4.91 (d, 2 H, OHa, OHp), 4.64 (M, 2 H, OHc,
OHg ), 4.05-3.91 (m, 4 H, 2 ArOCH), 3.81 (m, 2 H, 2 CHOH), 3.48 (m, 4 H, 2 CH,0H),
2.76 (t, 33 (H, H) 7.6, 4 H, 2 CHAr), 2.32-2.18 (m, 4 H, 2 CF,CH,), 1.91-1.83 (m, 4 H, 2
CH,CH, CR).

13C-NMR (100 MHz; DMSO-Ds; J/Hz): d = 156.5 (C4, Cy), 138.3 (C12, Cig), 132.5 (Cas,
Cig), 129.6 (C11, Cp1), 128.1 (C10, C20), 126.6 (C16, C17, C14, Ci5), 125.6 (Cs, Cz3), 112.2 (Cs,
Cx), 70.1 (C3, Ca), 69.7 (Co, Cn), 62.7 (C1, Cx0), 29.6 (Co, Cz), 28.9 (C7,624), 20.1 (Cs,
C25).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -78.30 (overlapped t, 2J(C, F) 10.1, 6 F, 2 CFs),
-110.72 (m, 4 F, 2 CH,CFy), -119.09 (s, 20 F, 2 CH,CR(CF.)s), -120.10 (s, 4 F, 2
CF3CF,CF5CFy), -120.34 (s, 4 F, 2 CF,CF,CFs), -123.56 (m, 4 F, 2 CF3CF>).
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3-[44(2,3-Dihydr oxypropyloxy)-2,2e@bis(1H,1H,2H,2H,3H,3H-per fluor ononyl)-p-
terphenyl-4-yloxy]propane-1,2-diol 58¢Fs 6

Prepared according to the genera
procedure 8.6.6 from 57.2 (0.7 g, | HO—=
0.6 mmol), NMMNO (1 mL, 5.7
mmol of 60 % solution in water)
and osmiumtetroxide (1 mL, 0.004
M solution in tert-butanol) in
acetone (25 mL). Purification by
recrystallization from CHCL/MeNO; 5:3.

Yield: 231 mg (32.9 %); transition temperatures (°C): Cr; 122 Crp, 142 Cub 160 Iso;
CxH3606F2 (1131). Anal. Calcd.: C, 44.60, H, 3.18; Found: C, 43.93, H, 3.67.

'H-NMR (400 MHz; DMSO-Ds; J/Hz): d = 7.25 (m, 4 H, Hg, He, Hr, Hy), 7.10 (d, 3J(H, H)
8.4, 2 H, He, Hr), 6.89 (M, 2 H, Hp, Hi), 6.83 (dd, 2J(H, H) 8.4, “J(H, H) 2.4, 2 H, Hy, H),
4.91 (d, *J(H, H) 5.1, 2 H, OHa, OHp), 4.64 (t, 3J(H, H) 5.5, 2 H, OHg, OHc), 4.02-3.77 (m,
6 H, 2 ArOCH,, 2 CHOH), 3.44 (m, 4 H, 2 CH,0H), 2.86 (t, J(H, H) 7.6, 4 H, 2 ArCHy),
1.95(m, 4 H, 2 CH,), 1.60 (m, 4 H, 2 CHy).

13C-NMR (100 MHz; DMSO-D¢; J/HZ): d = 158.6 (Cs, Cx), 139.8 (C1, Cig), 139.7
(C13,Cis), 133.8 (Cg, C21), 131.2 (C7, Cpo), 129.2 (C14, Cis, Cis, C17), 115.8 (Cs, Cps), 112.6
(Cs, Cgs), 70.2 (Cg, Cpg), 69.8 (Cy, Cypo), 63.0 (Cy, Cx), 31.9 (Cyg, Cp2), 29.5 (C11, Cn), 21.04
(C10,C2).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.77 (overlapped t, 3 F, CFs), -110.86 (m, 2
F, CH.CF,), -119.04 (m, 2 F, CH,CF,CF>), -119.99 (s, 2 F, CRCF,CF,CF>), -120.44 (s, 2
F, CF2CF2CF3), -123.17 (m, 2 F, CF3CF2).

3-[44¢(2,3-Dihydr oxypropyloxy)-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)-36
nonyl-p-ter phenyl-4-yloxy]propane-1,2-diol 58-HqFs
Prepared according to the

general procedure 8.6.6 from HONw s 2 w0 w10 s 52/ OH
78 (15g, 1.8 mmol), _>_\ 5 . /_(_O

NMMNO (1 mL, 5.7 mmol
of 60 % solution in water)
and osmiumtetroxid (1mL of
a0.004 M solution in tert-
butanol) in acetone (25 mL). Purification by preparative centrifugal thin layer
chromatography (CHCL), followed by recrystallization from CHCk/MeNO- 5:3.

Yield: 201 mg (12.6 %); transition temperatures (°C): Cr 144 Col (L) 150 1s0; Cs2H4906F13
(897).

107



'H-NMR (400 MHz; DMSO-Dg; J/Hz): d = 7.65 (m, 4 H, Ar-H), 7.53-7.44 (m, 4 H, Ar-H),
6.99-7.05 (m, 2 H, Ar-H), 4.90 (m, 2 H, OHa, OHp), 4.63 (m, 2 H, OHg, OHc), 4.05-3.79
(m, 6 H, 2 A rOCHj, 2 CHOH), 3.49-3.44 (m, 4 H, 2 CH,OH), 2.78 (t, 3J(H, H) 7.6, 2 H,
ArCHy>), 2.62 (t, 3J(H, H) 7.6, 2 H, ArCH,), 2.31-2.21 (m, 2 H, CH,), 1.87 (m, 2 H, CHy),
1.57 (m, 2 H, CH,), 1.26 (m, 12 H, 6 CHy), 0.83 (t, *J(H, H) 6.6, 3 H, CHs).

13C-NMR (100 MHz; DM SO-Dg; J/Hz): d = 156.5 (C4, Cx), 138.5 (C12), 138.2 (C19), 131.9
(C13), 131.7 (C1g), 131.2 (Cy1), 129.6 (C20), 128.1 (Cyo). 127.8 (C21), 126.6 (C14, Cis, Cis,
C17), 125.6 (Cg) 125.0 (Cg), 112.2 (Cs), 112.1 (Cx), 70.1 (C3), 70.0 (Css), 69.7 (Cy),
69.6(C3s), 62.8 (C1), 62.7 (Cs6), 31.2 (C7, C2s), 29.5 (Co), 28.9, 28.8, 28.6, 22.0, 20.1, (CHy),
13.8 (C3y).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -80.71 (overlapped t, 3 F, CFs), -113.44 (m, 2
F, CH,CR), -122.03 (m, 2 F, CH,CF.CF>), -122.94 (s, 2 F, CRCR.CF,CF>), -123.31 (s, 2
F, CF2CF2CF3), -126.03 (m, 2 F, CF3CF2).

8.6.15.6 Synthesis of thebolaamphiphilictriol derivatives 71

Hydrogenolysis of benzyl groups - general procedure 8.6.15.6: The appropriate 3-(4¢
benzyloxybiphenyl-4-yloxy)propane-1,2-diol (1.0 mmol), was dissolved in ethyl acetate (50
mL), palladium on carbon (0.03 g) was added, and the solution was shaken in a hydrogen
atmosphere at ambient pressure at RT for 36 h (TLC). The mixture was filtered over a silica
bed. The residue was carefully washed twice with ethyl acetate (50 mL), and the solvent
was evaporated in vacuum. The product was purified by recrystallization.

3-(4¢-Hydr oxy-3-tetr adecylbiphenyl-4-yloxy)propane-1,2-diol 71-Hi4
Prepared according to the general procedure 8.6.15.6
from 70H.3 (330 mg, 0.60 mmol), Pd-C (0.01 g). H Hdeu Ha }—OHg
Purification by recrystallization from hexanelethyl | .no- 5 OHA
acetate 2:1.

Yield: 106 mg (38.7 %); mp: 115 °C; CygH404 (456).
Anal. Calcd.: C, 76.3, H, 9.65; Found: C, 76.41, H, 9.67.
'H-NMR (200 MHz; DM SO-Dg; J/Hz): d = 9.40 (br s, 1H, OHc), 7.39 (d, 2 H, J(H, H) 8.6,
Ha, He), 7.35-7.28 (m, 2 H, Hy, Hc), 6.94 (d, 1H, 3J(H, H) 8.4, Hy), 6.78 (d, 3J(H, H) 8.6, 2
H, H, Hy), 486 (br s, 1 H, OHs), 461(br s, 1 H, OHg), 3.98-386 (m, 3 H,
ArOCH,CHOH), 3.48 (m, 2 H, CH,0H), 2.56 (t, 3J(H, H) 7.2, 2 H, CH2Ar), 1.54 (m, 2 H,
CHy), 1.36 (m, 22 H, 11 CH>), 0.84 (t, 3J(H, H) 7.03, 3 H, CHs).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 156.6 (C.), 155.7 (Cx), 132.5 (Cx), 131.2
(C24), 131.0 (C22), 127.5 (C21), 127.3 (Czs, C26), 124.4 (Cs), 115.7 (C27, Czg), 112.0 (Cs),
70.1(C3), 69.6 (C>), 62.8 (C1), 31.2, 29.7, 29.4, 29.0, 28.8, 28.6, 22.0 (CH,), 13.8 (CH3).

Hg H Hc C14"'29
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3-[4¢Hydroxy-3-(1H,1H,2H,2H,3H,3H-per fluor ononyl)biphenyl-4-yloxy] pr opane-
1,2-diol 71-Fs

Prepared according to the general procedure
8.6.15.6 from 70F.1 (0.70 g, 1.0 mmoal), Pd-C (0.03
g). The Purification by recrystallization from
CHCIz/MeOH 20:3.

Yield: 290 g (47.7 %); transition temperatures (°C):
Cr 99 Colp 125 1s0; Cy4H2104F13 (619). And.
Calad.:C, 46.45, H, 3.39; Found: C, 46.30, H, 3.92.

'H-NMR (200 MHz; DMSO-Ds; J/Hz): d = 9.38 (s, 1 H, OHc), 7.42 (d, 2 H, 3J(H, H) 8.6,
Ha, He), 7.35-7.28 (m, 2 H, Hc, Hp), 6.94 (d, 1H, 3J(H, H) 9.2, Hy), 6.81 (d, 3J(H, H) 8.6, 2
H, Hr, Hy), 4.8 (or s, 1 H, OHa), 4.6 br s, 2 H, OHg), 402 (m, 5 H, ArOCH,CHOH,
CH,0), 2.71 (t, 3J(H, H) 7.0, 2 H, CH,Ar), 2.26 (m, 2 H,CF.CH,), 1.83-1.21 (m, 2 H,
CHy).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 152.5 (C,), 1515 (C1g), 128.5 (C13), 126.8
(C12), 125.7 (Cy0), 123.5 (Cy1), 123.2 (Cy4, C15), 120.9 (Cg), 111.5 (Cy6, Ci7), 118.0 (Cs),
65.9 (C3), 65.5 (C>), 58.6 (C1), 25.4 (t, Co), 24.7 (C7), 16.0 (Cg).

19F-NMR (188 MHz; DMSO-Dg; J/Hz)d = -77.15 (overlapped t, 3 F, CF3), -109.98 (m, 2 F,
CH,CF,), -118.61 (s, 2 F, CH,CF,CF,), 119.54 (s, 2 F, CFsCF.CF.CFy), -119.91 (s, 2 F,
CF,CF,CF3), -122.63 (m, 2 F, CF3CF).

3-[4¢Hydroxy-3-(1H,1H,2H,2H,3H,3H-per fluor oundecyl)-biphenyl-4-yloxy] pr opane-
1,2-diol 71-Fg

Prepared according to the general procedure 8.6.15.6
from 70F.2 (1.5 g, 1.0 mmol) , Pd-C (0.03 g). —OH
Purification by recrystallization from CHCk/MeOH
20:3.

Yield: 1.0 g (77.4 %); transition temperatures (°C):
Cr 118 Cal (L) 139 Iso; CoH2104F17 (720). Andl.
Calad.:C, 43.40, H, 2.92; Found: C, 43.30, H, 3.26.
'H-NMR (400MHz; DMSO-Dg; J/Hz): d = 9.37 (s, 1 H, OHc), 7.39 (d, 2 H, 3J(H, H) 8.6,
Ha, He), 7.35 (M, 2 H, Hc Hy), 6.97 (d, 2J(H, H) 8.8, 1 H, H,), 6.80 (d, 2J(H, H) 8.6, H;, Hy),
4.86 (d, J(H, H) 5.19, 1 H, OHp), 459 (m, 1 H, OHg), 4.02-3.78 (m, 3 H, ArCH>0OCH),
3.48 (m, 2 H, CH,OH), 2.70 (t, 2 H, 3J(H, H) 7.5, CH»Ar), 2.49 (2 H, CH,CF»), 1.97 (m, 2
H, CH,CH,CF,).

13C-NMR (100 MHz; DMSO-Ds; JHz): d = 156.4 (C4), 155.5 (C1g), 1325 (C13), 130.8
(C12), 129.2 (Cy11), 127.5 (Cyp), 127.1 (Ci14 Ci5), 124.9 (Cg), 115.5 (C16, C17), 111.99 (Cs),
70.01 (C3), 69.61 (C,), 62.71 (C4), 31.68 (Co), 28.91 (C7), 20.18 (Cg).

CeF 17
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19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -77.27 (overlapped t, 3 F, CF3), -110.14 (m, 2
F, CH2CF2), -118.65 (m, 6 F, CH2CF2(CF2)3), -119.48 (m, 2 F, CF3(CF2)2CF2), -119.97 (m,
2 F, CF2CF2CF3), -122.77 (m, 2 F, CF3CF2).

3-[4¢Hydroxy-3-(1H,1H,2H,2H,3H,3H-per fluor otridecyl)biphenyl-4-yloxy]
propane-1,2-diol 71-Fig
Prepared according to the general procedure 8.6.15.6

from 70F.3 (20 g, 22 mmol), Pd-C (0.06 g). . /_(_OH
Purification by recrystallization from hexane/ethyl
acetate 2:3.

Yield: 1.1 g (62.8 %); transition temperatures (°C): Cr
135 Col (L) 151 Smb 154 SmA 156 1s0; CogH210O4F21

ClOFZL

(820). Anal. Calcd..C, 40.97, H, 2.56; Found: C, 40.83, H, 2.99.

'H-NMR (400 MHz; DMSO-Ds; J/Hz): d = 9.36 (s, 1 H, OHc), 7.33 (d, 3J(H, H) 8.6, 2 H,
Ha, He), 7.28 (M, 2 H, Hc Hy), 6.91 (d, 3J(H, H) 8.4, 1 H, Hy), 6.77 (d, 2J(H, H) 8.6, 2 H, H,
Hg), 4.84 (br s, 1 H, OHa), 4.58 (M, 1 H, OHg), 3.76-3.49 (m, 3 H, ArCH,OCH) ), 3.46 (m,
2 H, CH0H), 2.60 (t, 2 H, 3J(H, H) 7.2, CH.Ar), 2.08 (2 H, CH,CF>), 1.75 (m, 2 H,
CH,CH,CFR).

13C-NMR (100 MHz; DMSO-Ds, JHz): d = 156.6 (C4), 155.6 (C1g), 132.7 (Ci3), 131.1
(C12), 129.4 (C11), 127.4 (C10), 127.3 (C14, Ci5), 125.1 (Cg), 115.6 (C16, C17), 112.1 (Cs),
70.0 (C3), 69.5 (C»), 62.7 (Cy1), 29.8 (C7), 20.1 (Cg).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -82.46 (overlapped t, 3 F, CFs), -114.40 (m, 2
F, CH,CF>), -122.74 (m, 12 F, CH,CF»(CF)e), -123.91 (m, 2 F, CF,CF,CFs), -127.32 (m, 2
F, CF.CFs).

3-[4¢Hydroxy-3-(1H,1H,2H,2H,3H,3H-per fluor opentadecyl)biphenyl-4-yloxy]
propane-1,2-diol 71-F1,

Prepared according to the general procedure 8.6.15.6
from 70F.3 (0.3 g, 0.30 mmoal) , Pd-C (0.01 g),
Purification by preparative centrifugal thin layer
chromatography  (eluent: CHCL/CH;OH  10:2),
followed by recrystallization from hexane/ethyl
acetate 2:3.

Yield: 75 mg (27.6 %); transition temperatures

(°C): Cr 154 [Smb 142] SmA 188 150; CzgH21O4F 25 (920).

'H-NMR (400 MHz; DMSO-Ds; J/Hz): d = 9.32 (s, 1 H, OHc), 7.25 (d, 3J(H, H) 8.6, 2 H,
Ha, He), 7.28 (M, 2 H, Hc Hy), 6.86 (d, 2J(H, H) 8.6, 1 H, Hy), 6.74 (d, 3J(H, H) 8.4, 2 H, H;,
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Hg), 4.81 (M,1 H, OHa), 4.55 (m, 1 H,. OHg), 3.94-3.75 (m, 3 H, ArCH,OCH) ), 3.46 (m, 2
H, CH,OH), 2.56 (m, 2 H, CH2Ar), 2.02 (2 H, CH2CF>), 1.69 (m, 2 H, CH2CH2CF>).
13C-NMR (100 MHz; DMSO-Dg): d = 156.6 (C4), 155.5 (C1g), 132.7 (C13), 1310 (C1),
129.4 (C11), 127.2 (C10), 127.1 (C14, Ci5), 125.0 (Cg), 115.6 (C16, C17), 112.0 (Cs), 70.0 (Cs),
69.4 (C>), 62.7 (C1), 29.8 (C7), 20.0 (Cs).

19F-NMR (188 MHz; DMSO-Dg; J/Hz): d = -83.19 (overlapped t, 3 F, CFs), -114.76 (m, 2
F, CHzCFz), -123.03 (m, 16 F, CH2CF2(CF2)8), -124.18 (m, 2 F, CF2CF2CF3), -127.88 (m, 2
F, CF,CFs).
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Zusammenfassung

Im Rahmen dieser Arbeit wurden insgesamt 4 verschiedene Klassen von unkonventionellen
Flissigkristallen mit perfluorierten Ketten synthetisiert. Die Polymorphie der neu
synthetisierten Verbindungen wurde polarisationsmikroskopisch, differentialkalorimetrisch
und réntgenographisch untersucht. Die Synthese der Verbindungen erfolgte stets tber eine
palladiumkatalysierte radikalische Addition von Perfluoalkyliodiden an Alkene und
palladiumkatalysierte Kreuzkupplungsreaktion zum Aufbau der aromatischen Grundkérper.

A: Be amphiphilen Benzoylaminopropan-2,3-diolderivaten bewirkt der Austausch von
Alkylketten durch semifluorierte Ketten eine signifikante Stabilisierung der Mesophasen
und eine Herabsetzung der Schmelzpunkte. Dies sollte im Wesentlichen das Resultat der
VergrofRerung des intramolekularen Polaritétskontrastes sein. Bel VergrofRerung der Anzahl
der lipophilen Ketten dieser Molekiile wurde ein Ubergang von einer smektischen, ber
hexagula kolumnare Phasen zu einer mizellar kubischen thermotropen Mesophase
beobachtet. Wie bei den analogen Kolhenwasserstoffderivaten bestimmt der Betrag der
Krimmung der polar-apolar-Grenzflache ganz wesentlich den beobachteten Phasentyp.

T-1Fg/4: R = (CH2)4C6F13, R,= Rs=H: Cr79 SmA 223 Iso
7-2F6/4: Ri= Ry = (CH2)4C6F13, Rs=H: Cr 86 CUb|2 208 Iso
7-3Fg4: Ri= R =Rs= (CH2)4C6F13: Cr 59 CUb|2 188 Iso

7-3F74 Ri=R=R= (CH2)4(CF2)4CF(CF3)2: Cr <20 Cuby,» 193 Iso

Auf Grund des grofReren Querschnitts der perfluorierten Segmente, reichen bei den
fluorierten Verbindungen jedoch bereits zwei semifluorierte Ketten aus, um eine mizellar
kubische Phase zu induzieren.

Alle mizellar kubischen Phasen (Cub;;) weisen die Raumgruppe Pm3n auf. Bei den
zweikettigen semifluorierten Verbindungen handelt es sich um die ersten zwelkettigen
Amphiphile, die diesen Mesophasentyp ausbilden konnen. Gleichzeitig sind sie die ersten
perfluorierten Verbindungen mit thermotropen mizellar kubischen Mesophasen.

Bikontinuierlich kubische Phasen kdnnen in bindren Mischungen zwischen einkettigen und
zwel- oder dreikettigen semifluorierten Verbindungen induziert werden. Ungewdhnlich, und
bei den entsprechenden Kohlenwasserstoffenderivaten noch nicht beobachtet, ist der Verlust
der induzierten Cuby,-Phase bei Temperaturverringerung, was in bestimmten
Konzentrationsbereichen zu den ungewohnlichen thermotropen Phasensequenzen Coln—
Cuby,-Colhz bzw. SmA-Cuby,-SmA fihrt (re-entrant einer kolumnaren bzw. smektischen
Phase).



B: Amphiphile Biphenylderivate mit einer oder zwei semifluorierten Ketten bilden
verschiedene Schichtstrukturen (SmA, SmC) und verschiedene kolumnare Phasen aus.

Oy,

16- 1F6/4 Rl (CH2)406F13 R2 H: Cr 147 CO|X1 152 CO'ngmC 158 SmA 219 Iso

16-1Fg10: R = (CH2)10C6F13 R,=H: Cr 149 (CO'X]_ 148) Colx 168 SmA 203 Iso

16-2F¢/4: Ri= R = (CH2)4C6F13: Cr <20 Caol 145 Iso
Die Einfuhrung der perfluorierten Segmente in die lipophilen Ketten dieser
Biphenylderivate bewirkt zwar eine Veranderung im Detail, zeigt aber keine dramatischen
Effekte.

C: Mittels der Pentaerythritoltetrabenzoate mit semifluorierten Ketten ist es uns erstmals
gelungen, alle Grundtypen flussigkristalliner Phasen (smektisch, kolumnar, bikontinuierlich
kubisch und mizellar kubisch) ohne die klassischen Konzepte von Rigiditét,
Formanisotropie und ausgepragter Amphiphilie zu redisieren. Dald die fluorierten
Verbindungen 27-1F® 27-3F generell eine hthere Mesophasenstabilitét aufweisen als die
verwandten Kohlenwasserstoffe, sollte wiederum hauptséachlich durch den vergrof3erten
intramolekularen Polaritatskontrast der inkompatiblen Molekilsegmente begrindet sein.

R2 120

ey R

DO = @
23 O\O . ﬂcuhﬂ‘wk Col ,',j-

|| Pman

27-1Fg/2: Ro= Ry= H, Ry = (CH,)4CeF13: Cr 59 SmA 88  Iso 27-1Fe/a 27-3Fe/4
27-2Fg/4: Ry = Ry = (CHy)4CsF13, R3= H: Cr 88 Cuby; 131 Iso0

27-3Fg/4: Ri= Ro= Rg= (CH2)4CsF13:  Cr 36 Cubj; 21010

Der groRere Querschnitt fluorierter Alkylketten sollte fur den Ubergang von einer
kolumnaren zu einer mizellar kubischen Phase bel Ersatz der Alkylketten durch
semifluorierte Ketten verantwortlich sein. Diese sternférmigen Blockmolekile kdnnen as
niedermolekulare Analoge der entsprechenden Blockcopolymere und ,core-shell”-
Dendrimere angesehen werden. Sie vermitteln somit einen Ubergang zwischen zwel
wichtigen, zur Ausbildung geordneter fluider Phasen befdhigten Systemen, den
Blockcopolymeren und den klassische Amphiphilen.

D: Durch den Einbau von semifluorierten Ketten oder perfluorierten Ketten in die laterale
Position rigider Bolaamphiphile wurden ganz unterschiedliche Mesophasen realisiert. Diese
Molekile bestehen aus drei miteinander inkompatiblen Segmenten: den rigiden Biphenyl-



bzw. Terphenyleinheiten, zwei polaren, zur Wasserstoffbriickenbindung beféhigten
terminalen Gruppen und ein oder zwei semifluorierten Ketten in lateraler Position.

HO_>_\ /_QOH Ho_>_\ /_(_O " /_(_O ’
2 3 3 2 27T 3"
Ry Ry R

53-H,, 53-F, 58-Fqn 71-F,
R = (CH) nlCrFan+1 R1 = Re = (CH2)3CFonss R = (CH)3ChFonst
m=0,3;n=0,3,4,6,7,8, 10 n=4 8,10 n=6,8, 10, 12

5 i 0, W :‘__:_ - - Ii@hﬁ"’.f
;;> :iiﬁﬁfﬁﬁﬁﬁiiﬁsigg;;£§$2$

A ©5 0 (s -
SmA Col, (c2mm)  Col; (p4mm) Col; (p299) Coalp (p6mm)
53-Ho 53-F3 53¢-F, 53-F4 53-F,
(m=n=0) (Mm=3n=3)  (Mm=3n=4 (Mm=3,n=4) (M=3,n=6-8)

AN £ S o
D S D s n)

- - .
Colr (p2mg) Lsm [Colr] Lsm [Col(] Ln [Smb] Liso [SMA]
53-Fio(m =3, n = 10) 58-Fyn (N = 4, 6, 8) 58-Fnn (N = 8, 10) 71-F,
71-F, (n=8, 10) 71-F, (n1=8,10)  (m=3,n=10,12)

Abb. 5.16 Mesophasenmor phologien der rigiden Bolaamphiphile mit lateralen
semifluorierten Ketten.

Bolaamphiphile ohne laterale Ketten bilden extrem stabile smektische Phase mit
Monolayerstruktur aus. Bolaamphiphile Tetraole des Types 53-F, (Biphenylderivate) mit
einer semifluorierten lateralen Ketten in Position 3 weisen demgegentiber kolumnare
Mesophasen auf. Die Organisation der Molektile in den kolumnaren Phasen kann wie folgt
erklart werden: Die Separation der lipophilen lateralen Gruppen von den rigiden
Biphenyleinheiten und den polaren Diolgruppen fuhrt zur Aushildung von Regionen, in
denen diese lateralen Gruppen konzentriert sind. Diese haben die Gestalt von Zylindern,
und werden von den rigiden Biphenyleinheiten umgeben. Die Netzwerke der
Wasserstoffbrickenbindungen ~ zwischen  den Diolgruppen  verknupfen  die
Biphenyleinheiten miteinander, so dal3 diese geschlossene Zylinder um diese lipophilen
Regionen ausbilden. Der Raumbedarf der lipophilen Ketten in Bezug auf die Gréle der
rigiden Segmente legt die exakte Form der Zylinder und folglich die Art der kolumnaren
Mesophase fest. Molekile mit relativ kurzen lateraen Ketten bilden rechtwinklig



kolumnare Phasen Col) mit einen c2mm-Gitter aus (s. Abb. 15.6). Bei schrittweiser
Verlangerung wird diese durch eine Col,-Phase mit p2gg-Gitter und schliefdlich durch eine
hexagona kolumnare Phase ersetzt. Somit resultiert bei Verlangerung der lateralen Kette
die Phasensequenz Col, (c2mm) - Col,(p2gg) - Coln(p6mm). Das Tetraol 53-F1p mit der
langsten semifluorierten Kette weist eine rechtwinklig kolumnare Phase mit einem p2mg-
Gitter auf. FUr diese kolumnare Phase wird das Modell einer wellenférmig deformierten
Schichtstruktur vorgeschlagen (s. Abb.15.6).

Die Position der lateralen Kette am rigiden Mittelteil hat offenbar wenige Einflu® auf die
Art der Mesophase. Nur in einem Fal (53¢F;) findet man fir eine in 2-Position
substituierte Verbindung eine tetragonal kolumnare Phase Col (p4mm) anstatt der
rechtwinklig kolumnaren Phase (p2gg) der isomeren 3-substituierten Verbindung.

Die Einfuhrung von lipophilen Spacern zwischen rigidem Kern und einer oder beiden
Kopfgruppen fihrte zu einer Destabiliserung der Mesophasen. Gleichzeitig werden
hexagonale Mesophasen durch rechtwinklige oder tetragonale Mesophasen ersetzt, d.h. der
Effekt der Verlangerung des Spacers ist entgegengesetzt zu dem Einflul? der Verléangerung
der lateralen Kette.

Unkonventionelle Schichtstrukturen, in denen die rigiden calamitischen Einheiten parallel
zur Schichtebene angeordnet sind, wurden fir die Terphenylderivate 58-Fgg and 58-F10,10
mit zwel lateralen Ketten und die Triole 71-F1p und 71-F12 mit jeweils einer langen lateralen
Kette gefunden. Drel verschiedene Typen derartiger Mesophasen wurden in Abhangigkeit
von der Lange der lateralen Kette und der Temperatur beobachtet. Bel niedriger Temperatur
(kurze Kettenldnge) findet man eine Mesophase mit einer fir kolumnare Phasen typischen
Textur [Col (L) ]. Gefolgt wird diese von einer biaxial smektischen Phase (Smb) und einer
uniaxial smektischen Phase (SmA). Fir diese drei Mesophasen werden Schichtstrukturen
vorgeschlagen, in denen die Schichten der Uber Wasserstoffbriicken verknipfen
aromatischen Segmente durch die Schichten der fluiden semifluorierten lateralen Ketten
separiert sind, wobei die aromatischen Molekilteile parallel zu den Schichtebenen
angeordnet sind. Dabei konnen die aromatischen Segmente in diesen Schichten eine
Positions- und/oder Orientierungsfernordnung aufweisen (2D-smektisch), lediglich eine
Orientierungsfernordnung besitzen (2D nematisch) oder ungeordnet sein (2D isotrop).
(s. Abb.15.6). Die Cal (L)-Phasen sollten positions— und/oder orientierungsferngeordnete
3D-Organisationen 2D-smektischer Lamellen darstellen. Die biaxial smektische Phase
sollte einer Paralelorganisation 2D-nematischer Schichten und die uniaxial smektische
Phase der Organisation 2D-isotroper Schichten entsprechen. Zusétzlich wurde ein kubische
Phase flr eines der Terphenylderivate gefunden.

Insgesamt fuhrt die sukzessive VergrofRerung des Volumens der lateralen Ketten in Bezug
zur Lange der rigiden bolaamphiphilen Segmente zu einem Ubergang zwischen zwel



unterschiedlichen  Schichtstrukturen, d.h. von konventionellen smektischen Phasen, in
denen die rigiden Segmente senkrecht zu den Schichten ausgerichtet sind zu neuen
unkonventionellen Schichtstrukturen in denen sie paralel zu den Schichten liegen.
Kolumnare Mesophasen und wellenformig deformierte Schichtstrukturen werden am
Ubergang zwischen diesen zwei Arten von Schichtstrukturen als intermedidre Phasen
gefunden (Abbidung 5.16).

Somit stellen Bolaamphiphile mit lateralen lipophilen Ketten eine neuartige Klasse
thermotrop fllssigkristalliner Materialen dar. Die komplexen supramolekularen Strukturen
diessr Mesophasen weisen eine Analogie zu den Morphologieen von Stern-
Dreiblockcopolymeren auf. Die kompetitive Kombination von Rigiditdt und
Mikrosegregation ist aso ein erfolgreiches Konzept, welches bei niedermolekularen
Amphiphilen zu neuen und komplexen fllssigkristallinen Phasen fuhrt.

Allgemein  kann man sagen, da3 semifluorierte Ketten in ganz verschiedene
Substanzklassen die Ausbildung von flUssigkristallinen Phasen beginstigen. Diese
Mesophasenstabiliserung ist zu einem wesentlichen Tell auf die Erhohung des
intramolekularen Polaritétskontrastes zurtickzufihren. Der Mesophasentyp wird ganz
wesentlich durch den Raumbedarf der Perfluoralkylketten bestimmt.
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