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By Daniel Jackson

A rich variety of symmetric and non-symmetric liquid crystal dimers have been synthesised
and studied in order to investigate their structure property relations; in particular their
flexoelectric properties.

The project is introduced in Chapters 1 and 2 where Chapter 1 gives a brief general
background to liquid crystals and liquid crystal synthesis, and Chapter 2 gives a more detailed
background to the flexoelectric effect.

The research can be broadly divided into two parts. Chapters 3 and 4 focus on seven
conventional non-symmetric liquid crystal dimer series containing two mesogenic groups
ether linked through a flexible spacer. These non-symmetric dimers all contain a
cyanobiphenyl mesogenic group at one end and either a poly-fluorinated biphenyl or a
phenyl-cyclohexyl-alkane mesogenic group at the other. Almost all these materials possess
nematic phases (and in one series a smectic phase) and show strong flexoelectric coupling to
an applied field with some experiments yielding very large values for the flexoelastic ratio.
Chapter 5 focuses on two series of bent core liquid crystal dimers, where the long chain
spacer is divided by a catechol or resorcinol based disruptor group. The disruptor is located in
the centre of the molecule and symmetric cyanobiphenyl mesogenic groups are at each end.
These materials show a curious odd-even effect in the nematic-isotropic transition
temperatures which is further investigated in Chapter 6 by reducing the symmetry of the
compounds and studying the changes in the transitional properties. This was achieved in one
series by changing the relative position of the catechol linking group along the spacer chain
or, in a different series, by altering one of the mesogenic end groups to a di-fluorinated
biphenyl (a mesogenic moiety studied in Chapter 3).

The liquid crystal properties were investigated by optical microscopy, differential scanning
calorimetry and deuterium NMR spectroscopy. The flexoelastic ratios were determined from

the dependence of the tilt in the optic axis on an applied electric field.
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Chapter 5

Examining cyanobiphenyl dimers with a kink in the spacer

OK, SO YOU FINISHED A
PARAGRAPU, HOW'S

TAKE SOME TIME
TO APPRECIATE
MY RARE MOMENTS

"Piled Higher and Deeper" by Jorge Cham
www.phdcomics.com Used with permission
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5. Examining cyanobiphenyl dimers with a kink in the spacer

5.1. Introduction

With the knowledge that large switching angles and switching speeds could be obtained
from conventional dimers such as those discussed in Chapters 3 and 4, our early design
strategy for maximising the flexoelastic ratio focused more heavily on manipulating the
shape of the materials through insertion of new chemical groups. Rather than subtly
altering the chemical characteristics (i.e. changing the mesogenic moieties) resulting in
an alteration in the order and the conformational distribution, the overall shape of the
molecule was altered through the use of a small aromatic unit in the middle of the chain.
The effect was to create a small or moderate angular kink in the molecule which was
intended to increase the number of bent conformers in the nematic phase and reduce the

melting point. The greater number of bent conformers should increase the average

flexoelectric coefficients, €, and possibly reduce the elastic constant, K. Such materials

would be advantageous for use in display devices. There is also the possibility that the

new group could kink the dimer too much resulting in an increase in K and Ae.

5.1.1. Symmetric cyanobiphenyl dimers

It is known that reducing the molecular linearity of the liquid crystal destabilises liquid
crystalline phase.! Therefore distorting the shape of a dimer, making the molecule less
linear, is expected to destabilise the liquid crystal phase.

The cyanobiphenyl group was selected as the mesogenic group of choice for a number of
reasons. Primarily the group has been shown to stabilise nematic phases due to its shape
and large longitudinal dipole. Groups like the Schiff-base moieties were avoided because
they are prone to hydrolyse® and the lower melting dimers tend to give smectic phases® at
low temperatures. Equally, at this stage, fluorinated groups such as those described in
Chapter 3 were not used as they were not sufficiently mesogenic. Although terphenyl
groups are known to stabilise the nematic phase they also tend to raise the melting points
making flexoelastic ratios practically difficult to measure or use in a final device.” The
cyanobiphenyl group, also used in other flexoelectric dimers, comes from a readily

available precursor and is known to give large flexoelastic ratios in conventional dimers.’
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It is also the consistent component in all the non-symmetric dimers reported in this Thesis
making the cyanobiphenyl moiety the best candidate for use in flexo-studies of mesogens

with this molecular architecture.
5.1.2. The use of disruptors in polymeric systems

It is well-known in polymer compounds that substituted aromatics can be used to lower
the melting point by disrupting the molecular shape of the polymer.®” If the introduction
of a disruptor significantly unfavourably alters the length-to-breadth ratio of the molecule
the result is expected to also reduce the mesophasic properties of the system. With a large
nematic range, however, it is intended that the cost in a sacrificial loss of liquid crystal
stability is offset by gaining access to the mesophase at a lower temperature. In deciding
upon which disruptor group to use, there were several considerations. The group would
have to possess a shape which kinked the spacer group sufficiently to bias the
conformational distribution towards less linear conformers without destroying the liquid
crystallinity altogether. Incorporating this group into the structure had to be synthetically
straightforward with as few steps as possible (if necessary, more synthetically
sophisticated structures could be attempted once proof of concept was demonstrated).
There appeared to be literally hundreds of group which could have been used to introduce
a kink in the molecule. However there were some constraints on the selection of a given
group, in particular:

e [t should promote more of a bent structure than the corresponding conventional
dimers.

e Starting material should be commercially available and preferably cheap.

e Where possible it should not complicate the electronic structure of the material by
the introduction of unnecessary hetro-atoms as this could complicate our
understanding of where the molecular dipole lies and how this is affecting the
flexoelectric behaviour.

e It should not be so large as to destroy any liquid crystallinity

e It needs to be stable to the synthetic reaction conditions.

e The product needs to be thermally stable to melting and cooling cycles used in the

analysis of the liquid crystalline properties.
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e The starting material should ideally be compatible with the types of molecular
building blocks already available. (i.e. to react with the a,o-

bromoalkylcyanobiphenyl unit, there needs to be a nucleophilic centre on the

X X I I X

disruptor unit)

X
X X
1 2 3
X Z 7 <
X X X
4 5

Figure 5.1 Variety of cyclic ring systems which were considered as disruptor units to generate a bend in
the dimer structure. X represents either an oxygen or methylene unit.

This leaves a short list of only a few potential cores which are shown in Figure 5.1.
Synthetically, it is simpler to have hydroxyl groups at X rather than forming a methylene
link. The presence of oxygen in this position has the advantage of promoting the stability
of the nematic phase even though it does raise the melting point slightly.® Other linking
groups such, as esters which produce phthalate ester cores, were also considered (and
attempted in a few cases) however, these were generally found to raise the melting points
and lower nematic to isotropic transitions. There were advantages and disadvantages to
each group. Groups 1 and 2 were very cheap to buy and reactions involving double alkyl

substitutions are well-known’ however, there is a tendency for catechol and resorcinol to
Y

Y and

oxidise, especially under alkaline conditions. Naphthan-1,7-diol trimers are known'
are predominantly monotropic. The size of the naphthylene unit is also larger and
increases the melting point significantly. Groups 4 and 5 were interesting as the slightly
flexible nature the cyclohexyl ring would be expected to help reduce the melting point
and increase solubility'' however 4 is not commercially available and 5 is available but

only as a mixture of cis and frans isomers. Thus catechol and resorcinol were used as
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core groups to produce a range of kinked dimers based around a 1,2- and 1,3-substituted

benzene ring core.
For clarity the mnemonics of the series considered in this chapter are given with their full

systematic names in Figure 5.2.

Cat(OnOCB), (Chapter 5) Cat(OmOCB)(OnOCB) (Chapter 6)
1,2-bis-[a-(4’-cyanobiphen-4-yloxy)alkyl-o- 1-[a-(4’cyanobiphenyl-4-oxy)alkyl  -w-oxy]-2-[ o’-
oxylbenzene (4’cyanobiphenyl-4-oxy)alkyl-w’-oxy]benzene

et UaWas s nles
O/{/\}n\o F
oo { ) )on T

Res(OnOCB), (Chapter 5)
1,3-bis-[a~(4 -cyanobiphen-4-yloxy)alkyl-w-oxylbenzene

Cat(OnOCB)(OnOBF;) (Chapter 6)
1-[o-(4’cyanobiphen-4-yloxy)alkyl-w-oxy]-2-[a-
(2,4’-difluorobiphenyl-4-yloxy)alkyl-w-oxy]benzene

oot Dot O-Oro

Qui(OnOCB), (Chapter 5)
1,4-bis-[a-(4’-cyanobiphen-4-yloxy)alkyl-m-oxy]benzene

OMOCN

OH

Cat(OnOCB)(OH) (Chapter 6)
1-Jo-(4’cyanobiphen-4-yloxy)alkyl-om-oxy]-2-hydroxybenzene

Figure 5.2 Structrures, mnemonics and systematic names for the dioxybenzene substituted liquid crystal
dimers considered in Chapters 5 and 6.
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5.1.3. Quinone linked dimer systems

It has very recently come to our attention that a small range of dimeric compounds with a
1,2- or 1,3-dioxybenzene core have been synthesised and characterised.'> "> A reference
in these recent papers refers to an earlier publication in which a subset of the 1,3-
dioxybenzene kinked dimers with symmetric cyanobiphenyl mesogenic groups is given.'*
A short consideration of this work is given subsequent to the conclusions in this chapter.
The 1,4-dioxybenzene based analogues made by Furuya et al.'> have been known for a

considerably longer length of time and these results are given below.

240
220 .
200

O
=~ 180
=

160

140

120

Figure 5.3 The temperatures of transition for 1,4-dioxybenzene core dimers where m denotes T,y for
Qui(OnOCB); and Tc,;; m denotes Ty; for Qui(OnOCB), and A denotes Ty; for CBO(2n+6)OCB.]6

The Qui(OnOCB), dimers are likely to form linear geometries in the nematic and so it is
not surprising that the examples in Figure 5.3 were nematogenic and show both high
melting and N-I transitions, which are both larger than the corresponding conventional
cyanobiphenyl dimers (Note that CBO(2n+6)OCB is plotted in Figure 5.3 to take into
account the double spacer and the extra atoms in the disruptor group). This is not
surprising as the para-substituted aromatic ring serves to elongate the structure and to
make it more rigid. The other significant feature of Furuya’s dimers is that there are no
recorded transitions for the odd dimers. This is not as profound as it may first appear. It
was shown by Attard et al."’ that the constant high melting point of the odd dimers was

much larger than their Ty; and by introducing a side alkyl group on the core, the melting
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point could be lowered enough to access the nematic phase. With these results in mind it
would be prudent to look at another set of series of dimers, where examples with bent and

linear disruptor groups have been made, and examine the effect of introducing a kink in

the molecule.

5.1.4. Phthalate, isophthalate and terephthalate ester linked liquid crystal

dimers

Benzene ester disruptors in liquid crystal dimers (phthalate (1,2-), isophthalate (1,3-) and
terephthalate (1,4-)) are known compounds reported by Attard and Douglass.' " The
behaviour of Schiff-base moieties compared to cyanobiphenyl moieties is substantial both
in terms of chemical stability and mesogenic behaviour. Similarly the difference in
transition temperatures between ester (as in these examples) and ether spacer linkers (as
in the materials reported later) is known to be significant.® However, in spite of these
differences, the comparison between ortho-, meta- and para- substituted benzene cores
may give some insight as to what will happen in the corresponding cyanobiphenyl
dimers. The structures of the considered materials are shown in Figure 5.4 and the

transition temperatures given in Table 5.1.

COOR
COOR
R Y
m
H
COOR
COOR

COOR

Figure 5.4 Structure of phthalate, isophthalate and terephthalate core, Schiff-base liquid crystal based
dimers. For the purposes of this analysis, n=3-6 and m=4.
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Table 5.1 gives the transition temperatures (available in the literature) for these series.

For the purposes of this Thesis, however, we shall restrict ourselves to a simple analysis

of the nematic-isotropic transitions for each series (see Figure 5.5).

m =4
n Cr SmF/I SmB SmC SmA N I
Ortho 3 e 100 e (38) e (58) o (64) e (67) e
4 e 86 e ° (50) e (56) e
5 e 83 ° (49) e (60) e (62) e
6 e 8l ° (57) e (65) e
Meta 3 e 116 o (104) e
4 e 96 o (79) o
5 o 104 e (85) e (101) e
6 o 83 e (57) e (62) e (64) e (79) e (81) e
Para 5 e 140 (132) o 148 o
6 e 114 °

Table 5.1 Table of transition temperatures in °C for phthalates, isophthalates and terephthalate core dimers
form=4andn=3-6. """ Only data for n =5, 6 for the terephthalates was available.

The most significant feature is that almost all the mesophases are monotropic. In fact

only the nematic phase of the para-substituted core for n = 5 is enantiotropic. This is

expected as the materials become more linear and the liquid crystal phase more stable.

)
~

150 - A -
140

130 v

120 '

110

100

Figure 5.5 N-I transition temperatures for the three series reported in Table 5.1 where A denotes the
phalate core series, A denotes the isophthalate core series and A denotes the terephthalate core series.

The plethora of different mesophases seen is almost certainly a consequence of the

mesogenic moieties used. Schiff-base mesogenic groups are known for exhibiting a
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variety of different smectic phases so it is not surprising that such a rich liquid crystal
polymorphism is observed. However the nature of these phases change with different
disruptor groups as they cause the molecule to be more kinked. Cyanobiphenyl dimers do
not show such a rich morphology and as we shall see later in the series that are studied,
almost exclusively, only nematic phases are observed.

For the phthalate based dimers, the melting points are reduced as the substitution on the
disruptor becomes closer. However, they fall by less than the corresponding Tx; resulting
in the monotropic behaviour. In the case of the cyanobiphenyl 1,4-dioxybenzene linked
dimers, the nematic phase is much more stable and from this we might be tempted to
predict that the 1,2- and 1,3-dioxybenzene core dimers should be stable enough to
produce an enantiotropic nematic phase for some spacer lengths.

In these series the nematic phase of the odd members appears to be generally more stable
than for the even, however the extent of the odd-even effect is lessened the more bent the
molecule becomes so much so that the phthalate cores show no appreciable alternation.

It is unwise to form firm expectations based on trends seen on a group of materials which
are very different in structure and chemical composition compared to 1,2-dioxybenzene
linked, cyanobiphenyl dimers. However the decrease in melting point and phase stability,
the increase in observable smectic character and the reduction in the degree of alternation
between odd and even members appear to show some basic changes with shape which

may well be mimicked by the proposed dioxybenzene core dimers.
5.2. Synthesis of novel kinked symmetric dimers.
5.2.1. Details of the synthesis

Synthesis of the 1,2-dioxybenzene and 1,3-dioxybenzene based dimers was achieved by
reaction of a cyanobiphenyloxy-a-alkyl-o-bromide with catechol or resorcinol,
respectively. Synthesis of the alkylating agent is described in full in Chapter 3 with

experimental details given in Chapter 7.
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V oSty -

N ek

(b) o+c/}:o
— H2
N= [ :]
n=4-12
o o)
C
(a) Catechol, DMF, K,CO;, Nal, 80°C N +Hﬂ?

(b) Resorcinol, DMF, K,COj;, Nal, 80°C

Figure 5.6 Synthesis of (a) 1,2-dibenzoxy-bis-(a-alkyl-w-oxycyanobiphenyl) dimer (Cat(OnOCB),); (b)
1,3-dibenzoxy-bis-(a-alkyl-w-oxycyanobiphenyl) dimer (Res(OnOCB),).

Chain 1,2-dibenzoxybis-(a-alkyl- | 1,3-dibenzoxybis-(a-alkyl-
length n ®-oxycyanobiphenyl) o-oxycyanobiphenyl)
4 52% 38%
5 46% 37%
6 34% 74%
7 24% 59%
8 68% 52%
9 45% 70%
10 92% 64%
11 60% 71%
12 63% 24%

Table 5.2 Yields of pure product obtained for Cat(OnOCB), and Res(OnOCB), series where n =4 — 12.

The synthetic route for each series is given in Figure 5.6 and the range of yields are listed
in Table 5.2. It should be noted that in the case of the 1,2-dioxybenzene substituted
materials the synthesis was conducted over the course of a year and not in numerical
order (e.g. 7 was attempted first). The variation in yields is, therefore, due to a number of
factors relating to the nature of the materials. These include increasing experience and
range of different techniques to achieve higher yields and purity. The final optimum

procedure is reported in Chapter 7 although some of the problems associated with the
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syntheses are considered here. In the case of the reactions with resorcinol, lower yields
were generally found when the chain length was short where the cyanobiphenyl group is
close to the aromatic ring and so, presumably inhibiting the second substitution resulting
in yields as low as 38% for n = 4. When the chain is very long, where the chain
presumably gets in the way of the second substitution, the yields are also adversely
affected (e.g. for n = 12; yield = 24%). Although the double alkylation of the catechol
appears straightforward, control of the reaction to obtain good yields was less trivial. The
aerial oxidation of dihydroxy-benzenes to form a di-ketonic group which spontaneously
oxidizes to a variety of dark brown organic biproducts is well-known?®' and is vastly
accelerated in the basic conditions necessary for alkylation. Quantifying this process is
impossible, but can be crudely assessed based on the yield of the reaction. The most
straightforward way of reducing this side reaction is to remove the oxygen from the
system by nitrogen purging the solvent for up to 30 min immediately before use and
maintain a positive pressure of nitrogen over the reaction during its course. In spite of
this, some oxidation inevitably did take place. The solvent of choice for this reaction was
dry, HPLC grade DMF, due to its high boiling point and solubilising properties. In each
case the anion was preformed (visible by the clear change in colour to a pale blue on
addition of base before the onset of oxidation).

Generally the reaction was left for an extensive period of time. Even with the sodium
iodide as the catalyst better yields were generally obtained if the reaction was left for
seven days rather than three and certainly better than just overnight. Given that this
alkylation is an SN, type reaction occurring twice there are two steps in the process.
From qualitive analysis of the electronic inductive (I+) and mesomeric (M+/-) effects of
each successive alkylation, the second deprotonation and alkylation is likely to be the rate
determining step (since formation of the anion will be destabilised by an 1+ movement of
charge into the aromatic ring resonating to ortho and para positions). Thus it would be
expected that a significant quantity of monosubstituted material would be produced and
this is indeed what is observed. Such is the difference in acidity of the protons that
sodium hydride is used in preference to potassium or caesium carbonate when

deprotonating the second hydroxyl group in the non-symmetric syntheses (described in
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Chapter 6) however, curiously, the use of sodium hydride in the symmetric synthesis
made no difference to the yield when used in symmetric synthesis.

It should also be noted that literature preparations of dialkylated catechols also include
procedures involving ethanol and potassium hydroxide. This method was attempted but
gave a chronic yield of 8% with a poor recovery of starting materials. NMR of the crude
showed no major biproduct. As such the procedure was not pursued any further.
Procedures involving phase catalysts tended to use DCM or chloroform as the organic
solvent. Since the previous reaction gave poor yields at low temperatures (comparable to
refluxing chloroform) this method was not investigated further.

Workup was generally achieved by one of two methods depending on the availability of a
vacuum with sufficiently low pressure to be able to remove DMF below 90 degrees by
rotary evaporation. Where this was not possible workup was achieved by precipitation of
the product by addition of water followed by filtration through celite and washing with
water. In one case (n = 8) crystallisation from neat DMF was achieved but this was never
repeatable and the crystal structure is given later in Figure 5.7.

Synthesis of the 1,3-disubstituted materials was achieved by a very similar method. DMF
was removed by rotary evaporation and treated exactly as for the 1,2-dioxybenzene
series.

Purification had to be achieved through column chromatography. However, in the case of
the 1,2-dioxybenzene compounds, this was complicated by the monomer and dimer
having very similar Rf values irrespective of the solvent polarity. This was due,
coincidently, to the polarity of the free aromatic -OH group on the monomer being
equivalent in its attraction to the silica compared to the extra molecular weight on the
disubstituted dimer. This became increasingly more problematic as the spacer length
became longer. It was fortuitous that the 1,3-dioxybenzene derivatives were more easily
purified as the separation by column chromatography was considerably better.

The monosubstituted catechols are discussed in Chapter 6 and fully characterised in

Chapter 7.
5.2.2. Molecular characterization

Insolubility of the cyanobiphenyl moiety is widely known by those chemists who handle

it in the synthetic lab. Generally chlorinated organics are the solvents of choice. These
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materials were no exception as they tended to dissolve only in THF, DMF and
chlorinated solvents at room temperature. This limited the solvents available for both
chromatography and crystalisation. In the case of the latter, a variety of solvents were

used with little success and then only for even dimers.

Figure 5.7 The unit cell of (top) Cat(O80CB), containing six molecules, three in the asymmetric unit
(found in Appendix E); (bottom) Cat(O90OCB), containing 8 molecules, 1 in the asymmetric unit (found in
Appendix E).
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Indeed until very close to completion of this Thesis, no odd dimers had been successfully
crystallised and studied via single crystal X-ray diffraction. However we have data now
for Cat(OnOCB), where n = 8 and 9 which n = 8 crystallised from DMF and n = 9 was
recrystallsied from ethyl acetate.

We cannot reliably use conformational information from the crystal structure to predict
the conformational distribution in the nematic. However, it does reveal what structure the
crystal is likely to be melting from and, may offer some clues as to why the transition
temperatures behave as they do with changing parity. Also, as a straightforward
crystallographic comparison, they are interesting as the structure is very different to that
seen for conventional dimers.

Comparing the two structures for n = 8 and 9 (see Figure 5.7) we see that there are a
number of similarities between them. Their overall conformational structure is U-shaped,
the significance of which we will discuss later. Fundamentally each molecule can be
thought of in two parts, the aliphatic region which consists of the two methylene spacers
and the aromatic parts which consists of the two cyanobiphenyl groups and the 1,2-
dioxybenzene moiety. These regions appear to effectively separate in the crystal with the
aliphatic chains packing most closely together and the aromatic groups, particularly the
cyanobiphenyls arranging themselves to maximise a number of favourable intermolecular
interactions. The geometry of the aromatic groups in both cases suggest weak hydrogen
bonding between the cyano nitrogen and aromatic protons on a neighbouring biphenyl
which are similar to those found in di-cyanobenzene.”* The biphenyls tend to adopt a T-
shaped geometry from quadrupolar interactions (edge-to-face contacts) between the rings.
23,24

For both molecules these short contacts along with those originating from the ether links
are likely to be opportunistic interactions rather than structure directing which probably
results simply from efficient molecular packing.

On closer inspection of:the unit cell and the crystal data given in Table 5.3 we see that the
symmetry of the unit cell is different for each molecule and curiously, in spite of the
more disordered spacer chain, it is the Cat(O90CB), which has the higher symmetry. We
can also see that in both crystal structures the molecules are packed head-to-tail, however

the n = 9 has a 1:1 packing whereas n = 8 has a 1:2 ratio which is an artefact of the
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differing symmetry. Again, we cannot read too much into these differences as each
crystal was obtained from different solvent system however this arrangement forms a
pseudo-layer structure which is best appreciated when rotating the crystal structure rather

than from a stationary picture (see the attached CD).

CoHsNoO;4 a=94379(3) A T=120(2) K
RMM = 720.92 b =24.5343(10) A A=0.71073A .
Triclinic P-1 c=27.8878(11) A Dc = 1.213 Mg/im®
V = 5920.8(4) A® a = 109.848(2)° y=0.076 mm’
Z=6 B =96.750(2)° 0.10 x 0.10 x 0.06 mm°
Ry = 0.0576 y = 97.960(2)° Pale beige shard
CsoHssN204 a=8.8233(2) A T=120(2) K
RMM = 749.01 b=17.7886(4) A A=0.71073 A
Orthorhombic Pbca c=52.8278(12) A Dc = 1.200 Mg/m®
V = 8291.5(4) A® o =90.00° p=0.075 mm’”
Z=8 8 =90.00° 0.05 x 0.05 x 0.02 mm°
Ry =0.1294 y = 90.000° White shard

Table 5.3 Crystal data for (top) Cat(O8OCB),; (bottom) Cat{O90CB),

The parity of the spacer chain does result in some difference between the two structures.
The biggest difference is in the conformation where n = 8 is clearly more linear than that
of n = 9. This results from not only the natural shape of the all-trans odd spacer, but also
from the larger number of gauche links in both chains.

Primarily, however, there is a common conformational shape which is the closed U-shape
and although we cannot draw conclusions about conformations in the nematic from the
crystal structure, we can consider that this may be a plausible conformation in the
nematic. If we also consider the entropy of melting (given in Table 5.6) we see that there
is very little variation in ASpe/R with change in parity and all these values are
comparable to those seen for the CBOnOCB series.” From this we may speculate that
any change in conformation at melting is likely to be neither drastic nor particularly

different for either the odd or even dimers.
5.3. Physical data for the 1,2-dibenzoxybis-(-a-alkyl-m-oxycyanobiphenyl) series

The examination of the materials via optical microscopy to study their phase behaviour
revealed a variety of unexpected results. As we shall see, the nature of the phase (i.e.

nematogenic) was expected, however, the variation in the transition temperature as a
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function of spacer length was not. Beyond the microscope obtaining reliable physical
data on the 1,2-dioxybenzene disruptor series to unravel the mysteries of its behaviour
proved capricious. The DSC data, X-ray scattering data and “HH NMR spectroscopy gave

a series of results which were either uninformative, perplexing or both.

5.3.1. Optical microscopy

It is well known that the cyanobiphenyl dimers tend to favour nematic phases.” It is,
therefore, not surprising that the entire series synthesised show purely nematogenic
behaviour albeit monotropic in some cases. Most of the materials generally show
Schlieren textures consisting of two and four brush defects (see Figure 5.8 and 5.9)
consistent with a uniaxial nematic. In some materials in the catechol series there are a
remarkably large number (or though not exclusively) of two brush defects which are
thought to be indicative of a biaxial nematic phase.*

There is evidence that certain members of the series exhibit different crystal phases
depending on the temperature, rate of cooling, mechanical stress and the conditions of
crystallisation (i.e. from solvent or from the melt). For example, n = 8 for the
Cat(OnOCB) series melts sharply from solvent crystallised solid at 126 °C to an isotropic
liquid. On cooling it forms a nematic at 115 °C and then can be supercooled and
crystallised at about 100-105 °C. If this crystal phase is cooled rapidly and/or subjected to
mechanical stress a second crystal phase is induced and has been observed under the
microscope. Apart from the texture of the two crystal phases being quite different, the

structure of each crystal phase is unlikely to be similar as their respective melting points

are quite different.
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Figure 5.8 All optical texture pictures were taken on cooling showing nematic phases Cat(O40CB), taken
at 141 °C, 0.99Ty; (top left); Cat(O50CB), taken at 92 °C, 0.99Ty; (top right — note the bright region is the
liquid crystal texture, the darker areas are regions which are crystallising); Cat(O60CB), taken at 122 °C,
0.99Ty; (bottom left); Cat(O70CB), taken at 74 °C, 0.96Ty; (bottom right) .

The first crystal phase, formed on cooling, melts at ~109 °C into a nematic which clears
at 115 °C and appears to be enantiotropic. The second crystal phase is similar to that
formed from solvent crystallisation as it melts at 126 °C to an isotropic liquid. This
behaviour is reproducible and observed in the DSC traces for subsequent heating/cooling
cycles. This behaviour is observed in some of the other members of the series (e.g. n =6

and n = 10) and seen quite clearly in the DSC although it is not so easily observed under

the microscope.
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Figure 5.9 All optical texture pictures were
taken on cooling showing nematic phases
Cat(O80CB), taken at 113 °C, 1.00Ty; (top
left); Cat(O90OCB), taken at 67 °C, 0.94Ty;
(top right); Cat(O100CB), taken at 102 °C,
0.98Ty; (middle left); Cat(O110CB), taken
at  81°C, 0.97Ty; (middle right);
Cat(O120CB), taken at 101 °C, 1.00Ty;
(bottom left).
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Figure 5.10 DSC plot of the first heating and cooling cycle for Cat(O60CB),. Endothermic transitions are
given as peaks (e.g. on heating) and exothermic transitions are given as troughs (e.g. on cooling). Here we
see on heating, two separate melting peaks corresponding to the two different crystal structures in the solid.
The second peak vanishes for subsequent heating cycles as this polymorph is apparently favoured by
solvent crystallisation.

Figure 5.10 shows that there are two large exothermic transitions which correspond to
melting transitions. From microscopy observations made on the sample the two large
exothermic transitions correspond to two different crystal forms in the same solid
melting. Often this transition is only seen in the first heating cycle and successful
observation of these different melting transitions under the microscope (when the sample
is not a thin film) is capricious. This is compounded by the fact the microscope only can
see a small region of the sample. Where, under the microscope, the two crystal forms
coexist, it is possible to see some regions melt prior to others at temperatures
corresponding to those seen in the DSC experiments. Where this sort of polymorphic
behaviour is seen, data for the melting points is generally taken from the DSC results

(corrected to the microscope calibration).
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5.3.2. Phase behaviour

5.3.2.1. Relating the structural conformers to the phase behaviour

In Chapter 3 we built up a theory guided picture of how first uniaxial monomers behaved,
then biaxial monomers, and then finally we looked at flexible molecules like liquid
crystal dimers. It was noted that introducing the flexible spacer complicated the
calculations considerably since not only did they need to account for the geometry of the
spacer, but also its conformational energy, the length, the parity as well as the anisotropy
of the mesogenic groups.

Analysis of the liquid crystal properties of the dimers showed that whilst it was tempting
to consider the dimers in their all-trans form, this failed to quantitatively explain their
properties. For example, it would be expected that for the linear even dimers the ordering
should be like that of a monomer when in fact it is the bent (seemingly less anisotropic)
odd dimers which behave more like monomers. Similarly for the entropy of transition
(which is related to the ordering) the values for the even dimers are substantially larger
than would have been expected for a simple linear molecule like a monomer.

These differences are accounted for by the molecular field theory which includes all the
different conformations with the coupling between the orientation and conformational
order. It is found that the anisotropic environment favours the more elongated conformers
over the bent conformers subject to the constraints of the conformational energy needed
to adopt such a conformer.

From this we can conclude that looking at the all-trans or even a handful of
conformations does not give any reasonable quantitative indication of how the dimers
behave in the liquid crystal. However, this simplistic approach does provide some
qualitative appreciation of the odd-even effect in simple dimers. Therefore we may be
able to use this approach to gain some understanding of how the more complicated 1,4-,

1,2- and, later in Section 5.4.2.1, 1,3- substituted dioxybenzene dimers behave.
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We have seen in Figure 5.3 how the 1,4- dimer showed a large odd-even effect in Ty

Figure 5.11 Sketch of a 1,4- substituted dimer with an even number of atoms in the linking spacers in the
all-trans form. The mesogenic groups depicted in green are parallel to the para substituted benzene (shown
in red) emphasised by the blue lines.

Considering the shape of the all-trans conformer it can be seen in Figure 5.11 that for
even spacers the mesogenic groups are parallel to each other and to the central group
resulting in a highly anisotropic shape. The rigid central core helps support the anisotropy

along the molecule.
The odd spacers appear very similar except, as shown in Figure 5.12 they are no longer
parallel to the central group and the benefit of the rigidity of the linker is not only lost,

but it counts against the anisotropy in the molecule reducing the nematic stability

considerably.

Figure 5.12 Sketch of a 1,4- substituted dimer with an odd number of atoms in the linking spacers in the
all-trans form. The mesogenic groups depicted in green are not parallel to the para sunstituted benzene
(shown in red) emphasised by the blue lines.
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It should be noted however that the ‘odd’ spacer is in fact overall still even as each spacer
arm has been increased by one methylene each (over all two) symmetrically. However

this result still does not fully explain the very large odd-even effect observed.
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Figure 5.13 Nematic to isotropic transition temperatures for Cat(OnOCB)2 and CBOnOCB. Here, m
denotes Ty; for Cat(OnOCB)2 and A denotes Ty; for CBOnOCB.

Looking at the data for Ty; for Cat(OnOCB), we see that there is a distinct odd-even
effect as the spacer length increases. The behaviour which we observe is typical of an
odd-even alternation similar to that observed in Ty; for the CBOnOCB dimers (see Figure
5.13). A full comparative analysis between these two series is undertaken in Section
5.3.2.3. As with the 1,4-dioxybenzene linked dimers we should note that each spacer arm
increments by one symmetrically meaning that there should be no odd members and

hence we would expect there to be an odd-even effect.

Figure 5.14 Sketch of a 1,2- substituted dimer with an even number of atoms in the linking spacers in the
all-trans form.
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Considering the all-trans examples for a typical even dimer (an example is given in
Figure 5.14) we see that the mesogenic groups are not parallel and the structure seems
highly bent which is unlikely to be compensated for by the central ring. However
comparing the 1,2- and 1,4- dimers we see why there would be such a difference in the

nematic stability as the 1,4- conformer is, by comparison, highly anisotropic.

Figure 5.15 Sketch of a 1,2- substituted dimer with an odd number of atoms in the linking spacers in the
all-trans form.

The confusion arises when we consider a typical odd dimer such as that given in Figure
5.15. Here we see that the mesogenic groups are parallel and, despite the small length-to-
breadth ratio, the molecule is considerably more anisotropic than the even analogue. So
we are left with two problems to consider for the 1,2- substituted dimers (the 1,3- dimers
are considered later).

1) Why do the dimers show a distinct odd-even effect in Tx;?

2) Why are the even dimer nematics more stable than the odd?
We have very little evidence to support any further speculation and selecting certain
conformers out of the distribution is known to give unreliable results. So we propose a
sketch view of what the dominant conformers in the distribution may look like and
comment the observations we have to support this view and what evidence could be
gathered given the facilities.
To address the issue of the presence of the odd-even effect, it can be considerd that the
end link in the chain is gauche and not trans. This, although unintuitive, has been shown
to be the more stable form. If we make the change to the diagrams in Figure 5.14 and
5.15 we can see that this does decrease the length-to-breadth ratio in both cases, but in

terms of the overall shape, it does not make the even dimer sufficiently more anisotropic

than the odd dimer.
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Figure 5.16 Odd and even dimers showing the axis which aligns to the director as bisecting the benzene
ring in the centre of the molecule. The mesogenic groups in (a) the even dimers are closer to being parallel
than the odd dimers in (b) which are almost perpendicular to this axis of alignment.

Another way to see how we could get an odd-even effect is to re-define the major axis of
the molecule. Thus far we have assumed that the axis which lines up parallel to the
director being the line that runs from one cyano group to the other. However if we take
this axis as the line which bisecting the benzene ring disruptor then we can see that the
even dimers have mesogenic groups roughly parallel to this axis whereas the odd dimers
have their mesogenic moieties pointing out at an angle to this (see Figure 5.16 (a) and
(b)). Given the flexibility of the chains we can imagine it more likely that they would
adopt a range of conformations which would make the molecules less broad about this
axis than in the all-trans form (see Figure 5.17).

A

Even n Odd

/) 2

Figure 5.17 Diagram of how the dominant odd and even dimer conformers in the distribution may vary.
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From what we understand from conventional dimers, the even dimers would form more
conformers which bring the mesogenic groups parallel to the molecular long axis than the
odd. Therefore a range of U-shaped conformers could give the odd-even effect in Ty as
we observe it for Cat(OnOCB);.

It is unclear why this should be the case when clearly opening up the molecule gives a
more favourable length-to-breadth ratio in the case of the odd dimer. We shall see that the
closed form is the conformation adopted in the crystal structure and that the entropy of
transition is not unusually large as we may have predicted if the arms were opening up in
the melting transition.

There are possible experiments in which we could gather more information to better
understand how the compounds are behaving in the nematic phase. The two suggested
experiments involve measuring the dielectric anisotropy and X-ray scattering
experiments.

Investigating Ae in an aligned sample would, depending on the conformational
distribution, either be very large or relatively small. Assuming the dimers adopt a U-
shaped conformation, in an aligned sample the dielectric anisotropy would be very large
and positive. If the molecular arms are spread out in the aligned sample the dipoles would
cancel and thus reduce Ae would be small. These measurements are not trivial and
without the proper equipment and expertise have therefore not been conducted.

Another way of studying the nematic phase is through X-ray diffraction experiments to
determine the molecular spacing in the nematic. Prof. Seddon of Imperial College kindly
agreed to study the Cat(O60CB); and the Cat(O70CB), compounds. In spite of being
able to see the nematic, he was only able to determine the wide-beam scattering rather
than the crucial narrow-beam scattering from the end to end spacing. Further attempts to

obtain this data have so far been unsuccessful at the time of writing.

5.3.2.2. Comparing Cat(OnOCB), to nOCB monomers

Given the molecular shape of these materials we could view them like two monomer
units which are tethered to some core (in this case a catechol unit). The more independent

the arms are, the more we would expect the behaviour to reflect that of the corresponding
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monomer (in this case nOCB) both in terms of the absolute value of the transition

temperatures and how they vary as a function of spacer length.

140
n TSm,la /°C T C 130 T
Cat(OnOCB), ]

nOCB 120 -
4 (76) (140) 110 m 4
5 68 (94) 100 .
6 76 126 °; 90 o - | m
7 74 89 80 h 0 - a m]
8 80 (115) 70 O
9 80 87 60
10 84a (110) 50
11 88a 1) 40
12 90a (102) 4 5 6 7 8 9 10 11 12

n
Table 5.4 Ty  for  series B )

Figure 5.18 Ty; for nOCB and Cat(OnOCB), where m denotes
Tyt for Cat(OnOCB),, o denotes Ty; for nOCB and o denotes
Tsmar for nOCB.

Cat(OnOCB) and OnCB for spacer
and terminal chain n = 4 — 12. Here
() denotes a monotropic transition.

From these results (shown in Table 5.4 and Figure 5.18) we see that the dimers behave
much more like typical dimeric materials with a distinct odd-even effect in Ty; and
isotropic transition temperatures generally higher than the corresponding monomers.
Although Tyis of the two series are quite similar, the behaviour of the transition
temperatures differs between the two series considerably. The size of the alternation in
the odd-even effect is considerably more pronounced for the dimers and increasing the
chain length has the effect of destabilising the nematic phase for the Cat(OnOCB), series
whereas for the monomers the nematic phase is stabilised up to the emergence of the
smectic phase. The smectic behaviour in the monomers particularly emphasises the
differences between the behaviour of these two materials. If we understand the lamellar
stabilisation being related to a microphase separation of the long chains and the biphenyl
units, then the dioxybenzene linking group is acting as a solubilising agent which
destabilises any smectic phase which may have otherwise emerged. The degree to which
the presence of one arm affects the other in the dimer is not known, however it is clear

that by tethering the arms together they certainly do not act like two independent units.
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5.3.2.3. Comparing Cat(OnOCB), to CBOnOCB (short)

The Cat(OnOCB), series (where n = 4 — 12) are all nematogenic although many members

are monotropic; the data this are given in Table 5.5.

n Cr N 1
4 ® 174 ® (144) e
5 ® 139 ° (94) ®
6 ° 120 ® 126 °
7 ° 80 ° 89 °
8 ° 126 ° (115) °
9 ° 75 ° 87 °
10 o 113 ° (110) ®
11 e 89 ° 91 °
12 o 113 ° (102) °

Table 5.5 The transition temperatures in °C for the Cat(OnOCB), homologues. Melting points are taken
from the solvent crystallised form. The ( ) indicates a monotropic transition.

The structural complexity of these materials makes giving a simple explanation for their
behaviour difficult. In this section we will attempt to discuss the evidence to support the
suggested geometries suggested in Section 5.3.2.1 existing in the phase by comparison
with a variety of different series.

For the purpose of clarification, symmetric cyanobiphenyl dimers with spacers of
comparable length to the length of one arm of Cat(OnOCB); are referred to as short chain
CBOnOCB dimers. Materials which have the same number of methylenes as in both arms
(i.e. 2n) are referred to as long chain dimers. Here we compare Cat(OnOCB), against
CBOnOCB (where in both cases n = 4 — 12). The reason for choosing the CBOnOCB
series is that the Cat(OnOCB), series exhibits an odd-even effect which is more
comparable to the parity change in the short chain dimers rather than keeping a constant
parity (e.g. for 2n). Compared to the symmetric short chain cyanobiphenyls (see Figure
5.18) the odd-even effect in both the Ty, transition and the melting points are similar in
appearance to that seen in conventional dimers. However there are several differences,
the most crucial being the comparative difference in temperature. The CBOnOCB series
have much more stable nematic to isotropic transitions than the 1,2-dioxybenzene
homologues. Considering there is such a large disparity between the Ty of the two series

for a given spacer length, it is difficult to envisage the Cat(OnOCB), molecules
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completely opened out. The more opened out the structure, the more anisotropic the
molecule is which we would expect to be reflected in higher Tni. This supports the view
that the molecules are more likely to be U-shaped, rather than completely opened up to a
more linear structure. If the conformers are predominantly U-shaped they will have a
small length-to-breadth ratio, and so it would not surprising that the many of the
Cat(OnOCB), series possesses sufficiently low Tyis rendering the nematic phases
monotropic. The remaining enantiotropic nematics (for n = 6, 7 and 9) are more a
reflection on lower melting points than higher Ty;s.

The attenuation in the Ty; as n increases is less than that of the conventional dimers.
Since the dilution effect of adding two CH; groups in the kinked dimers is greater than
adding one CH, to a conventional dimer, this trend must lie in the difference in
conformational shape between the two series. Because, on average, the length-to-breadth
ratio in the kinked dimers is smaller than the conventional dimer, any increase in the

length of the Cat(OnOCB), dimer will be proportionally larger than for the corresponding
CBOnOCB dimer.

T/ °C

Figure 5.19 The transition temperatures as a function of the methylene spacer of Cat(OnOCB), and
CBOnOCB where n = 4 — 12, where A represents Ty; CBOnOCB and A represents Tey CBOnOCB; =
represents Ty; Cat(OnOCB), and m represents Tc and Ty Cat(OnOCB),.

The melting points of the Cat(OnOCB), series are significantly lower (generally about 40
— 50 °C) than the CBOnOCB series which is significant as there is nearly a 50% increase

in mass in the novel series (see Figure 5.19). The melting transitions do show an odd-
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even effect for materials where n > 6. The drop in the melting point for n = 4 compared to
n = 8 for the CBOnOCB series is about 35 °C compared to the difference of 45 °C in the
kinked series. Since we know that the solvent crystallised, crystal structures for n = 4 and
8 are primarily the same (see Appendix E), it can be assumed that the change in melting
points for the even members is purely due to the increase in the aliphatic chain length.
The odd dimers appear to have a substantially different crystal structure owing to the

marked difference in the melting points and in AScn/R (see Table 5.6) compared to the

even members.

5.3.2.4. Comparing Cat(OnOCB), to CBO(2n+4)OCB (long)

By looking at monomers and short chain dimers we have previously only considered the
closed geometries, comparison with the long CBO(2n+4)OCB series (even members)

considers the open geometry.

T/°C

2n+4

Figure 5.20 The transition temperatures as a function of the methylene spacer for Cat(OnOCB), and
CBO(2n+4)OCB where n = 4 — 12, where A represents Ty; for CBO(2n+4)OCB and A denotes T¢y for
CBO(2n+4)OCB; m represents Ty; for Cat(OnOCB), and m represents T, and T¢y for Cat(OnOCB)s..

To do this we have taken only the even members of the long chain symmetric
cyanobiphenyl dimers such that the spacer includes both the arms of the Cat(OnOCB),
dimer and the extra four atoms from the catechol and oxygen linkers thus we have plotted

transition temperatures for CBO(2n+4)OCB (see Figure 5.20).The role of the catechol
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unit by comparison to four extra carbons in the chain is quite different in that it is
effectively a rigid gauche link in the centre of the chain. The aromatic-oxygen-aliphatic
link creates a slightly wider internal angle than a methylene-methylene link in the simple

dimer chain.

_ /_/
---O O__- -

Figure 5.21 Diagram comparing the all-trans methylene chain compared to a section of the 1,2
dioxybenzene liner demonstrating they are of comparable length.

Simply looking at the all-trans chain and the 1,2-dioxbenene linker we may be surprised
to see that there are similarities between them (see Figure 5.21) both in terms of length
and the direction which the end groups point (that being anti-parrallel).

Considering the plot of the transition temperatures in Figure 5.19, where the CBOnOCB
series increases by two carbons there is no odd-even effect observed. Instead there is a
steady decline in the Ty in contrast with the odd-even effect seen in the Cat(OnOCB),
series. The melting points for CBO(2n+4)OCB also show a smooth change varying by
less than 20 °C over the series compared to the odd-even variations which range between
20 — 45 °C. The shape and variation in Cat(OnOCB), in both the melting points and the
T transitions are so different that it leaves little doubt that the dominant shapes in the
conformation distributions of the two series are substantially different.

This series is also contrasted against the 1,4-dioxybenzene-bis-(a-alkyl-o-
oxycyanobiphenyl) synthesized by Furya ef al. at section 5.4.4 where the N - [ transitions

for each substituted (ortho, meta and para) dioxybenzene dimer series are compared.

5.3.3. Entropy of transition

The entropy of transition for this series was complicated by the small nematic ranges, the
monotropic behaviour of many of the members and a curious tail feature at the N - |
transition on cooling which was observed for all of the plots for this series. Being certain
of the purity of the material, we were led to conclude that the long tail coming from the
transition was probably due to the long chains in the material becoming entangled on

cooling. The time taken for the material to become orientationally more ordered whilst
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the medium became increasingly viscous resulted in a tail being formed. Reducing the
rate of cooling appeared to make little difference to the length of the tail, however
reticulated structures were not observed under the microscope.

Figure 5.22 is a more detailed view of the trace shown in Figure 5.10 highlighting several
features of the plot. Because of presence of this tail (Figure 5.22 C), there is a significant
discrepancy between ASxi/R heating (where available) compared to cooling. Since many
of the materials are either monotropic or the N-I transition is overlapped by the peak from
the Cr-N transition because the range is so small, there are very few reliable ASx/R
values on heating. The length of the tail and where to determine the transition has been

completed leads a higher level of uncertainty pertaining to the accuracy of the results.
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Figure 5.22 A typical DSC plot for Cat(O60CB),. At A there is an example of where two different crystal
structures melt at two distinctively different temperatures, the latter is not normally observed under the
microscope, but makes the N - I transition impossible to analyse properly (shown at B). C shows a close
view of the tail seen on all examples in this series. The red lines indicate the possible points to evaluate the
area under the peak. The considerable variation in position can result in a difference of more than 50% in
the area under the curve (the enthalpy). This cycle was heated and cooled at 10 °C/min.

Because so many of the series only show monotropic behaviour, the data for ASyi/R in

Table 5.6 is taken from the cycle only cooling only. First analysis of the data (see Figure
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5.23) suggests a reassuring consistency showing an odd-even trend which, according to
theory for conventional dimers, is expected behaviour. The odd-even effect shows the
even members having a larger ASy/R than the odd following a similar trend to the

CBOnOCB (short chain) series.

n AHc,ncrp/kJmol”  AScincryR  AHy /kJmol’! ASn/R

4 52.3 14.1 3.29 0.96

5 52,3 15.3 Not measured Not measured
6 48.1 14.8 4.53 1.37

7 49.9 16.3 0.57 0.19

8 50.8 15.8 4.92 1.53

9 38.6 13.7 0.98 0.32

10 60.1 18.7 6.45 2.00

11 68.3 23.1 4.73 0.57

12 94.1 27.7 6.55 2.20

Table 5.6 Entropy data for melting and N — I transition. ( ) indicates a transition directly into the isotropic

Given that the catechol based dimers have twice the number of spacer atoms per
molecule, we might expect the entropy of transition to be large; perhaps larger than the

symmetric cyanobiphenyls.

2.50
2.00 |
1.50

1.00
T

0.50

ASNn/R

0.00

Figure 5.23 The entropy of transition for Cat(OnOCB), against spacer length contrasted against the
CBONOCB (short chain) series where m is ASyy/R for Cat(OnOCB), and A is ASyy/R for CBOnOCB.

This is not the case suggesting that the 1,2- substituted dimers are considerably more

disordered in the liquid crystal phase compared to the corresponding members of the
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CBOnOCB series. The conformational contribution to the transitional entropy can be
explained using the conformational arrangement shown in Figure 5.17. The even dimers,
order themselves in such a way as to stabilise the more linear conformers as is thought to
be the case in CBOnOCB. This will raise the entropy of transition as seen in the even
dimers. The odd dimers have to undergo a far higher energetic cost to achieve this
conformational linear stabilisation and therefore the more linear conformers are less well
stabilised. Therefore the orientational order and conformational distribution of the odd
dimers more closely resembles that of the isotropic than the even dimers. The entropic

difference for the odd dimers is lower at the transition and hence there is an odd-even

effect observed.

5.4. Physical data for the 1,3-dioxybenzene bis(-a-alkyl-o-oxycyanobiphenyl)

series

Given the nematogenic nature of the Cat(OnOCB), series it was expected that the
Res(OnOCB); series would also be nematogenic. Given the observations made about the
Schiff-base phthalates, it might be reasonable to expect the transitions and melting points
to be intermediate between the ortho and para substituted benzene core cyanobiphenyl
dimers. A direct comparison and analysis of the effect of changing the substitution of the

core will be made at the end of this section.
5.4.1. Optical microscopy

The crystal-crystal transitions which arise from polymorphism in the crystal structure in
in the 1,3-dioxybenzene core dimers was more apparent by both DSC and optical
microscopy than in the 1,2-dioxybenzene dimers. All members of the series show
monotropic nematic phases (compared to the higher melting crystal polymorphs),
however this is more due to the generally higher melting points observed in the 1,3-
dioxybenzene dimers compared to the 1,2- analogues rather than the lack of stability of
the nematic phase.

In several cases it was difficult to take an adequate picture of the optical texture of the
nematic phase as the onset of crystallisation occurred before the liquid crystal phase
formed. In the case of n = 7 this meant the picture was not always very sharp and in the

case of n = 5 only small droplets not easily seen in the picture, showed a nematic phase.
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Generally, all of the observed nematic textures were not so easily identifiable with less
schlieren textures compared to the 1,2-dioxybenzene cores dimers (see Figure 5.25).
What evidence there was of two and four brush defects showed no particular bias in the
type observed. The features that identified the phase were a combination of the thread-
link texture, the low viscosity and the small flashes which occurred as the top coverslip
was subjected to mechanical stress.

There was also evidence of polymorphism by the shape of the crystals which formed.
This is evident in the picture for n = 5 (which shows at least two distinct types of crystals
growing seen in Figure 5.25) but was also observed for n = 6, 7, 8 and 10 (See Figure
5.24). Viewed through the microscope there are apparently only two different types of

crystal which form, one shape being more stable than the other.
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Figure 5.24 The different crystal melting points arising from the polymorphism in the crystalisation from
the melt. Here 4 denotes Teyicro/ T and A denotes Teyor.

The results in Figure 5.24 show that with respect to the thermal stability of the /ess stable
crystal phase, some of the dimers could appear to be enantiotropic. A trait seen for n = 8

for the 1,2-dioxybenzene series.

Unfortunately no crystals could be grown of high enough quality for X-ray structural

studies to probe the crystal structure.
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Figure 5.25 All optical texture pictures were taken on cooling showing nematic phases Res(O40CB),
taken at 126°C, 1.00Ty; (top left); Res(OSOCB), taken at 107°C, 0.99Ty; (top right); Res(O60CB), taken
at 106°C, 0.98Ty; (top-middle left); Res(O70CB), taken at 102°C, 0.99Ty; (top-middle right);
Res(O80CB), taken at 104°C, 0.98Ty; (bottom-middle left); Res(O90OCB), taken at 101°C, 1.00Ty;

(bottom-middle right).
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5.4.2. Phase behaviour

There are many similarities between the properties of the 1,3-dioxybenzene dimers and
1,2-dioxybenzene analogues and their phase behaviour. Many of the same arguments

apply and so will not be repeated here.

5.4.2.1. Relating the structural conformers to the phase behaviour

The 1,2- and 1,4- dimer all-trans conformers were examined in an attempt to explain the
odd-even effect. There was very little correlation between the shape in the open all-trans
and the behaviour observed in the Ty;. The only way of understanding these materials
properly would be to do the calculations using the molecular field theory however this is
a non-trivial task and so we have attempted to explain the behaviour in the N-I transition
temperatures using a more simplistic qualitative analysis. The all-trans conformers do not
satisfactorily rationalise the observed behaviour in conventional dimers and therefore for
the 1,2-dioxybenzene dimers, the behaviour has been explained by adapting the
conformational shape to the data on the series that was available as a basis for speculation

on how the materials behave in the nematic.
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Figure 5.26 Ty, transitions for the Res(OnOCB), series where m represents for Res(OnOCB),, m represents
Tsman and A represents Ty; for CBOnOCB.

Considering the 1,3-substituted dimers (see Figure 5.26, transition temperatures given in

Table 5.8), we note that again there is an odd-even effect as n increases and that the

281



alternation in the effect is small in comparison with the Cat(OnOCB), (not shown in
Figure 5.26) and the CBOnOCB dimers.
If we apply the reasoning that we used for the 1,2- substituted materials it becomes clear
that there are two problems:
1) With the change in substitution position, the odd dimers have their mesogenic end
groups more in line with the director rather than the even which should reverse
the odd-even effect in Ty — which we can see is not the case (see Figure 5.26).
2) The substitution position increases the molecular width, making the already broad
molecule possibly too broad to form a liquid crystal phase.
With this we are left to consider the all-trans dimers and what we find is that there is very

little difference between the odd and the even in terms of the anisotropy.

PP ¢ PN

Figure 5.27 Sketch of a 1,3- substituted dimer with an even number of atoms in the linking spacers in the
all-trans form.

Q-

Figure 5.28 Sketch of a 1,3- substituted dimer with an odd number of atoms in the linking spacers in the
all-trans form.

Trying to see any significant anisotropic difference between the even (see Figure 5.27)
and odd (see Figure 5.28) is not possible in such a qualitative fashion. Given the subtlety
of the odd-even effect in this series this should be unsurprising. The fact that there is so
little difference between the odd and even dimers points us in the right direction; we
would expect this series to have a less stable nematic phase than the 1,4-dimers, which is

true, and we would expect there to be less alternation in the odd-even effect than in the
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1,2- and 1,4- dimers which again is true. However, this ultimately leads us back to the
original comment that explaining patterns in these dimers (especially where the
differences in Ty; between odd and even are so small) cannot be satisfactorily achieved
using these qualitative methods. So for this series a satisfactory explanation can only be

explained through modelling.

5.4.2.2. Comparing Res(OnOCB); with nOCB monomers

Unlike the 1,2-dioxybenzene dimers, the 1,3- substitution pattern allows the spacer chains

more freedom to adopt more linear geometries with less steric interference.

Ta /°C
. MO Tia PC 140
TSmda/’C - pegonocn),  '2°
nOCB 129 - =
110
8
4 (76) (28} <100 [ ] » ] u &
5 68 (101) B o - ﬁ
g
6 76 (115) 30 . . ) - o
7 74 (105) a8 =
8 80 (111) &
9 80 (100) 4 s 6 7 8 9 10 11 12
10 84a (103) .
11 88a (93) S
12 90a (102)

Table 5.7 T for  series Figure 5.29 Ty; for nOCB and Res(OnOCB), where m denotes Ty;
Res(OnOCB), and OnCB for spacer for Res(OnOCB),, m denotes Tspnan for Res (OnOCB),, o denotes
n =4 - 12. () denotes a monotropic Tyj for nOCB and o denotes TSmAI for nOCB.

transition

As with the Cat(OnOCB), series, the 1,3-substituted analogues show an odd-even effect
more pronounced than seen in the monomer series. Again we see that the monomer Ty
stabilises with increasing chain length (here the chain length is adding to the anisotropy
of the molecule) but for the dimer there is a subtle decrease in the nematic stability.
Compared to the Cat(OnOCB); series we can see that Res(OnOCB), compounds behaves
more like the nOCB series in that there is an emergence of a SmA phase for n = 12
however this is less stable than seen in 120CB and a less pronounced odd-even effect in
the dimer Ty;. This perhaps suggests that since the arms are more spaced apart they are
more free to behave independently like the monomers, this not withstanding, the 1,3-

dioxybenzene tether still stabilises the nematic phase relative the monomer and

destabilises the formation lamellar phases.
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5.4.2.3. Comparing Res(OnOCB), with CBOnOCB (short)

As with the 1,2-dioxybenzene dimers the 1,3- analogue dimers will be compared to the
CBOnOCB series first and then compared to the long chain dimers. Since much of

geometric arguments are the same, this analysis shall be brief.

n Temperature /°C

Cr, Cr, Sm A N I
4 ° 154 ° (137) ° ° (128) °
5 ] 151 ° (146) ° ° (101) °
6 ° 126 ° (120) ° ° (115) °
7 ° 137 ° (128) ° ° (105) °
8 ° 128 ° 99) ° ° (111) °
9 ° 143 ° ° ° (100) °
10 ° 117 ° (108) ° ° (103) °
11 o 107 ° ° ° (93) °
12 ° 106 ° ° (85) ° (94) °

Table 5.8 Table of 1,3-dioxybenzene dimers phase transitions from microscope observations including Cr-
Cr transitions observed on cooling only. Cr, transitions in red are obtain from DSC data corrected to the

microscope calibration.

There is an interesting polymorphism resulting in crystal-crystal transitions observed for
n =7, 8 and 9 (shown in Table 5.7 and Figure 5.30) briefly mentioned in Section 5.4.1.
This will be expanded upon more fully in the entropy section where measurements by
DSC show more examples in this series where similar polymorphism occurs.

The entrance of the smectic phase at n = 12 is curious and possibly visible due to the
lower melting points for the longer spacer lengths and hence access to lower temperatures
through supercooling. That is to say that it is possible for smectic phases to exist for the
other compounds in the Res(OnOCB), series but they have too low a transition to be
observed. Each material was supercooled by approximately 30 °C (transitions for some

materials, e.g. n = 5, were obtained by observing droplets on the microscope slide).
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Figure 5.30 The melting points and polymorphic melting points and liquid crystal transition temperatures
for the Res(OnOCB), series where m represents Cri-I, @ represents Cr,-Cr; or Cr,-N, m represents N-I and
m represents SmA-N.

Figure 5.30 shows the Ty; which attenuates rapidly becoming almost constant by n = 11
and 12. The Cr, data is plotted from a combination of optical microscopy and DSC data
as reported in Table 5.7. These Cr; transitions show a more consistent odd-even effect
which, interestingly, is out of phase with the alternation in Tn; which stops about n = 10.

Comparing the liquid crystal phase transitions of Res(OnOCB), with CBOnOCB we see
that the alternation in Ty; is significantly lower in the kinked dimers (see Figure 5.31)
compared to the conventional dimers. Since the degree of conformational change
between odd and even members of the series is expected to be small (as discussed in
Sections 5.4.2.1 and 5.3.2.1) this result in not surprising. The significantly lower Ty; is
likely to be due to a number of reasons. Primarily there are likely to be many more bent
conformers in the conformational distribution for a given member of the Res(OnOCB),
series both due to the presence of the core group and the fact there are two flexible
chains. Secondly the benzene core and the additional chains are non-mesogenic and so

will further dilute the mesogenicity by comparison, destabilising the liquid crystal phase.
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Figure 5.31 Temperature transitions for N-1 and SmA-N transitions for CBOnOCB and Res(OnOCB),,
where m is the Ty; and m is the Tgman for Res(OnOCB), A is the Ty transition for CBOnOCB.

Finally, as described before, if the U-shaped dimers become more stabilised by the longer
spacer group and occupy a larger proportion of the conformational distribution, this
would be likely to stabilise a smectic phase which would not be seen in the CBOnOCB
series. Greater evidence for this could be gained by measuring the spacing between the

layers for Res(O120CB),.

5.4.2.4. Comparing Res(OnOCB); with CBO(2n+5)OCB
Comparing the CBO(2n+5)OCB series with Res(OnOCB), gives an interesting result.

As was the case for the 1,2-dioxybenzene dimers, to account for the extra atoms
represented by the resorcinol unit, the kinked dimers are compared to a chain length of 2n
+ 5 in the simple cyanobiphenyl dimers. In Figure 5.32, taking the members of the
CBO(2n+5)OCB series (which correspond in length to the elongated Res(OnOCB),
conformer) generates a non-alternating trend compared to the odd-even alternation seen
in the Res(OnOCB), series. However, the difference in magnitude of Ty; between the two
series is somewhat less than was observed for the Cat(OnOCB), dimers. There is clearly
some difference in the character of the Res(OnOCB), dimers giving rise to the odd-even
effect, but the alternations are so small that there may be some relationship between the

shapes of both sets of dimers. That is the arms of the 1,3-dioxybenzene dimers are
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substantially more opened out than compared to the corresponding 1,2-dioxybenzene

analogues.
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Figure 5.32 The N-I temperature transitions as a function of the methylene spacer for Res(OnOCB), and
CBOnOCB. A denotes Ty; CBOnOCB and m denotes Ty; Res(OnOCB),.

Again, the stability in the nematic phase for the CBO(2n+5)OCB series will benefit from
linearising the molecule through small torsional rotations in the long chain whereas the

kinked dimers have two shorter chains which will be able to accommodate less torsional

rotation for the same cost in energy.
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Figure 5.33 The melting transitions for Res(OnOCB), and CBOnOCB. Here, .\ denotes Tc,y CBOnOCB
and m denotes Ty Res(OnOCB),.
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The more interesting comparison is actually by considering the melting points (see Figure
5.33). All the CBO(2n+5)OCB series are enantiotropic compared to the Res(OnOCB),
series which are all monotropic. However, for most examples the Cr-N transition for the
CBO(2n+5)OCB series is smaller than the Crj-l or even some of the lower Cr,-I
transitions. This suggests that the packing in the crystal for both polymorphs is very
different to that of the CBOnOCB series which is likely to follow the same structure as
those known for shorter spacer groups in the same series.””*® In the absence of a proper
X-ray structure it is hard to comment further on the crystal structure of the Res(OnOCB),
series. It should however be noted that the molecular mass of the CBO(2n+5)OCB and
the Res(OnOCB), series are roughly the same, but the 1,3-dioxybenzene substituted
dimers have two extra hetro atoms (oxygens) and a planar aromatic ring, which are likely
to form favourable electrostatic interactions. This would lead to higher melting points for
the kinked crystal conformer.

To conclude, as predicted, the 1,3-dioxybenzene dimers do not behave like the
CBO(2n+5)OCB series either in terms of melting point or the variation in the transition
temperatures as a function of n. The nematic phase is less stable than either the long
(2n+5) or short (n) spacer chain members of the symmetric cyanobiphenyl series which is

probably due to the complicated conformational distribution arising from the inclusion of

the disrupting group.
5.4.3. Entropy of transition

The entropy of transition for the Res(OnOCB), series was somewhat easier to measure
compared to the Cat(OnOCB), series however measurements are complicated by the
monotropic nature of the compounds. As described in previous chapters, each material
was run through 4 heat/cool cycles and an average of the data was taken and plotted.

We see in Figure 5.34 and Table 5.9 that the lack of data points is again making analysis
of any trend almost impossible. However, we can note an overall increase in entropy as
the spacer length increases is in keeping with theoretical prediction and similar to the
increase seen in the corresponding CBOnOCB materials. The problems of tails in the data
were not so prevalent in the Res(OnOCB), DSC traces which, if related to the chains

being entangled, can be understood as the result of the arms being further apart due to the

particular motif on the ring.
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AHy;/kJmol”  ASy/R

n
4 2.52 0.76
5 Not Observed

6 2.29 0.72
7 4.49 1.43
8 3.52 1.12
9 Not Observed

10 5.97 1.93
11 5.45 1.80
12 5.97 1.94

Table 5.9 Table of the enthalpy and entropy of transition for Res(OnOCB),

2.50
2.00

1.50

AS/R

1.00 -

0.50

0.00

Figure 5.34 The change in transitional entropy for Res(OnOCB), and CBOnOCB as a function of spacer
length.

Assessment of the odd-even effect in the data is complicated by the lack of data points at
n =5 and 9 due to the onset of crystallisation before the N-I transition is reached. The
most important observation would be that the effect is going contrary to expectation for n
= 6 — 8 and then following the expected trend for n = 10 — 12. The data forn =6 — 9 is
consistent across the average, suggesting that the data are correct. With the inherent lack

of data points any further speculation on the trends would be unwise.

5.4.4. Assessing the affect of the angular change in the core on the nature and

stability of the phase

Comparing the liquid crystal phase behaviour between the 1,2-, 1,3- and 1,4- substituted
benzene rings we can see the significant effect different cores has on the stability of the

materials. The conformational structure of the linear 1,4- dimers appear vastly different to
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that of the 1,2- and 1,3- dimers although the decline in the Ty; for the 1,4- substituted
dimers appears that when, n = 12, (by extrapolation) would give Tx; transitions similar to
that of the bent core dimers (see Figure 5.35). The massive difference in Ty, for the 1,4-
dioxybenzene dimers compared to the 1,2- and 1,3- analogues is a strong indicator for the
big difference in the conformational distribution for the apparently more anisotropic 1,4-

dimers compared to the seemly bent ortho and meta substituted dimers.
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Figure 5.35 The transition temperatures of the 1,2-, 1,3-, 1,4- dioxybenzene core cyanobiphenyl dimers as
a function of spacer length. Where A denotes Ty; for Qui(OnOCB)s, "> m denotes Ty for Res(OnOCB),, m
denotes Tguan for Res(OnOCB), and m denotes Ty; for Cat(OnOCB),.

Both the 1,4- dimers'® and the 1,2- dimers show a much larger alternation in the odd-even
effect. Strictly speaking the 1,4- substituted dimers do not show an odd-even effect,
however it was demonstrated by Attard ef al.'” that by lowering the melting point of the
dimer by introducing a non-mesogenic aliphatic side-chain to the quinone unit, does
show a visible odd-even effect for this series. Thus for the Qui(OnOCB), series it is
assumed that the odd members show nematic phases which are simply too monotropic to
have been observed. Despite not knowing the precise Tyn; for odd members, we know
from the melting points'” that the odd-even effect for the N-I transitions are likely to be
larger than both the 1,2- and 1,3- substituted dimers. The large alternation in both the 1,2-
and 1.,4- series suggests the Res(OnOCB), dimers have the greatest number of non-linear

conformers in the distribution since changes in parity affect the Ty the least. This should
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give rise to these materials giving the best flexoelastic ratios (so long as the elastic
constants are not sufficiently large). It is of course a pity that these materials are all
monotropic and as such cannot be measured in the pure systems.

Comparing the trends in these results to the phthalate ester disrupted symmetric Schiff-
base dimers shown in Figure 5.4, we see that where the phthalate esters core dimers
showed a small odd-even alternation in the Ty; for only the intermediate 1,3-substitution
isophthalate esters, both the 1,2- and 1,3-dioxybenzene core dimers show an odd-even
effect. It should be noted that the significant difference in mesogenic groups makes any
further comparison irrelevant, however it does show that the phase behaviour of these
types of bent core dimer are affected in a more complicated way than simply the change

in shape caused by the introduction of the aromatic core.

5.5. Conclusions

The synthesis of the 1,2-dioxybenzene and 1,3-dioxybenzene linked cyanobiphenyl liquid
crystal dimers proved to be a challenging task. However, once these materials were made
and satisfactorily purified, understanding their transitional behaviour proved to be even
more difficult. The curious odd-even effect in the melting points and temperature
transitions defied any simple explanation of how, conformationally, the materials
behaved. Similarly these compounds show an odd-even effect in the N-I transitional
entropy demonstrating a considerable difference in the orientational and conformational
ordering between dimers with different parities.

For the Cat(OnOCB), series comparisons with cyanobiphenyl monomers and dimers
showed that, counter-intuitively, the Cat(OnOCB), series behaves most like the
CBONnOCB, i.e. the short chain symmetric dimers. Given that, structurally the CBOnOCB
dimers are significantly smaller than the Cat(OnOCB), analogues this is particularly
surprising. From these comparisons we currently infer that the molecules tend to adopt U-
shaped conformations in the nematic and this appears to fit the behaviour which we have
observed although until more concrete evidence is obtained, remains conjecture.

The Res(OnOCB), series possess similar properties relating to the N-I temperature
transitions. The transitional entropies are easily understood due to the lack of data for
some members of the series. The dominant conformers in the distribution for this series is

even less certain than for the Cat(OnOCB), series. The odd-even alternation is more
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subtle than for the 1, 2-dioxybenzene core dimers and still the series which the
Res(OnOCB), series behaves most similarly to is the CBOnOCB series.

Of the two series the Cat(OnOCB), was the more interesting as it showed some
enantiotropic compared to Res(OnOCB), which were all monotropic. It was unfortunate
that the flexoelastic ratio of these materials could not be determined due to non-
availability of HAN cells at Merck which remained unavailable up to the date of Thesis
submission.

In spite of this, the interesting behaviour of these materials in terms of their transitional
properties and how they might relate to their structure inspired a study on non-symmetric
variants on the 1,2-oxybenzene systems which is continued in Chapter 6 and to some

extent supports the supposition about the U-shaped conformers in the nematic phase.

Note: It came to our attention that there exists work recently published'® '* on 1,2 and
1,3-dioxybenzene dimers (referred to in the papers as trimers). These papers also refer to
a paper published in 2005.' In particular transition temperatures for members of the
Res(OnOCB), series are published and these are in agreement with our results. Their
interpretation of the conformation of catechol dimers in the nematic phase is also that it

forms a U-shaped structure.
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6 Investigating the mesogenic behaviour of a non-symmetric kinked

dimer motifs

6.1 Introduction
The synthesis of the symmetric 1,2- and 1,3-dioxybenzene linked dimers yielded some
interesting results. They provided several unanswered questions concerning the ordering
of the materials, as well as the conformational distribution in the nematic phase which
gave rise, in both series, to an unexpected odd-even effect. As seen in the non-symmetric
conventional dimers considered in Chapter 3, we would expect that altering the symmetry
of the 1,2-dioxybenzene linked materials would have an impact on the melting point and
the liquid crystal phase transitions.' By synthesising two series where the symmetry has
been deliberately destroyed, we shall investigate how the melting points and phase
behaviour is altered. This change in symmetry was achieved by either changing the
position of the core group (the 1,2-dioxybenzene ring) in relation to the end groups by
making the spacer lengths inequivalent, or by keeping the spacer groups the same and

altering one of the mesogenic groups (the options are sketched in Figure 6.1).

Figure 6.1 Sketch of bent core dimers where the chemical symmetry is broken by either changing the
spacer length (left) or altering the mesogenic group (right).

Changing the position of the core group in relation to the end mesogenic groups requires
the total length of the spacer arms (and indeed the empirical formula) to be kept same but
altering the number of carbon atoms in each arm. The total length chosen for this study
was 16 allowing five different combinations of dimer to be synthesised (12-4, 11-5, 10-6,
9-7 and 8-8 already described in Chapter 5). In terms of the difference in the spacer
length we may expect the behaviour of the 8-8 and 12-4 isomers to be the most disparate

with some odd-even alternation corresponding to pairs of odd and even pairs of spacer

arms.
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Based on the results for the CBOnOBF; series detailed in Chapter 3 and that the majority
of the Cat(OnOCB), dimers presented in Chapter 5 were monotropic, the 2,4’-
difluorinated-4-oxybiphenyl mesogenic group was chosen allowing the biggest drop in

melting point with the best stability of the nematic phase.

6.2 Synthesis of monomers

The use of the term ‘monomer’ in the context of this Chapter relates to those compounds
with a single mesogenic group. This includes either monosubstituted catechol by an alkyl
oxycyanobiphenyl (e.g. Cat(OH)(OnOCB)) as well as a bromo-alkyloxydifluorobiphenyl
alkylating agent (e.g. F,BOnBr). These materials are the first stage building blocks on the
way to synthesizing the more complicated non-symmetric, kinked dimers.

In each case either the bromo or the 1-oxy-2-hydroxybenzene groups are not mesogenic
groups in their own right and, similar to the reasons leading to the definition of liquid
crystal dimer and trimers established in Chapter 1, these materials both fall in the

category of monomers.

6.2.1 Catechol based monomers

The first synthesis of the mono-substituted catechols resulted as a biproduct of the
symmetric catechol synthesis and was isolated during purification of these disubstituted
materials. By experience it was found that generally the interaction of the aromatic -OH
group with silica on the column was roughly the same as that for the disubstituted dimers
making purification non-trivial and the quantity and/or purity of the monomers was
sufficiently low that they were unsuitable for use in further reactions. A clean method of
synthesis was required and discovered largely by accident in an attempt to optimize the
yield of the disubstituted catechols.

Following a synthesis route which required deprotonation using potassium fluoride as a
base in acetonitrile,’ the result was exclusively a monosubstituted catechol in spite of
there being 2.2 equivalents of the alkylating agent. The conclusion, subsequently
confirmed by experiment, was that the acetonitrile, at high concentration, was not able to
solubilise the monosubstituted product.

This process was optimised and the mono-alkylation of catechol is now performed using

acetonitrile with an excess catechol and potassium carbonate as a base. The low solubility
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of the mono-substituted catechol in acetonitrile causes the material to precipitate out and
thus halts further alkylation. This reaction has become a useful tool to access non-
symmetric catechol based dimers discussed later. A series of materials were synthesised

(n=4—12) see Scheme 6.1.

0y
:}Z/OH =y @\/o\[\,],o Q
o K,CO,, MeCN, Reflux oH
N

Scheme 6.1 Reaction of catechol with cyanobiphenyloxyalkyl bromide to give the monosubstituted
catechol exclusively.

Generally the syntheses proceeded smoothly giving good yields (available in Chapter 7)

with the exception of n = 4 and 5 which gave yields of 10% and 15% respectively. Here
the mixture of short chain monomer and excess catechol formed an emulsion when
extracted from the quenched reaction mixture. Separation of the product from the
catechol, was therefore, complicated resulting in excessive handling losses.

Although these intermediates were not synthesised for their liquid crystalline behaviour it

was not surprising that there was some evidence of'a monotropic nematic phase in some

members of the series.

Tt Ot
Q0 _ ) N

n Cr N I L, Cr N |
4 = 195 < 164 o 112 = (68) -
5 e 98 - (43) - « 115 - .
6 . 147 s 113« 102 - (58) -
7 e 109 - (60) - s 92 . J
8 < 131 + 114 « 9% o (58) -
9 < 100 - (65) - s 80 - .
10 = 123 . (93) - o 75 o (63) -
11 s 100 ¢ (65) - s 72+ (33) -
12 e 125 o (79) - = 67 o (58) -

Table 6.1 Transition temperatures in °C for the monosubstituted catechol dimer and for comparison those
of the CBOnO2CP.’ 1, denotes the isotropic — glass transition marking the upper limit of the unobserved N
~I transition.

All the materials in the Cat(OnOCB)(OH) series are monotopic (see table 6.1). Most

members were so monotropic that it was not easy to obtain a clear full nematic texture as
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the transition often occurred during crystallisation. The most readily available series for
comparison to these materials was the ortho-cyanophenyl series (CBOnO2CP).” Briefly
considering the phase behaviour, there is an odd-even alternation in the melting points for
the catechol materials which is not seen in the CBOn2CP series (see Figure 6.2). The
overall trend for both series is that the melting points and N-I phase transitions become

smaller as n increases and also that any odd-even effects seen attenuate as n increases.

T /I°C

Figure 6.2 Transition temperatures for Cat(OnOCB)(OH) and CBOnO2CP. Here m denotes Tc, for
Cat(OnOCB)(OH), A denotes Tcyerny for CBOnO2CP, m denotes Ty for Cat(OnOCB)(OH) and A denotes
Txg for CBOnO2CP.

In both series shown in Figure 6.2, the trend in Ty; shows an odd-even effect for larger
spacers (n > 9). Neither series show any enantiotropic behaviour which, given the off axis
dipolar group and the non-mesogenic phenyl group is not surprising. In addition several
examples did not exhibit any liquid crystal phase. It is perhaps curious that the linking
groups containing an odd number of carbon atoms for the catechol based molecules have
a detectable nematic phases whereas for the even examples only the Cr-I transition is
observed. This behaviour is reversed for the 2-cyanophenyl materials. These apparently
contradictory results can be explained by regarding the melting points trends of both
series and then relating them in turn to the respective Ty; transition data. Since both
materials are monotropic, the observation of a monotropic phase will depend on the
degree to which it is possible to supercool. How easily a material supercools will depend

on how readily the material self-seeds in the bulk, the thickness of the film and to what
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degree the surface interactions provide nucleation points. By supercooling the materials
to a point where the material freezes we can obtain an upper limit for Ty;.

The catechol based material shows a pronounced odd-even effect in both the melting and
N — [ transitions. Where n is even the melting points are sufficiently high that
crystallisation is favoured before the material can be supercooled to Ty and thus where n
< 9 only the odd members, with lower melting points, have an observable monotropic
nematic phase. As expected the odd-even effect attenuates as n increases for both melting
and Ty transitions and the melting points decrease with increasing n for both odd and
even members. This attenuation and drop in the melting points allows the observation of
the monotropic phase for n > 9.

For the CBOnO2CP series the melting point trend shows no alternation reducing
continuously as n increases. The liquid crystal phase shows an odd-even effect but this is
much less pronounced compared to the Cat(OnOCB)(OH) series. Again this is only
completely observable when the melting points are low (n > 10). In the case where n <
10, because there is no alternation in the melting point, the nematic phase is only

observed where the Ty is highest which is in the even members.

6.2.2 Examining the role of the hydroxyl group

The role of the hydroxyl group compared to the cyano group clearly influences both the
melting and N — I transitions shown by the differences in the phase behaviour seen in
Figure 6.2. The difference between these behaviours lie in the nature of the
supramolecular contacts. Although some H-bonding contacts would be expected to be
observed from a C=N---H contact (we know this from the short contacts in the crystal
structures in Chapter 5), the H-O--H should be more dominant. The formation of a
supramolecular dimer (two monomers held together by supramolecular contacts) is
unlikely, given their low melting points (compared to that expected for the resulting
supramolecular trimer). However, in crystals the size of the H-bonding contact is
sensitive to the linearity of the contact,’ it is reasonable to assume that this is true in the
nematic phase. Therefore, any major changes to the conformational distribution would
also affect the supramolecular contact as this will influence how linear (and hence strong)

any H-bond formed will be. The expected result would be an increase in the nematic
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stability with stronger H-bonding (so long as the H-bonding interaction promotes a more

favourable length-to-breadth ratio).’

0 0 R Cr N |
[:[ e O OH - 23 . 93 .
R O CN . 75 . 63 .

cN OMe ° 67 ° 46 °

Table 6.2 Transition temperatures of the cyanobiphenyl monomers with n = 10 and three different groups
at position R. (R = CN?)

130
120
110
100
90
80
70
60
50
40

T/ C

R group

Figure 6.3 Transitional temperatures of cyanobiphenyl monomers with n = 10 and three different groups at
position R, where m is T¢, and m is Ty;.

This was tested by synthesising a material with an -OMe group in the 2 position thus
destroying the hydrogen bond (see Table 6.2). As can be seen in Figure 6.3 the melting
point for R = -OH is considerably higher than R = -CN or OMe. This is not surprising as
the system in the crystal is static and the local interactions are fixed at the optimum angle
for hydrogen bonding for Cat(O100CB)(OH). We might not, therefore, have expected
such a decrease in the Ty; since liquid crystal systems are dynamic and change as the
molecules flow.

Interestingly there is a significant difference in the nematic phase stability of nearly
50 °C. This can be rationalised in terms of change in anisotropy, (from molecular
shape/size; OMe > CN > OH) and in terms of electrostatic interaction (OH > CN >
OMe). This means that we might expect Tn; of the hydroxyl compound to be the largest
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by a significant amount. The oxygen contributes the largest electrostatic attraction for the
smallest perturbation in linear shape, the latter being generally considered more important

than the former.

6.2.3 0-(2,4’-difluorobipheny-4-oxy)alkyl-o-bromide alkylating agent
To create the non-symmetric 1-[a-(4’cyanobiphen-4-yloxy)alkyl-w-oxy-]-2-[a-(2,4’-
difluorobiphenyl-4-yloxy)alkyl-m-oxy-]-benzene series described in Section 6.2, an
alkylating agent analogous to the a-(cyanobiphenyloxy)alkyl-m-bromide series had to be
synthesized. This was done in much the same way as for the cyanobiphenyl analogues
using a ten fold excess of the dibromoalkane in acetone with 4-hydroxy-2,4’-
difluorobiphenyl shown in Scheme 6.2.> The members of the series produced were
mostly oils. No members showed any liquid crystalline behaviour even when, in some
cases, cooled to below -20 °C (performed on the DSC rather than on the microscope)

where they underwent an isotropic glass transition.

n mp /°C L,/°C
4 oil

5 oil

6 53

7 oil ~-20
8 53

9 oil -22
10 53

F F
(a)
F OH B Br —— s
b Bl ] oo V=)ol

(a) Acetone (reflux), K,COs, Nal
Scheme 6.2 Williamson synthesis of the a-(2,4’-difluorobipheny-4-oxy)alkyl-w-bromide series.

These materials were somewhat harder to purify than the analogous cyanobiphenyls as
they were far more readily solubilised by the excess dibromoalkane which behaved as an
eluent, moving the product through the column before separation could take place. This
was overcome by distilling off the majority of the dibromoalkane under vacuum and then
separating the remainder by column chromatography. The yields for these materials are
somewhat more modest than those for the cyanobiphenyl analogues owing to the extra

stage in purification; they are found in Chapter 7.
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6.3 Synthesis of novel kinked non-symmetric dimers.

Attempting to synthesize these types of dimer took the chemistry to a slightly more
complex level. From the outset it was unlikely that any materials made were going to
make practically useful flexoelectric materials since they would be likely to be extremely
monotropic. However, the effect of making these changes on the compounds with already
low melting points was attractive as they could potentially have been used with
symmetric kinked dimers to make eutectic mixtures. Also making the comparisons of
these materials to the conventional dimers gave another possible opportunity to try and
elucidate what was giving rise to the peculiar odd-even effect in the transition
temperatures.

This section describes the general synthetic problems surrounding these two sets of novel

materials in an attempt to justify the methods described in the Experimental section.

6.3.1 Details of the synthesis

It was found that synthesis of the non-symmetric dimers tended to require the use of a
stronger base to deprotonate the remaining phenolic proton. Although it was shown that
excess potassium carbonate or caesium carbonate would deprotonate the remaining
hydroxyl group of the mono-substituted catechols, it was found that sodium hydride gave
better yields using a smaller excess. There is a literature precedent’ for using carbonate in
these types of non-symmetric catechol substitutions, but this was only available a
considerable time after the synthesis of these materials had been completed. Potassium
hydroxide has been reported to work'” in similar materials however sodium hydride was
used as the base of choice for these reactions as it acts in an entirely non-nucleophilic
fashion. The disadvantage is that these reactions were moisture sensitive and the hydride
had to be activated by removing the mineral oil by continual washing with petrol under
dry nitrogen.

The number of solvents which were available and known to solubilise both the starting
materials and products were limited. Butanone and acetone could not be used as they
polymerise in the presence of hydride. THF was shown to give modest yields but the
solvent of choice was still DMF which both solubilised the materials and had a boiling

(or rather decomposition) point higher than other solvents available allowing the reaction
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to be conducted at temperatures of 100 °C whilst also being relatively easy to remove
under vacuum after the reaction (unlike the remaining candidates which included
cyclohexanone and DMSO). The only disadvantage of DMF was the necessity to keep
the solvent dry for use with hydride. Vacuum distillation was the most likely option
although the use of excess sodium hydride in fresh HLPC grade DMF, degassed by dry

nitrogen, gave comparable results with a less cumbersome preparation being required.

6.3.2 Cat(OmOCB)(OnOCB)

The aim of this synthesis was to make a short series of materials where the catechol unit
effectively moved down the chain with the total spacer length remaining the same. Thus
each member of the series (other than n = m = 8) was synthesized under the conditions

shown in Scheme 6.3.

O OO e
OH N NaH, Nal, DMF,100°C@°$%LN

Scheme 6.3 Reaction scheme for non-symmetric catechol [Cat{OmOCB) OnOCB)] dimers where the two
spacer lengths are inequivalent and the total number of carbon atoms of m and n add up to 16.

m n Yield
%
12 4 10
11 5 51
10 6 46
9 7 16
8 8 68

Table 6.3 Yields for Cat(OmOCB)(OnOCB) where m and n represent the spacer lengths as shown in
Scheme 6.3. Quantities produced from the synthesis are given in Chapter 7.

The yields from these reactions, shown in Table 6.3, were moderate to low, particularly
for m = 12 and 9. The reason for this is unclear as there seemed very little unreacted
material after the reaction and no other spots were observed by TLC other than product
and some baseline material. By NMR of the crude product there was neither evidence of

the alkyl bromide undergoing elimination nor any other significant side reaction.
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6.3.3 Cat(OnOCB)(OnOBF,)

Synthesis of the non-symmetric kinked cyanobiphenyl fluorobiphenyl dimer was
completed similarly to that described in Section 6.2.1.1. The corresponding a-(2,4’-
difluorobipheny-4-oxy)alkyl-ow-bromide was added and the reaction conducted under the

conditions shown in Scheme 6.4.

@/o\{\%o O 8"H:°F @\/OHO Q
OH N NaH, Nal, DMF, 100°c  O}-0 N

Scheme 6.4 Reaction scheme for the preparation of the non-symmetric catechol dimers [Cat
(OnOCB)(OnOBF;] where the two mesogenic groups are inequivalent.

n Yield
Y%
24
38
48
30
30
49
21
23

o O NN

—
—

Table 6.4 Yields of the non-symmetric dimers Cat(OnOCB)(OnOBF;) shown in Scheme 6.4.

Product yields were generally poor with no reaction giving better than 50% yield. The
starting materials were all pure by NMR that is to 5%, so contaminant in the starting
material is an unlikely explanation for the poor yields. There was still excess sodium
hydride present when the reaction was quenched and there was no bi-product which
could be detected either by NMR or by TLC. There was significant discolouring of the
product (brown) which was removed by column chromatography; this could have been a
result of degradation of the reactants. Thermal degradation of the product is unlikely as
none of these materials decomposed on the microscope slide and there was no evidence

such moieties undergoing this extent of chemical attack under these conditions.



6.3.4 Analysing the molecular characterization

Characterising these materials both to identify them and to determine their purity was
often very difficult. Identifying the materials themselves was often best done by mass
spectroscopy where the monotropic mass could be identified uniquely. This said, the
molecular mass of all the materials in the Cat(OmOCB)(OnOCB) series are identical
since they are structural isomers. In their NMR and IR spectra, this series showed almost
no differences between them, only the *C spectra showed slight differences in the carbon
signals originating from atoms in the chains based on the lack of symmetry. The best
characteristic indication of which material had been made, came from the Ty which, as
we shall see, did alternate with changing position of the core group. Identification of the
members of the Cat(OnOCB)(OnOBF,) series was much more straightforward as both
mesogenic groups gave sufficiently different signals in the 'H and *C NMR spectrum
that each group could be identified unambiguously.

The most common impurities seen in these materials are the unreacted starting materials.
Both starting materials can be easily identified by '"H NMR (although quantifying the
impurity is often less straightforward). The alkylating agent can be seen from the triplet
peak coming at ~3.5 ppm corresponding to the protons adjacent to the bromine atom. The
mono-substituted catechol gives a multiplet at ~6.7 ppm (data found in Chapter 7) which
corresponds to the four protons on the catechol aryl group itself. Even in non-symmetric
dimers, the protons on fully substituted catechol dimers give these protons as an
unresolved singlet using a 400 MHz spectrometer. This result is consistent with results
from predictive NMR programs.

Each compound gave NMR spectra with peaks consistent with the identification of the
intended product and showed no impurities to an accuracy of 95%. IR and mass spectra

supported these conclusions on identification and purity based on the NMR data.

6.4 Analyzing the physical data for Cat(OnOCB)(OmOCB)

Analysing the physical data of these materials led to the discovery of an interesting
property in both of these non-symmetric series. Many of these materials were observed to
supercool over very large ranges and several show a large number of two brush defects

which thought to be indicative of a biaxial nematic. Another test for the identification of
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this phase is the size of the AS/Ry; which should be particularly small if the nematic

phase is biaxial.

6.4.1 Optical microscopy
Optical microscopy was used for these materials to examine their optical textures and to
determine their phase behaviour. The samples were set up in much the same way as
described in previous chapters, that is the solid was mounted on a cover slip, melted and
another cover slip placed on top to produce a thin film. This was then examined on a

microscope and viewed between crossed polarisers.

Figure 6.4 All optical texture pictures were taken on cooling showing the nematic phases
Cat(O90CB)(0O70CB) taken at 77 °C, 0.97Ty; (top left); Cat(O100CB)(O60CB) taken at 89 °C, 0.93Ty;
(top right); Cat(O110CB)(O50CB) taken at 78 °C, 0.98Ty; (bottom left); Cat(O120CB)(040CB) taken at
89 °C, 0.94Ty; (bottom right).

There were many similarities in the behaviour of these materials; their phase behaviour is

discussed in full later. The Cat(OmOCB)(OnOCB) dimers all showed a thread-like
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optical texture characteristic of a nematic, this is not always well captured by the camera
as the threads are fine and not easily brought into focus (see Figure 6.4). Each of the
materials flashed when pressure was applied to the cover-slip close to Ty (i.e. when the
liquid was less viscous and less well ordered). Some materials, had a distinctly more
pronounced schlieren texture than others (e.g. m/n = 11/5 and 12/4). These optical
textures were a mixture of two- and four-brush defects in all cases. Each material
supercooled by some considerable margin (noted in Table. 6.5) and remained as a viscous
liquid even after the application of considerable mechanical stress. This included pressing

the slides together using a spatula and even rubbing the coverslips together off the

heating stage.

6.4.2 Phase behaviour
Regrettably, given what is known about the phase behaviour of the symmetric
Cat(O80CB); dimer it was unlikely that any of the other materials were going to exhibit
enantiotropic phases. However, there are several interesting features about this series
given that they are isomeric. Included in the data in Table 6.5 are the temperatures at
which the materials crystalise on cooling under the conditions used to observe the

material with the optical microscope.

m n Cr N 1 Crystallise
8 8 ° 126 ° 118 ° 101
9 7 ° 107 ® 89 e 59
10 6 ° 124 ° 118 ° 56
11 5 ° 99 ® 85 ° ~25
12 4 ® 121 e 111 e <25

Table 6.5 Transition temperatures in °C for non-symmetric and symmetric dimers Cat(OmOCB)(OnOCB)
where n + m = 16. Temperature of <25 °C indicates samples which supercooled to room temperature (taken
to be 25 °C) and remained in the nematic phase for several hours.

As described earlier, the degree of supercooling is very much dependent on the
conditions. There is generally a trend that the greater the difference in arms lengths, the
greater the super cooling range and the harder it is for the material to crystallise even at
these low temperatures. It should also be noted that for m = 11 and 12, these cells were
subject to mechanical stress (moving the slides and pressing down on the sample with a

cover slip and still crystallisation did not occur). After several minutes m = 11, n =5



formed a nematic glass whereas m = 12 was still a liquid crystal after several hours.
Crystallisation occurred when the sample was left at room temperature over night. The
difference in time to crystallise between the 11/5 and 12/4 dimers is not surprising as it
can be imagined that mis-matching the different spacer lengths makes forming the crystal
harder resulting in the observed supercooling.

The phase behaviour is also interesting (see Figure 6.5) Here we see an odd-even
alternation in both the melting and N — I transition as a result of simply moving the
catechol moiety along the chain. If we understand the structure to be U-shaped as
described in Chapter 5, then this odd-even effect is not surprising since the parity of both
chains is the same even if the lengths are different. In that respect the non-symmetric
molecules with different parity find themselves in a geometric environment which would
be very similar to that of the symmetric case and so should generally behave in similar
way, i.e. 9/7 and 11/5 both have odd parity arms and as such are expected to (and do)
give a lower Ty; than 10/6 and 12/4 which have even parity. The differences would be
expected to come in the temperature of melting and N-I transition and this is the case. For

the even dimers, the more non-symmetric the material becomes, the lower Ty; and Ty

become.

130
125
120
115
110
105
100
95
90
85
80

T /°C

8 9 10 11 12

m

Figure 6.5 The transition temperatures of Cat(OmOCB)(OnOCB) as a function of the spacer length where
m denotes T¢; and m denotes Ty

However, the difference between 8/8 and 12/4 dimers is still not very large and is

certainly smaller than the effect of changing the parity. Thus we can conclude that the
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effect of the different conformational shape caused by changes in the spacer parity is
much greater than significant changes in symmetry of the molecule, i.e. by changing the

position of the 1,2-dioxybenzene linker with respect to the mesogenic end groups.

6.4.2.1 Comparing these results with the symmetric dimers

[Cat(OnOCB);|
There are three interesting questions which arise from the data:
o What happens when m is even and n is odd?
o How do these results compare to those for the symmetric dimers?
° Can the phase behaviour be replicated by mixing the appropriate symmetric
dimers?

The first question cannot be well answered. Time did not allow an in depth study to be
made although one sample of 10/5 was made in poor yield and with impurities. This not
withstanding, we know the difference in Tx; between 8/8 and 10/6 is very small so it is

reasonable to compare 10/5 with 7/7 and 8/8 as shown in Table 6.6 and Figure 6.6.

m/n Cr N I
7/7 ° 80 ° 89 °
10/5 ° 112 ° (103) °
8/8 ° 126 ° (118) °

Table 6.6 Transition temperatures in °C for Cat(OmOCB)(OnOCB) where n + m = 14 - 16

130
120
110
< 100
90
80
70

717 10/5 8/8

m/n

Figure 6.6 Transition temperatures for the three compounds listed in Table 6.6, where m denotes Ty; and m
denotes Tener-

The interesting feature shown in Figure 6.7 is the linear increase in Ty; with increasing

spacer length. Also it is important to note that this is the first truly ‘odd’ dimer which has
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been studied (odd because the sum of the length of the two arms has an odd parity) and
that Ty is above that of the 7/7 dimer.

Another interesting comparison would be to see the effect of increasing n whilst keeping
m constant and comparing this to the corresponding dimers. This was done with a short
series of 10/n dimers where n = 4, 5 and 6. The data is given in Table 6.7 and displayed
graphically in Figure 6.8

m/n Cr N I
10/4 ° 110 ° 117 °
10/5 ° 112 ° (103) °
10/6 ° 124 ° (118) °

Table 6.7 Transition temperatures in °C for Cat(OmOCB)(OnOCB) where m =10 and n =4 — 6.

125

115
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10/4 10/5 10/6
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Figure 6.7 Melting points and N-I transition temperatures for the materials in Table 6.7. Where m denotes
Tni, m represents Tenen and A denotes Ty for the corresponding length of symmetric dimer, m/n = 7/7 and
8/8 (i.e. n=m).

Although not much can be gleaned from a series with just three members, we see that
there is what appears to be an odd-even effect in Ty; as n increases. Also there is a clear
difference between m/n = 10/4 and m/n = 7/7. This suggests that the effect of two even
spacer groups, even though they are non-symmetric, results in a higher Ty; because the

mesogenic units are more co-linear with the molecular long axis.
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The melting points show a moderate increase as n increases. This is not surprising as we
can assume that molecular packing in the crystal becomes easier the more similar the
length of the arms.

Comparing the n + m = 16 non-symmetric series with the 1,2-dioxybenzene dimers has
been done by plotting the transition temperatures for Cat(OmOCB)(OnOCB) against
those for Cat(OmOCB), and Cat(OnOCB),. The comparison of the melting points is
shown in Figure 6.9 and N — I transitions in Figure 6.8.

Considering Ty; for the symmetric and non-symmetric dimers (see Figure 6.8) once again
we see that there is very different behaviour for the odd members compared to the even
dimers. Looking at the even dimers we see that the symmetric examples show an
increasing dissimilarity as the difference in m and n gets bigger. The Ty; for the non-
symmetric dimers appear to be the mean of those for the symmetric Tys for 10/6 but in
the case of 12/4 clearly the longer spacer group is dominating here. This is understood

simply because Ty; of the 12/4 is significantly closer to that of Cat(O120CB); rather than
Cat(O40CB),.
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Figure 6.8 The N-I transition temperatures for non-symmetric 1,2-dioxybenzene dimers against the long
and short chain symmetric analogues. Where m denotes Ty; for Cat(OmOCB)(OnOCB), ¢ denotes Ty; for
Cat(OmOCB), and A represents Ty; for Cat(OnOCB),.

Taking the suggested idea that the dimers tend to form U-shaped conformers in the

nematic, we would see that the shorter spacer has much less rotational freedom due to the
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proximity to the longer arm. It is not unreasonable to assume that the absence of the
mobility in the shorter chain will result in behaviour dominated by the longer chain.

Therefore we would expect, hypothetically, the dimers 11/4 and 12/4 to be more similar
in their respective behaviours to the symmetric analogue of the longer arm; that is 11/11
and 12/12. Whereas if n were longer, for example, 11/10 and 12/10, we would expect to
be closer to the mean of the two symmetric dimers. Where the odd members are

concerned the T is slightly lower than T and T}, analogues. This can offer some

insight to the nematic environment for the odd systems since subtle changes in shape
appear to affect the stability of the phase more than for members with an even parity. It
suggests the odd members have a nematic phase whose stability is far more sensitive to

changes in shape.
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Figure 6.9 Melting transitions for non-symmetric 1,2-dioxybenzene dimers as a function of the long and
short chain symmetric analogues. Here m denotes T¢y Cat(OmOCB)(OnOCB), ¢ denotes T¢y for
Cat(OmOCB), and \ denotes T¢y for Cat(OnOCB),.

Considering the melting points, we see there is a more substantial difference between the
two symmetric systems (see Figure 6.9). The smaller chain members have a much higher
melting point allowing access to the very monotropic nematic transitions for n = 4 and 5.
It is interesting to note that the melting points in the non-symmetric series seem to mimic

that of the longer chain analogues rather than the shorter chain examples. There is a slight
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increase in the melting point but generally there is an odd-even effect which is similar in
nature to that of the Cat(OmOCB), examples (with the exception of m/n = 9/7).

This is potentially of great benefit as it appears to suggest that making a large disparity
between the lengths of the spacer chains results in a slight increase in Ty; without a large

increase in the melting point and a very long supercooling range.

6.4.2.2 Examining the phase behaviour of mixtures of symmetric dimers

We can examine the effect by mixing two of the component symmetric materials and
examining the resultant mixture under the microscope to determine the transition
temperatures. The mixture was made by measuring out equal quantities (by mole) of each
of the symmetric dimers and then mixing them by dissolving them first in DCM, mixing
and then allowing the solvent to evaporate. The solid was then heated into the less
viscous isotropic phase using a hot air gun and mechanically mixed by gentle shaking.
The mixture was allowed to cool to room temperature when a solid was formed. This was
then examined under the microscope under normal conditions described in the optical
microscopy section.

Using a sketched diagram of a binary mixture of varying compositions melting giving
mixtures of crystal and/or nematic we can see that at some composition mixture there will
be heated through a eutectic point where the two crystal phases melt directly into the
nematic (or indeed the reverse; shown in Figure 6.10) or isotropic if the mixture is
monotropic (see Figure 6.11).

Figures 6.10 and 6.11 show the two extremes where Ty; for the mixture is either
completely enantiotropic or monotropic regardless of the composition. This, of course,
does not have to be the case, but makes the point without the diagram having to appear
overly complicated. Bearing this in mind, unless at the eutectic point, there will always

be effectively two melting points corresponding to one crystal and then the other.
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Figure 6.10 Phase diagram of a two component mixture which melts into a nematic at the eutectic point.
Percentage compositions ranges from 0 — 100% of A, left to right. Note the eutectic point varies depending
on the properties of the components (T, and AS,,;) and does not have to be at equimolar composition.
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Figure 6.11 Phase diagram of a two component mixture which melts into the isotopic. Percentage

compositions ranges from 0 — 100% of A, left to right. Note the eutectic point varies depending on the
properties of the components (T, and AS,,;)and does not have to be at 50% composition.
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In order to avoid confusion, all plots of melting points will show both transitions in
different shades of grey where the darker will always be the transition into I or N. m will
always be taken as the larger spacer number in the composition (e.g. m/n = 10/6) and,
although the eutectic point is not known, based on microscope observations we can
assume that the diagram in Figure 6.12 is essentially valid. (Note that for mixtures 11/5

and 12/4 the mixture melts into the isotropic phase.)
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Figure 6.12 Sketch of the phase diagram for mixtures of symmetric 1,2-dioxybenzene dimers where m
represents the long chain dimer and n the short chain. The eutectic point is unknown but assumed, from
microscopy observations, to be where the composition has more of the long chain dimer.

From this understanding we can examine the phase behaviour at an equimolar
composition. The transition temperatures are given in Table 6.8 followed by a table of
Tni (Table 6.9) and a table of Tean/Ten (Table 6.10) which includes data for the pure non-

symmetric and symmetric systems for comparison.



m/n Cr, Cr, N 1 Crystallise
3 ® 126 o 126 o (118) ° 101

9/7 ° 56 ° 83 ® 89 ® <25

10/6 ° 109 ° 116 ° 119 ° 69

11/5 o 94 ® 134 ° (85) e 43

12/4 ° 144 ° 159 ° (94) ° 62

Table 6.8 Transition temperatures (in °C) for the equimolar mixtures Cat(OmOCB),/Cat(OnOCB),. Here
m represents the longer chain length and n the shorter and Cr,, denotes the melting point of Cat(OmOCB),
and Cr,, the melting point of Cat(OnOCB)s.

m/n Cat(OmOCB)YOnOCB)  Cat(OmOCB), Cat(OnOCB), Mixture
9/7 (89) 87 89 89
10/6 (118) (110) 126 119
11/5 (85) 2] (%94) (85)
12/4 (111 (102) (140) (94)

Table 6.9 Comparing the N - I transitions (in °C) for the pure non-symmetric and symmetric 1,2-
dioxybenzene dimers and the equimolar mixtures Cat(OmOCB),/Cat(OnOCB),. Here m represents the
longer chain length and n the shorter.

Mixture Mixture

m/n Cat(OmOCB)(OnOCB)  Cat(OmOCB), Cat(OnOCB), Cr, Cr,
9/7 107 75 80 56 83
10/6 124 113 120 109 116
11/5 99 89 139 94 134
12/4 121 113 174 144 159

Table 6.10 Melting transitions (in °C) for the pure non-symmetric and symmetric 1,2-dioxybenzene dimers
and the equimolar mixtures Cat(OmOCB),/Cat{(OnOCB),. Here m represents the longer chain length and n
the shorter and Cr,,, denotes the melting point of Cat{OmOCB), and Cr, the melting point of Cat(OnOCB)..

Examining the results in Table 6.8 we see that in two cases the nematic phase is
enantiotropic. In the case of 9/7 this is not surprising as the nematic phases of both
materials are enantiotropic. However, for 10/6 although Ty; of the mixture has fallen
compared to the symmetric dimer n = 6, the melting point has fallen sufficiently for the
material to be enantiotropic. It should also be noted that the supercooling range was
vastly increased as a result of mixing these materials. This behaviour is similar to that
observed for the pure non-symmetric systems although crystallisation does tend to occur

more readily in the mixtures for these.



Table 6.9 shows the Ty; for the pure non-symmetric and symmetric systems as well as the
equimolar mixtures and here we can see the similarity between the pure non-symmetric

dimers and the mixtures of symmetric dimers.
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Figure 6.13 Ty as a function of spacer length for the pure non-symmetric Cat(OmOCB)(OnOCB) and the
equimolar mixture Cat(OmOCB),/Cat(OnOCB),. Here m represents Ty; for the mixture and A represents
Ty for the pure non-symmetric dimers.

This similarity is seen more clearly when the transition temperature is plotted, as in
Figure 6.13, however, we can see that there is almost no difference between the pure and
mixed systems until the 12/4 dimer where the disparity between the arms is much larger.

Table 6.10 compares the differences in the melting points and these are plotted in Figure
6.14. Here we have two melting points for the mixture where Cr, probably corresponds

more to the dissolution of the crystal in the molten Cry, than an actual melting.
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Figure 6.14 Melting point as a function of spacer length for the pure non-symmetric
Cat(OmOCB)(OnOCB) and the equimolar mixture Cat(OmOCB),/Cat(OnOCB),. Here m represents the
Crp-N/Cry,-1 transitions and A the Cr,-N/Cr,-I transitions for the mixture and ¢ represents Cr-I transitions

for the non-symmetric dimers.

However, what is striking is the lack of an odd-even alternation in Cr,. This is perhaps
due to the higher melting, shorter dimer simply dissolving at increasingly higher

temperatures as n became smaller given the similarity in molecular structure.
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Figure 6.15 Ty as a function of spacer length for the equimolar mixture Cat(OmOCB),/Cat(OnOCB), and
the pure symmetric dimers Cat(OmOCB), and Cat(OnOCB),. Here m represents Ty; for the mixture, O
represents Ty for the pure Cat(OmOCB), series and A Ty; for the pure Cat(OnOCB), series.

The Ty transitions for the equimolar mixtures compared to Ty for the pure symmetric

components naturally look very similar to that of the pure non-symmetric systems. As
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such analysis of this data can be brief. The expectation of a mixture would be that the Ty
should be the average of the two components weighted by the % composition. Since the
components are in a 1:1 ratio we could expect the Ty to simply be the mean of the
component Tyis. Within experimental accuracy, this appears to be case for 9/7 and 10/6,
the relationship however breaks down for 11/5 and 12/4 where the difference between the
spacer lengths becomes larger.

In both pure non-symmetric dimers and the corresponding symmetric dimer equimolar
mixtures we see a general trend in the Ty; where the more similar the length of the arms,
the more closely the materials behave as would be expected, i.e. as an average of the two
spacer arms. Deviation from this average of the two pure symmetric systems is apparent
for m/n = 11/5 but even more striking for m/n = 12/4. In the latter case, the spacer lengths
are so disparate that Ty for the non-symmetric dimer and the symmetric mixture become
markedly different. Here the differences of shapes in the conformational distribution of
the two components of the mixture appear to become enough to destabilise the nematic,
but not enough to initiate phase separation at the Ty transition. We can further comment
on this by studying the change in entropy at the nematic — isotropic transition and

comparing it to that of the non-symmetric and the symmetric systems (see Section 6.3.3).
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97 10/6 11/5 12/4
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Figure 6.16 Melting points for the equimolar mixture Cat(OmOCB),/Cat(OnOCB), and the pure
symmetric dimers Cat(OmOCB), and Cat(OnOCB), as a function of spacer length. Here A represents the
first melting point for the mixture (Cr, in Table 6.10), m represents the second melting point for the
mixture (Cr, in Table 6.10), A represents T¢, for the pure Cat(OmOCB), series (Table 6.10) and o Ty; for
the pure Cat(OnOCB), series (Table 6.10).
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Figure 6.16 shows two pairs of very similar trends. Considering the phase diagram of the
mixture in Figure 6.12, we can see that the higher melting point of the mixture should be
related to the melting point of the shorter spacer length and a lower melting point.
relating to the longer spacer length. It is not surprising, therefore, to see that the second
melting point in the mixture, Cr,, relates very closely to the Cat(OnOCB), symmetric
dimer melting points. It is less clear why the mixture Cr, melting transition temperatures
should increase in an almost perfectly linear fashion. This could perhaps be answered by
determining the exact and complete phase diagram. Since there was not enough material
to make measurements, this trend will have to remain a curiosity and unexplained.

A brief study of how changing the composition of Cat(O40CB), in Cat(O120CB),
affects the Ty; for the mixture showed an unexpected result. The Ty;and mol fraction for

Cat(O40CB); are given in Table 6.11 and these results are plotted in Figure 6.17.

%/% 12/4 mol fraction T
100/0 0.00 101
75/25 0.25 74
50/50 0.50 93
25/75 0.75 118
0/100 1.00 139

Table 6.11 Ty; for mol composition of mixtures of Cat(O40OCB), in Cat(O120CB), with the corresponding
mol fraction of Cat(O40OCB), for each composition.
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Figure 6.17 The composition dependence of Ty; for a mixture of Cat(O40CB), in Cat(O120CB),. The
composition is written in increasing proportion of Cat(O40CB),.
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Theory predicts that for a binary mixture of rod-like mesogens increasing Tn; for the
mixture should exhibit a linear dependence on composition."" From Figure 6.17 we can
see that from x = 0.25 the increase in Ty is linear, however the drop in Ty from x = 0 to
x =0.25 is unexpected and it is unclear why this should be. The difference in Ty; for pure
Cat(O120CB), and the value extrapolated from the linear portion of the plot is over
50 °C which is well outside any experimental error. A more thorough investigation of
compositions between x = 0 and x = 0.25 would show how quickly the drop in Tn; occurs

and may give some clue as to why this should happen.

6.4.3 Entropies of transition for Cat(OmOCB)(OnOCB) dimers
The transitional entropy for the kinked dimers with the unsymmetric spacer lengths are
given in Tables 6.12 and 6.13. These include data for the Cat(OmOCB)(OnOCB) where n
+m = 16 and Cat(O100CB)(OnOCB) where n =4 — 6.

m/n  AHcn/ kimol'  ASc/R  AHy/ kJmol'  ASy/R

12/4 65.9 20.6 7.53 2.36
11/5 56.8 18.5 1.41 0.47
10/6 63.3 19.3 4.8 1.49
9/7 64.7 21.2 1.30 0.43
8/8 50.8 15.8 4.92 1.53

Table 6.12 Transitional entropies for the Cat(OmOCB)(OnOCB}) series where n +m = 16.

m/n  AHy/kJmol' ASc/R  AHy/ kdJmol'  ASy/R

10/4 47.5 15.0 4.10 1.27
10/5 67.0 21.1 2.19 0.73
10/6 19.3 4.8 1.49 1.49

Table 6.13 Transitional entropies for the Cat(O100CB)(OnOCB) series.

We can see that, generally, the magnitude ofithe N-I transitional entropy is a little lower
than that for the conventional symmetric cyanobiphenyl dimers (which are approximately
2 — 2.5 for even members and 0.6 — 1.2 for odd members). We know that the symmetric
Cat(OnOCB); series give an odd-even effect in the transitional entropy and this is also
the case for the Cat(OmOCB)(OnOCB) and the Cat(O100CB)(OnOCB) series.

Comparing the results for the Cat(OmOCB)OnOCB) series to the symmetric

Cat(OmOCB); series (the longer spacer lengths) we can see that for the odd members
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ASn/R is almost the same whereas for the even members there is a considerable
difference becoming more disparate as the difference in spacer lengths increases (see

Table 6.13).

AS/R

1.0

0.5

0.0
12/4 11/5 10/6 917 8/8

m/n

Figure 6.18 The N-I transitional entropies for Cat(OmOCB)(OnOCB) and Cat(OmOCB), as a function of
spacer length. Here, m denotes ASyy/R for Cat(OmOCB)(OnOCB) and A denotes ASyy/R for Cat(OmOCB),

Looking at just the non-symmetric dimers we can see that AS/R is very much higher for
the 12/4 dimer compared to any of the others (see Figure 6.18). This is unusual as it is
slightly higher than the 12/12 and, as we shall see, also larger than the 4/4. It is unclear
why this compound should be better ordered in the nematic than either of the symmetric
dimers. The group exhibits an odd-even alternation in AS/R which for m/n = 11/5
through to 8/8 the alternation remains constant which is not surprising given that the only
structural change corresponds to the 1,2-dioxybenzene core being at different positions
along the chain.

Theory predicts that for conventional dimers the longer the spacer the more the
transitional entropy should increase (i.e. for odd members or for even). Conversely we
should, therefore, expect that for the same length chain there would be no difference in
the transitional entropy. This lends support for the view of there being a distinct
configurational difference between the odd and even dimers we can speculate that this

difference may have an impact on the orientational order. We would expect then that,

within experimental error, the Cat(OmOCB), series would steadily increase their N-I
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transitional entropy with increasing spacer length whereas the non-symmetric dimers
should remain the same and, with the exception of 12/4 this is the case. If we now
compare the shorter chain symmetric dimers, Cat(OnOCB), we might expect the reverse
to be true. ASni/R for the symmetric dimers should increase with spacer length whereas
that for the non-symmetric dimers should remain the same and, as seen in Figure 6.19

this is the case.
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Figure 6.19 The N — I transitional entropy for Cat(OmOCB)(OnOCB) and Cat(OmOCB), as a function of
spacer length. Here, m denotes ASyy/R for Cat(OmOCB)(OnOCB) and A denotes ASyy/R for Cat(OmOCB),

It is interesting to note that in the case of both the m/n = 9/7 and 12/4 non-symmetric
dimers have a larger entropy of transition than either of the symmetric dimers.

The entropies of transition were also determined for the mixtures of dimers and these are
compared to the pure non-symmetric dimer series. The values for the transitional
entropies are given below in Table 6.14. Where two melting transitions were recorded the
entropy for the second melting transition is given. This was not always possible as

sometimes the melting points were so close together that they gave a single broad

exotherm.
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m/n  AHc g/ kJmol'  ASc/R  AH(p/ kJmol AScron/R AHy/ kdmol'  ASy/R
12/4 38.3 12.4 25.2 7.2 2.60 0.86
11/5 27.9 8.9 154 4.7 1.97 0.66
10/6 31.7 11.2 None observed None observed 1.47 0.49
9/7 39.8 12.6 None observed None observed 3.44 1.07
8/8 50.8 15.8 None observed None observed 4.92 1.53

Table 6.14 Transitional entropies for the equimolar mixtures Cat(OmOCB),/Cat(OnOCB),.

The most important result is that no odd-even effect is observed in the mixtures. This is

surprising as we have mixtures of two even dimers or odd dimers. Based on our previous

observations, we might have expected that the transitional entropy would show some

odd-even behaviour as the ordering of each of the individual components shows such an

alternation as can be seen in Figure 6.19.
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Figure 6.20 The N-I transitional entropy for the equimolar mixture of Cat(OmOCB),/Cat(OnOCB),,
Cat(OmOCB), and Cat(OnOCB), as a function of spacer length. Here m denotes ASy/R for the mixture, A
denotes ASyi/R for Cat(OmOCB), and A denotes ASy/R for Cat(OnOCB);.

Comparing the mixtures with the pure analogues we see that there appears to be very

little correlation between the values for ASy/RP*™® and ASny/R™* except for m/n = 11/5.

Comparing these mixtures to the pure non-symmetric 1,2-dioxybenzene dimers we see

that there is again little correlation between them (see Figure 6.21).
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Figure 6.21 The N-I transitional entropy for the equimolar mixture of Cat(OmOCB),/Cat(OnOCB),, and
Cat(OmOCB)(OnOCB) as a function of spacer length. Here m denotes ASy/R for the mixture, A denotes
AS\i/R for Cat(OmOCB)(OnOCB).

Finally, we give a brief examination of how the entropy of transition alters with changes
in the proportion of the two dimer constituents. Using the most extreme case (namely,
m/n = 12/4) where the difference in melting points and N-I transition for the two
components is greatest, we have prepared binary mixtures ranging from pure m = 12 to

pure n = 4 in 25% increments. The data is given in Table 6.15.

12/4 AHy/ kdmol”  AScn/R AHy/ kdJmol”  AScon/R  AHy/ kJmol!  ASy/R

100/0 88.4 27.7 N/A N/A 3.29 2.20
75/25 57.0 18.5 6.96 2.07 2.60 0.80
50/50 383 12.4 25.2 7.2 2.60 0.86
25/75 20.0 6.5 54.1 14.9 2.58 0.80
0/100 54.2 14.5 N/A N/A 6.97 0.96

Table 6.15 Transitional entropy for Cat(O120CB),/Cat(O40CB), at various compositions.

The data shows that the addition of a small amount of the Cat(O40CB), to
Cat(O120CB); has a dramatic effect, but adding further amounts of the short chain dimer
makes little change. It would clearly be interesting to investigate the change in ASyi/R on
adding increasingly smaller amounts of Cat(O40OCB)s.

We can see the massive decrease in ASny/R for 100/0 to 25/75 in Figure 6.23. Any
subsequent variation in transitional entropy falls within experimental error (taken to be

10%) shown by the error bars in the Figure.
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Figure 6.22 Composition dependence of the transitional entropy for Cat(O120CB),/Cat(0O40CB), with
changing composition. The composition is measured as %mol/%mol of 12 and 4 dimers. Error bars show a
10% error in the data normally assumed for DSC measurements.

Theory predicts that for an ideal binary mixture of A and B, where the difference in Ty
for the two components is quite large, as the mole fraction of B increased there would be
a sharp drop in transitional entropy for N — I transition followed by a steady increase to
the value of ASxy/R for pure B."" This is for an ideal system and from looking at the Ty
(see Figure 6.23) we can see that the mixtures are not behaving ideally in that the pure
Cat(O120CB), ASny/R drops sharply when 25% of Cat(O40CB), is added and then

steadily climbs in a linear fashion (as expected).

160
140
120
®)
=~ 100 ¢
=

80

40
0 20 40 60 80 100

%mol composition of Cat(O40CB),

Figure 6.23 Ty, transitions in °C for mixtures of Cat(O120CB), and Cat(O40OCB), plotted as a function of
concentration of the n = 4 dimer.

327



6.5 Analyzing the physical data for Cat(OnOCB)(OnOBF2)

6.5.1 Optical Microscopy

The optical textures were measured for these materials to determine their phase behaviour
and determine the transition temperatures (see Figure 6.24). The materials were set up in
much the same way as described in previous chapters, that is the solid was placed on a
cover slip, melted and another cover slip placed on top to produce a thin film. This was
then studied on a microscope and viewed between crossed polarisers.

These materials were also very easily supercooled and remained in the liquid state after
pressure was applied to the slides as described previously. All the samples showed typical
nematic textures which were very small and only properly seen under high magnification.

In all other respects these samples behaved identically to the Cat(OmOCB)(OnOCB)

series.
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Figure 6.24 All optical texture pictures were taken on cooling, showing nematic phases
Cat(O40CB)(040BF,) taken at 57 °C, 0.92Ty; (top left); Cat(O60CB)(O60BF,) taken at 35 °C, 0.88Ty;
(top right); Cat(O80OCB)(O80BF,) taken at 41 °C, 0.90Ty; (middle left); Cat(O9OCB)(O90BF,) taken at
25 °C, 0.97Ty (middle right); Cat(O100CB)(O100BF,) taken at 25 °C, 0.87Ty; (bottom left);
Cat(O110CB)(O110BF,) taken at 25 °C, 0.91Ty; (bottom right).
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6.5.2 Phase behaviour
This section deals with the phase behaviour of 1,2-dioxybenzene dimers which have the
same spacer length but different mesogenic groups. As mentioned previously, the
knowledge of the nematic stability of the CBOnOBF; series and the Cat(OnOCB), series
suggests that these compounds will be monotropic and this is indeed the case. In a couple
of cases (n = 5 and 7) the temperature range of the microscope hotstage limits assignment

of sub-room temperature liquid crystal transitions.

n Cr N I Crystallises
4 ° 158 ° (85) ° <25
5 ° 86 ° <25
6 ° 106 ° (78) ° <25
7 ° 46 ° <25
8 ° 101 ° (74) ° <25
9 ° 56 ° (34 ° ~25
10 o 86 o (71) o 47
11 ° 65 ° (53) ° <25

Table 6.16 Transition temperature in °C for Cat(OnOCB)(OnOBF,). ‘<25 °C’ indicates samples which
supercooled to room temperature (taken to be 25 °C) and remained in the nematic phase for several hours.

As with Table 6.6, Table 6.16 also shows the temperatures of crystallisation. Most of the
materials supercool to room temperature remaining in the nematic phase for several hours
in spite of mechanical stress applied to the cover slips. These materials have been cooled
below room temperature in DSC experiments but, as shall be described later, the
materials tended to form a nematic glass (again with the exception of n = 5 and 7) rather

than crystallising. Crystallisation did occur in these samples at room temperature when

left overnight.
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Figure 6.25 The transitio'n temperatures for Cat(OnOCB)(OnOBF;). Here m denotes T, and m denotes Ty
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Analysis of the data shown in Figure 6.25 shows that, as expected, all of the materials are
monotropic and that an odd-even effect is seen in both the nematic-isotropic transition
temperatures and the melting points.

No N-I transition was observed for n = 5 and 7 in spite of supercooling the material to
below -15 °C in a DSC experiment where it formed an isotropic glass. The remaining
compounds show low N — I and melting transitions as expected. The large supercooling
range, lower melting points and stability of the monotropic nematic phase at low
temperatures makes these materials the best of the monotropic candidates with this

structural architecture for investigations of their flexoelectric behaviour.

6.5.2.1 Comparing these results with the symmetric dimers
[Cat(OnOCB)2] and the non-symmetric dimers CBOnOBF2
Given the nature of these materials the two series most appropriate for comparison would
be the Cat(OnOCB); series reported in Chapter 5 and the CBOnOBF; synthesised by
Coles er al.'* Starting with the Cat(OnOCB), series we can see in Figure 6.28 that the
Cat(OnOCB)(OnOBF,) series behaves fairly similarly.

160
140 4

120

7
P 7
60 3 . . 7
' ‘ * ’
. . s .

40

20

Figure 6.26 The spacer length dependence of Ty; for symmetric and non-symmetric 1,2-dioxybenzene
dimers. Here A denotes Ty; Cat(OnOCB), and m denotes Ty; Cat(OnOCB)(OnOBF;).
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Both series show an odd-even effect in the N-I transition temperatures which is to be
expected since the structure of the materials is very similar. We can expect the materials
to behave in a similar manner and can perhaps infer that they have similar geometric
environments in the liquid crystal phase. The alternation in Ty for the non-symmetric
series is larger than for the Cat(OnOCB),. This observation is also true comparing the
CBONOCB series with CBOnOBF; and is likely to be due to the same reason. That is that
the mesogenicity of the -OBF, moiety is smaller than that of the -OCB group and as such
is considerably less supportive of the nematic phase for odd members where the
geometry of the molecule is less favourable (i.e. less linear).

Commenting on trends in the odd members of the series is difficult as we have no
transition data for n = 5 and 7, however we do know the N — I transition temperatures for
these members lie below -15 °C. We can, therefore, deduce that the Tyny for the odd
members increases with increasing chain length compared to the Cat(OnOCB), series, a
similar comparison again has been made between CBOnOCB and CBOnOBF;. The even
members appear to show very little change in T as the spacer length increases giving
only a 14 °C drop across the series from n =4 to n = 10 compared to the Cat(OnOCB),

series which shows a 30 °C drop over the same spacer range.

6.5.3 Entropy of transition
In Chapter 5 (Section 5.3.3) we describe the problem of small transitional entropies
which have a long tail section which, depending on whether the area of this tail was
included in the measurement when calculating ASy/R can significantly change the
reported result. This problem was also present in these compounds and the same protocol

described in Chapter 5 is also adopted here.

AHg/ kJmol'  ASc/R AHy/ kJmol'  ASy/R
4 47.7 14.8 3.67 1.2
5 48.6 16.3 N/A N/A
6 60.0 19.7 3.23 1.1
7 45.6 17.2 N/A N/A
8 70.9 229 3.54 1.2
9 54.0 20.0 0.97 0.4
10 72.9 24.7 423 1.5
11 53.1 19.3 2.10 0.8

Table 6.17 Table of transitional entropies for the Cat(OnOCB)(OnOBF,) series



The entropy changes for the non-symmetric Cat(OnOCB)(OnOBF>) for the Cr-I and N-I
transitions are given in Table 6.17. We can see that there is an alternation from the odd to
even dimers and we might expect this to be very similar to that for the transitions seen for
the Cat(OnOCB), series and certainly in terms of the trend this is the case (see Figure
6.27).

The absence of values for the transitional entropies for n = 5 and 7 presents a problem
when trying to determine trends in the series. Plotting the variation of these values for
ASN1/R against the spacer lengths for Cat(OnOCB), we can see that the alternation for the
symmetric dimers is larger than for the non-symmetric homologues. The transitional
entropy for even members of the Cat(OnOCB)(OnOBF,) series only start to increase for
n > 8 and even then more gradually than that found for the Cat(OnOCB), (see Figure

6.27).

1.9
1.7
1.5
1.3

AS/R

0.9
0.7
0.5
0.3
0.1

Figure 6.27 Transitional entropies as a function of spacer length for Cat(OnOCB)(OnOBF,) and
Cat(OnOCB), where m represents ASy/R for Cat(OnOCB)(OnOBF,) and A represents ASy/R for

Cat(OnOCB),.
The transitional entropies for both series alternate as a function of spacer length and both

series show a tendency for ASyy/R to increase with increasing n. This behaviour is in line
with the expected behaviour shown by conventional liquid crystal dimers, and, if we
compare these non-symmetric kinked dimers to the CBOnOBF; non-symmetric

conventional dimers the similarity is clearly apparent (see Figure 6.28).
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The increase in ASy/R for the 1,2-dioxybenzene dimers is similar to that of the
conventional dimers. The transitional entropy for the even members of the conventional
dimer series increases more rapidly than for the kinked dimers but the alternation
between odd and even is about the same. For n = 4 the transitional entropy is

approximately the same which, interestingly, is also true forn = 11.
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0.2
0.0

AS/R

Figure 6.28 Plot of the transitional entropies as a function of spacer length for Cat(OnOCB)(OnOBF,) and
CBOnOBF, where m represents ASy/R for Cat(OnOCB)(OnOBF,) and A represents ASy/R for

CBOnOBF,.

6.6 Conclusions

Unfortunately it was not possible to attempt flexoelectric measurements for any of the
members of the series discussed in this Chapter. The extent of the monotropic behaviour
of these materials makes them largely unsuitable for making measurements on the pure
systems. However, investigation of the transitional properties of these materials has
afforded an illuminating insight to the structure and property relationship of some non-
symmetric compounds which include the 1,2-dioxybenzene core in the structure.

Changing the position of the aromatic disruptor with relation to the mesogenic end
groups provided interesting results where even though the total number of carbon atoms
in the spacer were kept the same (n + m = 16), there was still a large odd-even effect.
This implied that compounds with spacers which were of the same parity but different

lengths behaved similarly. This was because there was very little difference in Ty
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between dimers of very different spacer length but identical parity and there was a large
difference in Ty; for dimers with a small difference in spacer length but dissimilar
parities. For example Cat(O120CB)(O40CB) had a similar Ty to
Cat(O100CB)(0O60CB) and a very different Ty; to Cat(O110CB)(O50CB). Given the
discussions of the possible role of U-shaped dimers in the liquid crystal phase, these
results fit that picture well. The anisotropy of the molecule would not be affected so
much by altering the length of one spacer with respect to the other compared to what
extent the mesogenic groups are parallel with the long axis of the molecule (defined in
this case as the line which bisects the arms and the dioxybenzene core). It follows from
this that should one spacer arm be odd and the other even then Ty for this molecule
would lie between the Ty for odd/odd and even/even (see Figure 6.29). This was
demonstrated by comparing the Cat(O100CB)(O50CB) with the symmetric
Cat(O70CB); and Cat(O80CB),.

(a) (b) (c)

Figure 6.29 Sketch of three non-symmetric dimers showing the orientation of the mesogenic groups with
respect to the molecular long axis. (a) where both spacer arms are an even parity, (b) where one spacer arm
is even and the other odd and (c) where both spacer arms are odd.

Examining Figure 6.29 and Figure 6.6 we can see that in (a) where both spacer arms are
an even parity the mesogenic groups are both parallel to the long axis; this would give the
largest Tny and corresponds with Cat(O80CB); in Figure 6.6. In the case of (b) where one
spacer arm is even and the other odd, here the anisotropy of the molecule is slightly
reduced lowering the Ty slightly corresponding to Cat(O5OCB)(O100CB) in Figure 6.6.

In the case of (c) where both spacer arms are odd, now neither mesogenic group is
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parallel to the long axis, reducing the anisotropy further and decreasing Ty; more,
corresponding to Cat(O70CB)s.

Comparing the symmetric Cat(OnOCB), dimers the non-symmetric dimers showed that
in most cases the melting and N — I transitions for the non-symmetric dimer tended to be
closer to the symmetric analogue of the longer arm. For example Cat(O110CB)(O50CB)
had transition temperatures which were closer to Cat(O110CB), than Cat(O50CB),.
Again using the U-shaped conformer, we can speculate that the close proximity of the
short chain mesogenic group to the longer chain would restrict its movement to some
extent. This is, of course, not true for the longer chain mesogenic group and thus the
molecule is, in the conformational distribution more easily able to behave like the long
spacer arm symmetric dimer rather than the short spacer arm dimer. The transitional
entropies of the symmetric and non-symmetric dimers are generally similar and follow
similar trends. Again the longer spacer arm symmetric dimers tend to be closer
comparators to the non-symmetric analogues than the short spacer arms dimers.
Equimolar mixtures of the symmetric dimers containing spacer lengths comparable to
pure non-symmetric systems showed N —I transition temperatures very similar to the non-
symmetric dimers in all cases but one. The Cat(O120CB),/Cat(O40CB); dimer mixture
showed a significant decrease in the Ty compared to the analogous non-symmetric
dimer. This curious behaviour is not easily explained but could be related to the shape of
the molecules being so different that the interactions in the mixture are significantly
different to the other mixtures examined in this Chapter.

Curiously the transitional entropy for the mixtures was very different showing no odd-
even effect, contrasting greatly with the non-symmetric dimer analogues. Investigating
the ordering of the mixtures and the non-symmetric analogue in the nematic phase would
be of great interest here. Contrasting the 4/12 mixture and the 11/5 mixture with the pure
non-symmetric analogues would be expected to reveal much greater agreement for the
latter than the former according to the transitional entropy data (see Figure 6.23).
Investigation of the Cat(OnOCB)(OnOBF,) again showed an odd-even trend in the Ty
and the transitional entropies. Given the transition temperatures for the Cat(OnOCB);
series and the CBOnOBF; series it was not surprising that this molecular conglomerate

series was entirely monotropic. The low melting member of this series could make
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potentially good additives for lowering the overall melting point in a mixture whilst still
providing the bent shape which could support a director deformation. It is curious that
neither n = 5 or 7 show any nematic phase even for temperatures as low as -15 °C.
Extrapolation of n = 9 and 11 would predict a N — I transition at ~15 °C and ~-3 °C for n
=7 and 5 respectively.

This Chapter has explored a small number of what is a huge array of potential materials.
By altering the relative position of the 1,2-dioxybenzene group in comparison with
mesogenic groups we have gathered more information and insight into understanding
why the liquid crystal behaviour of these compounds behaves in this way; particularly in
terms of the odd-even effect in the Tyn;. We have also demonstrated that it is possible to
tether dissimilar mesogenic groups to the same catechol unit and that these materials too
can produce liquid crystal phases albeit monotropic nematics. There is a great deal of
scope for further investigation, looking at other mesogenic groups (for example studying
ether linked Schiff-base compounds allowing a direct comparison to the work already
done'). Similarly the core group itself could be altered using, for example, a phthalic
acid group producing ester linked materials. Preliminary investigations into these types of
compounds have shown that symmetric odd and even cyanobiphenyl dimers are indeed

nematogenic.

6.7 References

1. G. S. Attard, R. W. Date, C. T. Imrie, G. R. Luckhurst, S. J. Roskilly, J. M.;
Seddon, L. Taylor, Lig. Cryst., 1994, 16, 529.

2. J. W. Emsley, G. R. Luckhurst, G. N. Shilstone, I. Sage, Mol. Cryst. Lig. Cryst.,
1984, 102, 223.
R. W. Date, C. T. Imrie, G. R. Luckhurst, J. M. Seddon, Lig. Cryst., 1992, 12,
203.
F. H. Boardman. Ph.D. Thesis. University of Southampton, 2001.

Lo

S. Perkins. Ph.D. University of Southampton, 1999.

J. B. Orton. Ph.D. Thesis. University of Southampton, 2006.

R. P. Sear, G. Jackson,, Mol. Phys., 1994, 82, 473.

J. V. Crivello, M. Deptolla, H. Ringsdorf, Lig. Cryst., 1988, 3, 235.

el A -

']
(%]
~



10.

11.

13.

A. Yoshizawa, H. Kinbara, T. Narumi, A. Yamaguchi, Lig. Cryst., 2005, 32,
1175.

S. Jin, G. Cheng, G. Z. Chen, Z. Ji, J. Porphyrins and Phthalocyanines, 2005, 9,
32.

A. Kloczkowski, G. R. Luckhurst, J. Chem. Soc., Faraday Trans. 2, , 1988, 84,
155.

S. M. Morris, M. J. Clarke, A. E. Blatch, H. J. Coles, Phys. Rev. £, 2007, 75,
041701.

G. S. Attard, A. G. Douglass, Lig. Cryst., 1997, 22, 349.

98]
98]
oo



Chapter 7

Experimental

wx.»fmp%&c.owfc;tam
LIFE PLAN gotograd pass  defend  land academic R e
{

oto schoo quals  thesis  dream job ) - win prestigious
80"%{36 finish , pulbrlish book{s) 7 ) carger award
: i \ L}dﬂege ?ngirg‘ed choose | write buy have kids
?ﬁﬁma’ce S thesis thesis hause get tenure 1 tive happity
in coliege I topic l ' ever aftar
age. age 20 age 22 age 24 age 28 age 28 age 30 age 32 age 34 old age
LIFE REALITY | goto grad workon  decide you wonder when
goto sehoo random should probably things started
coilege firish soulmate ff;g?f;; fg“{fﬁe thesis - to GO WroRY
meet  college thumps fail proje P still in grad  still in grad
senslmate you ézais : schoof school o
in college l f ’ ' !
age.  age 20 age 22 age 24 age 28 age 28  age 30 age 32 age 34 old age

"Piled Higher and Deeper" by Jorge Cham
www.phdcomics.com Used with permission

98]
(98]
O


http://www.phdcomics.com

7. Experimental

The Chapter is divided into five sections. The first (Section 7.1) consists of a general
experimental that covers the standard techniques and conditions assumed in Section 7.2
and details of the apparatus used in the physical measurements made throughout the
project. Section 7.2 outlines the experimental detail and characterization for each
homologous series of compounds studied. Where materials are not novel, literature
references are given and any significant differences from the literature data are
highlighted. Given that the preparative procedure for each series is largely the same, the
procedure for each series is given once using one example from that series. Where more
than one method has been attempted, the optimum method is reported. Below each
procedure is reported the characterization data for that entire homologous series of
compounds. The numbering of the carbon skeleton in each diagram has been designed to
assign a different number to a unique carbon NMR environment. Symmetrically related
carbons are assigned the same number. Proton and fluorine atoms are assigned via the
carbon to which they are attached e.g. the carbon in a cyano group on a cyanobiphenyl is
assigned the number 1 and as such all carbon spectra reporting a C; will always report a
quaternary CN group at approximately the same chemical shift.

Preceding the experimental procedure for each series is a table of the transition
temperatures for that series. In each row the number corresponding to the Cr-SmA, Cr-N
or Cr-I transition corresponds to the melting point and as such is not repeated in

characterization data. In all cases n refers to the number of methylene groups in the

carbon chain.
7.1. General Experimental

7.1.1. Organic chemical characterisation information

Where stated, reactions that were carried out under anhydrous conditions were performed
in dried glassware under an atmosphere of dry nitrogen. Acetone was distilled over
potassium  carbonate.  Acetonitrile was  distilled over calcium  hydride.
Dimethylformamide (DMF) was distilled over calcium sulphate under vacuum

(~0.4mbar). THF was distilled over benzophenone and sodium wire.
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TLC were carried out using Merck Kieselgel silica gel 60 Fass, visualised by UV
illumination (shortwave A = 254 nm) and by staining with iodine absorbed on silica, ceric
ammonium phosphomoybdic acid and/or basic potassium permanganate solution.
Column chromatography was carried out using Fisher 35-70 chromatography grade
silica. Column dimensions refer to width x depth of silica.

Infrared spectra were recorded on a Nicolet Impact 400 spectrometer. Spectra were taken
either from a liquid placed on sodium chloride plates or as a solid using a ‘Goldengate’
attachment. Absorptions are described as strong (s), medium (m), weak (w), or broad
(brd).

Melting points were recorded on the microscopy/heating stage apparatus detailed in
Section 7.1.1. They are reported in the transition temperature table which preceeds each
homologous series. The melting point is taken as the crystal-liquid crystal or crystal to
isotropic transition (i.e. the number immediately after the Cr column).

'H, F and "C NMR spectra were recorded as solutions in a deuterated solvent
(normally CDCls). Those proton, fluorine or carbon spectra reported at 300, 282 and 75
MHz respectively were run either on a Bruker AC300 or a Bruker AV300 spectrometer.
Those proton or carbon spectra reported at 400 or 100 MHz respectively were obtained
on a Bruker DPX400 instrument. Chemical shifts are reported using the & scale using an
internal reference (typically CDCl; is used for proton and carbon spectra run in CDClj;
Cels is used as a reference for fluorine spectra). Proton spectra are described using the
following abbreviations; s (singlet), d (doublet), t (triplet), q (quartet), quin (quintet), br
(broad), m (multiplet). The following abbreviations are used in the case of the proton
decoupled carbon spectra; q (quarternary), t (methine), d (methylene), s (methyl).

Mass spectra were obtained using either the electron impact ionisation technique (EIMS)
or collected by Electro-spray (ESMS). Relative intensities are reported in brackets after

the m/z value.

7.1.2. Physical chemical characterisation data

The mesophase transitions were recorded using a Linkam TMS 90 Heating Unit, a

Linkam hotstage and an Olympus BH-2 Polarising microscope. Transitions were given
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on heating at 2°C/min (unless otherwise stated e.g. monotropic Ty; transition).
Monotropic transitions are denoted by brackets. Error estimated at =0.2°

Differential scanning calorimetry data were collected using a TA Instruments DSC
Q1000, processed using software supplied with the instrument, and then outputted as an
Adobe Acrobat® document.

Flexoelectricity measurments were conducted using hybrid aligned nematic cells with
approximately a 5 pm’ thickness between the treated plates. The experiments were
conducted using an Olympus BX50 microscope which had a THORLABS PDAS5S
photodiode attachment was connected to a Tektronix TDS224 four channel digital real-
time oscilloscope. The applied fields were produced from an HP 8111A pulse/function
generator which was amplified using a TREK power amplifier (model 603) which was

connected to each cell. The temperature was controlled by a Linkam TMS93 hotstage and

controller.
7.2. Chapter 3 experimental

7.2.1. CBOnBr; a-(Cyanobiphenyloxy)alkyl-m—bromidel

n Temperature /°C Mass Yield
Cr N | g Y%
4 ® 90 ® 61 ® 6.36 90%
5 ® 87 e 62 e 5.91 87%
6 . 74 . 68 e 2.84 77%
7 ® 84 ® 72 o 3.15 82%
8 ® 85 o 65 ® 3.83 97%
9 e 77 ® 69 e 3.48 85%
10 ® 87 . 71 e 7.31 95%
11 ® 77 ® 74 e 416 92%
12 e 97 ® 79 ° 411 91%

1-(Cyanobiphenyloxy)-butyl-4-bromide

10

1
el
. - 11 o\/“\/”\Br Ci-HsBrNO
— 258 A 330.23
= 13
5]

7

Procedure
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To a stirred solution of 4’-hydroxy-4-biphenylcarbonitrile (4.00 g, 27.94 mMol, 1 eq) in

freshly distilled acetone (40 mL) was added solid potassium carbonate (5.10 g, 36.88

mMol, 1.8 eq) in one portion. The stirred mixture was heated to reflux for 1 h under

nitrogen and subsequently allowed to cool to room temperature before 1,4-

dibromobutane (24.46 mL, 44.23 g, 204.4 mMol, 10 eq) was added in a single portion.

The mixture was then heated at reflux for 3 days, cooled, and was then filtered to remove

the inorganic salts these were later washed with DCM. The combined filtrate and

washings were then concentrated in vacuo to give a yellow crude oil. This was then

purified by column chromatography (silica gel, 40 mm x 100 mm; 10-40% DCM / 40-60

petroleum), to give a white powder which was crystallised from ethanol affording the title

compound 1 (5.91 g, 17.90 mMol, 87.4%) as a crystalline white solid.

Rf 0.29; 50% DCM / 40-60 petroleum [1 spot by TLC]

"HNMR (400 MHz, CDCly): 8y 7.61 (2H, d, J = 8.8 Hz, C,H, C4H), 7.56 (2H, d, ] =
8.8 Hz, C;H, C;H), 7.45 (2H, d, 8.9 Hz, CoH, C,3H), 6.91 (2H, d, ] = 9.0 Hz,
CioH, C2H), 3.98 2H, t, 6.0 Hz, O-C4H>), 3.42 (2H, t, 6.5 Hz, C7H;Br),
1.86-2.06 (4H, m, 6.5 Hz C5H,, C;sHz) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 159.5 (q, Cii(Ar)), 145.2 (g, Cs(Ar)), 132.6 (t, C3(Ar),
Cy(Ar)), 131.6 (q, Cs(Ar)), 128.4 (1, C4(Ar), Ce(Ar)), 127.1 (t, Co(Ar),
Ci3(Ar)), 119.1 (q, C1(CN)) 115.1 (t, C1o(Ar), C12(AD)), 110.1 (g, Cy(Ar)),
67.0 (s, C14(OCHy)), 33.4 (s, Cy5.17(CHa)), 29.4 (s, Ci5.17(CH>)), 27.9 (s, Cys.
17(CHz)) ppm.

IR (Sol" in dichloromethane) v.x: 3049(s) (C-H;Br), 2983(m) (C-H,), 2680(w),
2226 (m) (C=N), 1602(s) (Ar), 1493(s) (Ar), 1422(m), 1261(s), 731(s) (C-
Br) cm’.

EIMS:  m/z 329 (IM]", 11%), 195.1 ([C13HoNO]", 100%), 166 ([C13H 0], 5%), 135
([CoH 10077, 79%), 55 (JC4H7]", 32%), 29 ([C2Hs]", 7%).



1-(Cyanobiphenyloxy)-pentyl-5-bromide

4 s 15 17 2
y 11 OmBr CisHisBrNO
— 5 s T2 344.25
N= 2 \ A 13
Rf 0.29; 50% DCM / 40-60 petroleum [ spot by TLC]

"HNMR (400 MHz, CDCls): 8 7.61 (2H, d, J = 8.0 Hz, C4H, C¢H), 7.56 (2H, d, ] =
8.8 Hz, C3H, C;H), 7.45 (2H, d, 8.8 Hz, CoH, C3H), 6.92 (2H, d, ] = 8.8 Hz,
CioH, C12H), 3.95 (2H, t, 6.3 Hz, 0-C1,Hy), 3.37 (2H, t, 6.5 Hz, C3sH,Br),
1.81 (2H, quin, 6.5 Hz C;sH; or C7H,), 1.88 (2H, quin, 7.0Hz, C;sH; or
C7H,), 1.43-1.65 (2H, m, C;sH,,) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 160.1 (q, Cii(Ar)), 145.7 (q, Cs(Ar)), 133.0 (t, C3
(A1), C7(Ar)), 131.9 (g, Cs(Ar)), 128.8 (t, C4(Ar), C4(Ar)), 127.5 (t, Co(Ar),
Ci3(Ar)), 119.5 (q, C1(CN)), 115.5 (1, Cyp(Ar), Ci2(Ar)), 110.5 (q, Ca(Ar)),
68.1 (s, C14(OCHy)), 34.0 (s, Cys.17(CHa)), 32.9 (s, C13(CH,Br)), 28.3 (s, Cys.
17(CHz)), 24.9 (s, Ci5.17(CH2)) ppm.

IR (Sol" in dichloromethane) Vi 3054(s) (C-H;Br), 2983(m) (C-Hy), 2941(w)
(C-H,), 2680(w), 2226(m) (C=N), 1602(s) (Ar), 1489(s) (Ar), 1422 (m),
1261(s), 741(s) (C-Br) cm’".

EIMS:  m/z 343 (IM]", 11%), 195 ([C13HoNO]", 100%), 151 (JC1oH;50]", 11%), 149
([C1oH 1301, 11%), 69.1 ([CsHo]", 38%) 41 ([C5Hs]", 17%).

1-(Cyanobiphenyloxy)-hexyl-6-bromide

3
10
3 4 y O\/15\/17\/19\ C19H20BI‘NO
5 i 14 16 18 Br 358.28
N= 2 T
6

7
Rf 0.36; 50% DCM / 40-60 petroleum [1 spot by TLC]
THNMR (400 MHz, CDCl): 8y 7.61 (2H, d, ] = 8.0 Hz, C,H, C¢H), 7.56 (2H, d, ] =
8.8 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Cj5H), 6.91 (2H, d, J = 9.0 Hz,
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BC NMR

IR

EIMS:

CioH, CioH), 3.95 (2H, t, 6.5 Hz, O-C14H3), 3.36 (2H, t, 6.8 Hz, C19H,Br),
1.72-1.88 (4H, m, C;5H,, C1gHy), 1.40-1.51 (4H, m, C sH,C 7H,) ppm.

(100 MHz, CDCl): 8¢ 160.1 (q, C11(Ar)), 145.7 (q, Cs(Ar)), 133.0 (t, C3
(Ar) C+(Ar)), 131.8 (g, Cg(Ar)), 128.8 (t, C4(Ar), C4(Ar)), 127.5 (t, Co(Ar),
Ci3(Ar)), 119.5 (q, C1(CN)) 115.5 (t, Cig(Ar), Cra(Ar)), 110.5 (g, Ca(Ar)),
68.3 (s, C14(OCH,)), 34.2 (s, Ci5.18(CH)), 33.1 (s, C19 (CH,Br)), 29.5 (s, Cis.
1s(CHa)), 28.3 (s, Cy5.18(CH2)), 25.7 (s, C15.18(CH2)) ppm.

(Sol" in dichloromethane) viax: 3049(s) (C-HzBr), 2988(m) (C-H,), 2680(w),
2302(m), 2222(w) (C=N), 1602(m) (Ar), 1493(m) (Ar), 1422 (s), 1261(s),
736(s) (C-Br) cm™.

m/z 357 (IM]", 22%), 195 ([C13HoNO]", 100%), 166 ([Ci3Hs]™, 13%), 140
([CoHi6O1", 10%), 83 ([CeHnl", 38%), 55 ([C4H7]", 19%), 41 ([CsHs]',
12%).

1-(Cyanobiphenyloxy)-heptyl-7-bromide

Rf
"H NMR

B NMR

4

p s U 0 15 17 10
/ ” NN Y R CaoHBrNO
= 25813 / 372.31
/1
7 5]

0.37; 50% DCM / 40-60 petroleum

(400 MHz, CDCls): 8, 7.61 (2H, d, J = 8.0 Hz, C;H,C6H), 7.56 (2H, d, J =
9.0 Hz, CsH, C;H), 7.45 (2H, d, 9.0 Hz, CoH, C;3H), 6.91 (2H, d, J = 9.0 Hz,
CioH, CioH), 3.93 (2H, t, 6.5 Hz, O-C1.Hy), 3.34 (2H, t, 7.0 Hz, CaoH,Br),
1.72-1.91 (4H, m, Ci5H,,CioHy), 1.31-1.55 (6H, m, CisH,, C17H2, C;sH>)
ppm.

(100 MHz, CDCL3): 8¢ 160.3 (q. Cii(Ar)), 145.8 (q, Cs(Ar)), 133.1 (t, Cs,
C+(Ar)), 131.9(q, Cs(A1), 128.9 (t. Cy(Ar), C(AD), 127.6 (, Co(Ar),
Cis(A1), 119.6 (g, Ci(CN)) 115.6 (t, Cio(Ar), Cr2(AD), 110.6 (g, Ca(Ar)),
68.6 (s, C1a(OCHs)), 34.4 (s, Cys.10(CHa)), 32.2 (s, C2(CH:Br)), 29.6 (s, Cis.
19(CHz)), 29.0 (s, Ci519(CHp)), 28.6 (s, Cis5.19(CHz)), 26.4 (s, Cy5.19(CHa))



IR

EIMS:

(Solid) Vmax: 3049(s) (C-H,Br), 2983(m) (C-Hy), 2931(w) (C-Ha), 2685 (w),
2222(w) (C=N), 1602(m) (Ar), 1493(m), 1261(s), 740(s) (C-Br) cm™.
m/z 371 (IM]", 17%), 195 ([C13HoNO]", 100%), 55 ([C4H]", 8%)

1-(Cyanobiphenyloxy)-octyl-8-bromide

Rf
'"H NMR

BC NMR

IR

EIMS:

5

4 s N 15 17 19 21
3 - O\/\/\/\/\ C2]H24BFNO
14 16 18 20 Br
N 386.34
=
7 8

0.37; 50% DCM / 40-60 petroleum [1 spot by TLC]

(400 MHz, CDCl3): 8y 7.62 (2H, d, J = 8.0 Hz, C4H, C¢H), 7.56 2H, d, ] =
8.5 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CsH, C3H), 6.92 (2H, d, J = 8.5 Hz,
CioH, C2H), 3.94 (2H, t, 6.5 Hz, O-C;4H3), 3.34 (2H, t, 6.5 Hz, C;H,Br),
1.70-1.84 (4H, m, C;sH,,CxoHy), 1.21-1.52 (8H, m, CicH,y, C7H,, CigH,,
CioHz) ppm.

(100 MHz, CDCl;): 8¢ 160.2 (q, Ci1(Ar)), 145.7 (q, Cs(Ar)), 133.0 (1, Cs,
C4(Ar)), 131.7 (q, Cs(Ar)), 128.7 (t, C4(Ar), Ce(Ar)), 127.5 (t, Co(Ar),
Ci3(Ar)), 119.5 (g, Ci(CN)) 115.5 (t, Cio(Ar), Cia(Ar)), 110.5 (g, Ca(Ar)),
68.5 (s, C14(OCHy)), 34.4 (s, C1520(CH2)), 33.1 (s, C21i(CH,Br)), 31.3 (s, Cis.
20(CH>)), 29.6 (s, Ci5.20(CHa)), 29.1 (s, Cis20(CH2)), 28.4 (s, Cis-20(CH>)),
26.4 (s, C1520(CHz)) ppm.

(Solid) Vmax: 3049(s) (C-H;Br), 2987(m) (C-H,), 2302(m) (C=N), 1602(m)
(Ar), 1488(m) (Ar), 1261(s), 741(s) (C-Br) em™".

m/z 385 (IM]", 17%), 195 ([C13HoNO]™, 100%), 69 ([CsHs]", 5%), 41
([CsHs]", 4%)

1-(Cyanobiphenyloxy)-nonyl-9-bromide

Rf

, . g 10 o 15 17 19 21 Br 6
11 14 16 18 20 > C2H6BrNO
AN 400.36

0.41; 50% DCM / 40-60 petroleum [1 spot by TLC]

—

N=



"H NMR

3C NMR

IR

EIMS:

(400 MHz, CDCl5): 8y 7.62 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.56 (2H, d, ] =
8.5 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, C3H), 6.92 (2H, d, ] = 9.0 Hz,
CioH, CioH), 3.94 (2H, t, 6.5 Hz, O-C14H,), 3.34 (2H, t, 6.5 Hz, C;,H,Br),
1.69-1.83 (4H, m, C;sH,, Cy1H;), 1.20-1.61 (10H, m, CisH,, Ci7H,, CisHa,
Ci9Hz, CooHy) ppm.

(100 MHz, CDCl): 8¢ 160.2 (q, Ciui(Ar)), 145.7 (g, Cs(Ar)), 133.0 (t, Cs,
Cs(Ar)), 131.7 (q, Cg(Ar)), 128.7 (t, CyAr), Ce(Ar)), 127.5 (1, Co(Ar),
Ci3(Ar)), 119.5 (q, Ci(CN)) 115.5 (t, Cio(Ar), Ci2(Ar)), 110.5 (q, C2(Ar)),
68.5 (s, C14(OCH,)), 34.4 (s, Cy5.21(CH2)), 33.2 (s, C22(CH2Br)), 29.7 (s, Cis.
21(CH2)), 29.7 (s, Ci52:(CHy)), 29.6 (s, Cis.21(CHy)), 29.1 (s, Cis.21(CHy)),
28.5 (s, C1521(CH>)), 26.4 (s, Cy521(CH2)) ppm.

(Solid) viyax: 3054(s) (C-H,Br), 2983(m) (C-Hy), 2302(m) (C=N), 1607(m)
(Ar), 1417(m), 1261(s), 722(s) (C-Br) em™.

m/z 399 (IM]', 38%), 195 ([Ci3HoNO]", 100%), 166 ([Ci3Hio]", 6%), 55
([C4H]", 6%), 41 (|C3Hs]", 6%)

1-(Cyanobiphenyloxy)-decyl-10-bromide

Rf
'"H NMR

BC NMR

-

4 ® N O 15 17 19 21 23
) 11 14 16 18 20 22 Br C23H28rNO
- N, 414.39
=
7 8

0.36; 50% DCM / 40-60 petroleum [1 spot by TLC]

(300 MHz, CDCIl3): 84 7.71 (2H, d, J = 8.0 Hz, C4H, C¢H), 7.65 (2H, d, J =
8.4 Hz, CsH, C;H), 7.54 (2H, d, 8.8 Hz, CoH, C;3H), 7.01 (2H, d, J = 8.8 Hz,
CioH, C;H), 4.02 (2H, t, 6.5 Hz, O-C14H3), 3.43 (2H, t, 6.8 Hz, C5;H,Br),
1.72-2.03 (4H, m, C;5H,, C»H;), 1.28-1.53 (12H, m, C;sH,Cs 1 Hy) ppm.

(75 MHz, CDCls): 8¢ 159.9 (q, C1i(Ar)), 145.4 (q, Cs(Ar)), 132.7 (t, C3(Ar),
Cs(Ar)), 131.4 (q, Cs(Ar)), 128.5 (t, C4(Ar), Ce(Ar)), 127.2 (1, Co(Ar),
C3(Ar)), 119.3 (q, C(CN)) 115.2 (t, Cig(Ar), Ci2(Ar)), 110.2 (g, Ca(Ar)),
68.3 (s, C14(OCH>)), 34.3 (s, Ci5.22(CH2)), 33.0 (s, C33(CH2Br)), 29.6 (s, Cis.
22(CHy)), 29.5 (s, C15.22(CHa)), 29.4 (s, C1522(CH2)), 28.9 (s, Ci5.22(CHa)),
26.2 (s, Cy522(CHy)), ppm.
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IR (Sol" in dichloromethane) Vi 2931(m) (C-Hy), 2855(w) (C-H,), 2245(m) ,
2222(w) (C=N), 1602(m) (Ar), 1488(m) (Ar), 1247 (m), 1176(m), 897(s),
732(s) (C-Br) cm’™.

EIMS:  m/z 413 (IM]", 20%), 195 ([C13HoNO]", 100%).

1-(Cyanobiphenyloxy)-undecyl-11-bromide 8

PR N 5712 m g 8
y ﬂ O 14 16 18 20 22 24 ' C24H30BrNO
— 5 ’ 12 428.42
N= 2 13
> e
Rf 0.29; 50% DCM / 40-60 petroleum [1 spot by TLC]

"HNMR (400 MHz, CDCl3): 8y 7.62 (2H, d, J = 8.3 Hz, C4H, C¢H), 7.56 (2H, d, ] =
8.8 Hz, C;H, C/H), 7.45 (2H, d, 8.5 Hz, CoH, C13H), 6.92 (2H, d, ] = 8.5 Hz,
CioH, C;H), 3.93 (2H, t, 6.5 Hz, O-CuH3), 3.34 (2H, t, 6.8 Hz, C,4sH,Br),
1.67-1.83 (4H, m, C;5Hz, Cx3Hy), 1.18-1.47 (14H, m, CicH,, C17H,, CisHa,
Ci9Ha, CooHz, Ca1Hy,y CroHa,) ppm.

BCNMR (100 MHz, CDCL): 8¢ 160.2 (q, Cii(Ar)), 145.7 (q. Cs(Ar)), 134.0 (¢, C;
(A1), C+(AD), 131.7 (g, Cs(Ar)), 128.7 (t, C4(Ar), Co(Ar)), 127.5 (1, Co(Ar),
Cis(AD), 1195 (q, CL(CN)), 115.5 (t, Cro(Ar), Cia(Ar)), 1105 (g, Ca(Ar)),
68.6 (s, C14(OCH,)), 34.4 (s, Cy523(CH2)), 33.2 (s, C24(CH1Br)), 29.9 (s, Cis-
23(CHy)), 29.8 (s, Ci5.23(CHy)), 29.6 (s, Ci5.23(CH2)), 29.2 (s, Ci5:23(CHy)),
28.6 (s, Ci5.23(CHy)), 26.4 (s, Ci5.23(CHz)) ppm.

IR (Solid) Ving: 3054(s) (C-H;Br), 2983(m) (C-Hy), 2965 (w) (C-Hz), 2680(w)
2226(m) (C=N), 1602(s) (Ar), 1489(s) (Ar), 1422 (m), 1261(s), 740(s) (C-
Br) cm’.

EIMS:  m/z 429 ([M]", 25%), 195 ([C,3HsNOJ", 100%), 55 ([C4HA1", 6%)

1-(Cyanobiphenyloxy)-dodecyl-12-bromide

s N 15 17 19 21 23 25 9
4
3 . 0 Br C25H32BI‘NO
5 ] 14 16 18 20 22 24 442 44
NZ= 2 EN )
7 6
Rf 0.29; 50% DCM/40-60 petroleum [1 spot by TLC]
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'HNMR (300 MHz, CDCL3): 8 7.71 (2H, d, J = 8.3 Hz, C,H, CH), 7.64 (2H, d, J =

8.6 Hz, C;H, C;H), 7.59 (2H, d, 8.8 Hz, CoH, C;3H), 6.95 (2H, d, J = 8.8 Hz,
CioH, CpH), 4.02 (2H, t, 6.5 Hz, O-C4H,), 3.42 (2H, t, 6.8 Hz, C,sH;Br),
1.76-1.87 (4H, m, C;sH,, CysHs), 1.25-1.53 (16H, m, C,cH,, Ci7H;, CisHa,
CioHy, CyoHy, Ca21Ha, CooHa, Co3Hz) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 160.0 (q, C1i(Ar)), 145.7 (q, Cs(Ar)), 132.7 (t, C3 (Ar),

CAAD), 1314 (q, Cs(Ar), 128.5 (t, C(Ar), Ce(AD). 127.2 (t, Co(Ar),
Cis(AD), 119.8 (q, C1(CN)), 115.2 (1, Cro(Ar), Cra(AD), 110.2 (q, Ca(Ar)),
68.3 (s, C14(OCHz)), 34.2 (s, Cis5.24(CH,)), 33.0 (s, Ca5(CH,Br)), 29.7 (s, Cys.
24(CH.)), 29.6 (5, Cis24(CHa)), 29.5 (5, Crs24(CHa)), 29.4 (s, Cis24(CHa)),
28.9 (s, Ci5-24(CHa)), 28.3 (5, Ci524(CHy)), 26.2 (s, C15.24(CH,)) ppm.

IR (Solid) vimax: 3054(s) (C-H,Br), 2988(s) (C-Hy), 2686(w), 2519(w), 2411(m),
2226(m) (C=N), 1602(s) (Ar), 1489(s) (Ar), 1422 (m), 1261(s), 741(s) (C-
Br) em™.
EIMS: m/z 443 (IM], 25%), 195 ([C13HoNO]", 100%), 84 ([CeHial™, 11%), 49
([CoH ™, 11%)
7.2.2. CBOnOBF; a -(4’-cyanobiphenyl-4-o0xy-)-©-(3,4’-difluorbiphenyl-4-
oxy-)-alkane
n Temperature /°C Mass Yield
Cr N | mg %
4 ® 137 ) 177 ° 212 45%
5 ® 92 e 95 ® 351 74%
6 ® 129 e 160 ) 326 67%
7 e 93 ® 111 ® 201 40%
8 ® 123 ® 146 ) 381 74%
9 ® 71 ® 111 e 2184 85%
10 ® 111 ® 132 e 2520 96%
11 ® 72 ® 111 ) 198 68%
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1 -(4’-Cyanobiphenyl-4-oxy-)-4-(3, 4’~d1flu0r0b1phenyl 4-oxy-)-butane

] —F 10
O \/\/\ ‘ CyHy3F,NO;
O o~ 455.51

To a stirred solution of 2,4’-difluorobiphen-4-ol (227 mg, 1.10 mmol, 1.1 eq) in dry
butanone (40 mL) was added potassium carbonate (300mg, 2.15 mmol, 2.15 eq) in one
portion and the suspension was heated to reflux for approximately 20 min under nitrogen.
The mixture was allowed to cool prior to the addition of 1-(cyanobiphenyloxy)-butyl-4-
bromide (330 mg, 1 mmol, | eq) in one portion and a catalytic quantity of sodium iodide
(80 mg). The reaction mixture was then heated back to reflux for 3 days, cooled and the
solvents were removed in vacuo. The off-white solid was then partitioned between DCM
(50 mL) and water (50 mL). The organic layers were separated and the aqueous layer was
washed with DCM (3 x 50 mL). The organic extracts were combined and dried over
anhydrous magnesium sulphate. This was then removed by filtration and the filtrate
solvent was removed in vacuo leaving a white crude product which was purified by
column chromatography (silica gel, 40 mm x 70 mm; 50-100% DCM / 40-60 petroleum)
to yield 10 the title product as a white microcrystalline solid.
Rf 0.66; 100% DCM [1 spot by TLC]
"HNMR (300 MHz, CDCl3): 8y 7.62 (2H, d, J = 8.6 Hz, C4H,C4H), 7.56 (2H, d, J =
8.6 Hz, CsH, C;H), 7.46 (2H, d, 8.8 Hz, CoH, C;sH), 7.34-7.42 (2H, m,
CyH, C4H), 7.22 (1H, t, J = 8.8 Hz, C4H), 7.03 (2H, t, ] = 8.8 Hz, C;0H,
CssH), 6.93 (2H, d, ] = 9.0 Hz, C;oH, C;H), 6.68 (1H, dd, (J = 8.6 Hz, 2.6
Hz), C4H,), 6.62 (1H, dd, (J = 12.6 Hz, 2.6 Hz), C4H,), 4.03 (2H, t, 5.5 Hz,
0-Ci4Hy), 4.00 (2H, t, 5.2 Hz, O-Ci7H3), 1.89-2.02 (4H, m, C;sH;, CcH,)
ppm.
BCNMR (75 MHz, CDCly): 8¢ 163.8 (q, Cys-F(A1)), 161.9 (q, Css-F(Ar)), 159.6 (q,
C11(Ar)), 158.4 (g, Cyy(Ar)), 145.2 (q, Cs(Ar)), 132.6 (t, C3 (Ar), C4(Ar)),
131.5 (q, Cs(Ar)), 130.9 (q, Css(Ar)), 130.8 (t, Cso/Ca(Ar)), 1304 (t,
Cy/Caa(Ar)), 128.4 (t, C4(Ar), Cs(Ar)), 127.1 (t, Co(Ar), Ci3(Ar)), 119.1 (q,
C(CN)), 115.5 (t, C4/Cas(Ar)), 115.2 (t, Cs6/Cas(Ar)), 115.1 (t, Cio(Ar),



C2(Ar)), 110.8 (t, Cyo(Ar)), 110.1 (g, C2(Ar)), 102.7 (t, C43/Cs9(Ar)), 102.3
(t, Cq3/C39(Ar)) 67.9 (s, C14(OCHs)), 67.3 (s, Ci7(OCH,)), 25.9 (s, Cys.
16(CH2)), 25.8 (s, Ci5.16(CH2)) ppm.

Note: No Peak found for C4(Ar) Expected around é¢ = 120.4 ppm Signal too weak

IR (Solid) Viax: 2946(m) (C-Hy), 2868(m) (C-H3), 2217 (m) (C=N), 1601(s)
(Ar), 1568(s) (Ar), 1493(s) (Ar)

EIMS: m/z 455 (IM]", 23%), 250 ([C,sH,50]", 100%), 208 ([C15H;50]", 100%), 140
(JCsHoFO]", 6%), 55 (JC4H7] ™, 11%)

Elemental Analysis: CooHy3FoNO;: (Expected) C 76.40, H 5.05, N 3.07; (Found) C

76.22, H5.05, N 3.10

1 -(4’-Cyanobiphenyl-4-oxy-)-5-(3,4’-difluorobiphenyl-4-oxy-)-pentane

OO 11
C30HsF;NO;
469.54

Rf 0.67; 100% DCM

'HNMR (300 MHz, CDCly): 8y 7.62 (2H, d, J = 8.6 Hz, C,H,C¢H), 7.56 (2H, d, ] =
8.6 Hz, C3H, C;H), 7.46 (2H, d, 9.0 Hz, CoH, Cy3H), 7.34-7.42 (2H, m,
CioH, CiH), 7.22 (1H, t, ] = 8.8 Hz, C4oH), 7.03 (2H, t, J = 8.8 Hz, C3oH,
Cy3H), 6.93 (2H, d, ] = 9.0 Hz, CoH, CoH), 6.69 (1H, dd, (J = 8.6 Hz, 3.1
Hz), C4sHy), 6.63 (1H, dd, (J = 12.6 Hz, 2.5 Hz), C4sHy), 3.98 (2H, 1, 6.2 Hz,
0-C1,Hy), 3.95 (2H, t, 6.2 Hz, O-CisHy), 1.76-1.90 (4H, m, C;sH,, C;/Hy)
1.55-1.71 (2H, m, C1¢Hy) ppm.

BC NMR (75 MHz, CDCl3): 8¢ 163.6 (q, Cas-F(Ar)), 161.6 (q, Css-F(AT)), 159.7 (q.
Cu(Ar), 158.6 (q, Car(Ar), 1452 (q, Cs(Ar)), 132.6 (t, C3 (A1), Co(Ar),
1314 (q, Cs(Ar)), 130.9 (q, Cas(Ar), 1304 (t, Cso/Cay(Ar)), 1303 (t,
Ca/Ci(Ar), 1284 (t, C4(Ar), Co(Ar)), 127.1 (t, Co(Ar), Ci3(Ar)), 119.1 (q,
Ci(CN)), 115.5 (1, Cae/Cas(Ar)), 115.2 (1, C4s/Cis(Ar)), 115.1 (t, Co(Ar),
Ci2(Ar)), 110.8 (t, Cao(AD), 110.1 (q, Ca(Ar)), 102.7 (t, C43/C30(Ar)), 102.4



(t, C43/C39(Ar)) 68.2 (s, C14(OCHyp)), 67.9 (s, Cis(OCHy)), 29.0 (s, Cis.
17(CHy)), 28.8 (s, Cy5.17(CH2)), 22.7 (s, C15.17(CHy)) ppm.

Note: No Peak found for Cy41(Ar) Expected around 8¢ = 120.4 ppm Signal too weak

IR

EIMS:

(Solid) Vimax: 2957(m) (C-Hy), 2869(m) (C-Hy), 2223 (m) (C=N), 1600(s)
(Ar), 1566(s) (Ar), 1523(s) (Ar), 1493(s) (Ar) cm™.
m/z 469 (IM]", 29%), 264 ([C1sH0]", 21%), 206 ([C15H1,0]", 52%), 178
(IC,3H,0T", 100%), 69 ([CsHo] ™, 41 ([C5Hs] *, 28%)

1 -(4’-Cyanobiphenyl-4-oxy-)-6-(3, 4’-d1ﬂu0r0b1phenyl -4-oxy-)-hexane

S D el
O \/\/\/\ O s C;1H37F;NO;
o 483.56

Rf
"H NMR

3C NMR

IR

0.68; 100% DCM [1 spot by TLC]

(300 MHz, CDCls): 6y 7.61 (2H, d, J = 8.6 Hz, C4H.C¢H), 7.56 (2H, d, ] =
8.6 Hz, CsH, C;H), 7.45 (2H, d, 8.6 Hz, CoH, Ci3H), 7.34-7.42 (2H, m,
CqpH, CoH), 7.21 (1H, t, ] = 8.8 Hz, C4sH), 7.03 (2H, t, J = 8.8 Hz, C3oH,
C4sH), 6.92 (2H, d, J = 8.8 Hz, C;oH, Ci;H), 6.68 (1H, dd, (J = 8.4 Hz, 2.6
Hz), C4sH,), 6.62 (1H, dd, (J = 12.6 Hz, 2.5 Hz), C4sH3), 3.95 (2H, t, 6.4 Hz,
0-C4Hy), 3.92 (2H, t, 6.4 Hz, O-C;sHy), 1.67-1.88 (4H, m, C;5H,, CsHy)
1.43-1.57 (4H, m, CisH,, C17H,) ppm.

(75 MHz, CDCl3): 8¢ 162.6 (g, C4s-F(Ar)), 161.4 (q, Css-F(Ar)), 159.7 (q,
Cii(Ar)), 158.5 (g, Cs7(Ar)), 144.2 (q, Cs(Ar)), 131.5 (t, C;3 (Ar), C+(Ar)),
130.7 (g, Cs(Ar)), 1303 (q, Cu(Ar)), 129.8 (t, Cu/Cyr(Ar)), 1294 (1,
C40/Cy2(Ar)), 127.3 (t, C4(Ar), Ce(Ar)), 126.1 (1, Co(Ar), Cy3(Ar)), 119.3 (q,
C41(Ar)), 118.1 (g, C1(CN)), 114.4 (1, C46/Cus(Ar)), 114.1 (t, Cye/Cyg(Ar)),
114.0 (t, Co(Ar), Ci2(Ar)), 109.8 (t, Cyo(Ar)), 109.0 (g, Cx(Ar)), 101.7 (t,
Cy3/Cs9(Ar)), 101.3 (1, C43/Cs9(Ar)) 67.2 (s, C1(OCHy)), 669 (s,
C19(OCHy)), 28.1 (s, Ci5.18(CHa)), 28.0 (s, Cis:15(CHa)), 24.8 (s, Ci5.15(CHz))
ppm.

(Solid) Vimax: 2940(m) (C-Hy), 2866(m) (C-Ha), 2221 (m) (C=N), 1602(s)
(Ar), 1519(s) (Ar), 1493(s) (Ar) em™.
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EIMS:

m/z 483 (IM]", 17%), 277 ([C20H220]1", 4%), 206 ([C,sH1,0]", 100%), 177
([C13HeO]", 100%), 83 ([CsH 11", 88%), 55 ([C4H7] T, 65%)

1 -(4’-Cyanobiphenyl-4-oxy-)-7-(3,4’-difluorobiphenyl-4-oxy-)-heptane

Rf
"H NMR

3C NMR

IR

EIMS:

O N0 13
C3:H2F2NO,
497.59

0.69; 100% DCM [1 spot by TLC]

(300 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C;H,CcH), 7.56 (2H, d, ] =
8.6 Hz, CsH, C;H), 7.45 (2H, d, 8.8 Hz, CoH, C;3H), 7.33-7.42 (2H, m,
CuoH, CioH), 7.21 (1H, t, J = 9.5 Hz, C4H), 7.03 (2H, t, J] = 8.7 Hz, C3oH,
C4H), 6.92 (2H, d, J = 8.8 Hz, CioH, C1,H), 6.68 (1H, dd, (J = 8.6 Hz, 2.4
Hz), CssHy), 6.62 (1H, dd, (J = 12.6 Hz, 2.4 Hz), C4cH,), 3.94 2H, t, 6.4 Hz,
0-C14H,), 3.91 (2H, t, 6.4 Hz, O-CoHy), 1.66-1.85 (4H, m, C;sH,, C oHy)
1.30-1.57 (6H, m, CH,, C17H,, CsH,) ppm.

(75 MHz, CDCI3): 8¢ 163.4 (q, Cas-F(Ar)), 161.7 (g, C3s-F(Ar)), 159.8 (q,
Cii(AD), 157.9 (q, C4r(Ar)), 145.3 (g, Cs(Ar)), 132.6 (t, C3 (Ar), C5(Ar)),
131.3 (g, Cs(Ar)), 130.9 (q, Cus(Ar)), 130.9 (t, Cso/Cs(Ar)), 130.4 (1,
C40/Caa(Ar)), 128.3 (t, C4(Ar), Ce(AD)), 127.1 (t, Co(Ar), Cy3(Ar)), 120.1 (q.
Cy(Ar), 119.1 (g, C1(CN)), 115.5 (t, Cy4e/Cas(Ar)), 115.2 (t, Cae/Cas(Ar)),
115.1 (t, Cro(Ar), Cra(Ar)), 110.8 (t, Cye(Ar)), 110.0 (q, Ca(Ar)), 102.7 (4,
C43/Cio(Ar)), 1023 (&, Ca/Cso(Ar)) 68.3 (s, C1a(OCHy)), 68.0 (s,
C20(0CH>)), 29.1 (s, Cys.19(CHa)), 29.1 (s, Ci5:09(CHa)), 26.0 (s, Cis.19(CHy))
ppm.

(Solid) Vinax: 2939(m) (C-H,), 2866(m) (C-H,), 2219 (m) (C=N), 1604(s)
(Ar), 1518(s) (Ar), 1491(s) (Ar) cm™.

m/z 497 ([M]", 32%), 219 ([Ci6H20]", 5%), 206 ([CsH;,0]", 100%), 151
([C12H7]", 5%), 97 (IC7H13]", 13%), 55 ([CaHy] ", 34%)

(V8]
wn
(8]



1 -(4’-Cyanobiphenyl-4-oxy-)-8-(3,4’-difluorobiphenyl-4-oxy-)-octane

Cr .
O % /S Cs3H31F2NO;
o~ ) 511.62

Rf
'H NMR

3BC NMR

IR

EIMS:

0.70; 100% DCM
(300 MHz, CDCl3): 8 7.61 (2H, d, J = 8.6 Hz, C;H,C¢H), 7.55 (2H, d, J =
8.6 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Ci3H), 7.33-7.42 (2H, m,
CsoH, C,oH), 7.21 (1H, t, J = 9.2 Hz, C4H), 7.02 (2H, t, J = 8.9 Hz, C3oH,
C4sH), 6.92 (2H, d, J = 8.8 Hz, C\oH, CoH), 6.68 (1H, dd, (J = 8.6 Hz, 2.6
Hz), C4sHa), 6.62 (1H, dd, (J = 12.3 Hz, 2.2 Hz), C4H,), 3.94 (2H. t, 6.4 Hz,
0-C14H,), 3.90 (2H, t, 6.4 Hz, O-CH,), 1.66-1.83 (4H, m, C;sH,, CaoHy)
1.27-1.50 (8H, m, C4H,, C17H3, C1gH,, C19Hz) ppm.

(75 MHz, CDCl3): 8¢ 162.2 (g, Cys-F(Ar)), 160.7 (q, Css-F(Ar)), 158.8 (q,
Cii(Ar)), 157.6 (q, Cer(AD)), 144.3 (q, Cs(Ar)), 131.5 (t, C3 (Ar), CA(Ar)),
130.3 (q, Cs(Ar), 129.8 (g, Cas(Ar)), 129.7 (t, Cs/Cax(Ar)), 129.4 (1,
Cao/Caa(Ar)), 127.3 (t, C4(Ar), Ce(A1)), 126.1 (1, Co(Ar), Ci3(Ar)), 119.2 (q,
Ca1(Ar)), 118.1 (g, C1(CN)), 114.5 (t, Cye/Cas(Ar)), 114.1 (t, Cy4e/Cas(Ar)),
114.1 (t, Cro(Ar), Cr2(Ar)), 109.8 (t, Cyo(Ar)), 109.1 (q, Ca(Ar)), 101.7 (4,
Ci3/Cao(Ar)), 1013 (t, Cu/Cso(Ar)) 674 (s, C14(OCHy)), 67.1 (s,
C21(OCH,)), 28.2 (s, Ci5.20(CHa)), 28.2 (s, C1520(CHa)), 24.9 (s, Ci5.20(CH2))
ppm.

(Solid) Vmax: 2936(m) (C-H,), 2854(m) (C-Hy), 2219 (m) (C=N), 1602(s)
(Ar), 1518(s) (Ar), 1492(s) (Ar) em’.

m/z 511 (IM]", 46%), 206 ([C1sH;10]", 100%), 195 (|C13HoNOT', 72%), 69
([CsHo] ™, 48%), 55 ([C4H7]", 28%)

1 -(4’-Cyanobiphenyl-4-oxy-)-9-(3,4’- dlfluoroblphenyl 4-oxy-)-nonane

15
Cs4H33F,NO,
525.64



Rf
"H NMR

3C NMR

IR

EIMS:

0.71; 100% DCM [1 spot by TLC]
(300 MHz, CDCl3): 8 7.61 (2H, d, ] = 8.6 Hz, C4H,C¢H), 7.55 (2H, d, J =
8.6 Hz, C3H, C/H), 7.44 (2H, d, 9.0 Hz, CoH, C3H), 7.33-7.41 (2H, m,
CaoH, C4oH), 7.21 (1H, t, ] = 9.2 Hz, C4oH), 7.02 (2H, t, ] = 8.8 Hz, C3oH,
CsH), 6.91 (2H, d, J = 8.8 Hz, C,oH, C1oH), 6.67 (1H, dd, (J = 8.6 Hz, 2.6
Hz), C4sHy), 6.62 (1H, dd, (J = 12.3 Hz, 2.6 Hz), C4H,), 3.93 (2H, t, 6.4 Hz,
0-C4Hy), 3.90 (2H. t, 6.4 Hz, O-CH,), 1.63-1.82 (4H, m, C;sH,, CyHy)
1.24-1.52 (10H, m, Ci¢H,, C17H,, C gHz, Ci9Hz, C2oHy) ppm.

(75 MHz, CDCL): 8¢ 163.7 (q, Cys-F(A1)), 161.9 (q, C3s-F(Ar)), 159.8 (q.
C1i(Ar)), 158.5 (q, Car(Ar)), 145.3 (q, Cs(Ar)), 132.6 (t, C3 (Ar), CA(Ar)),
131.3 (q. Cs(Ar), 130.8 (q, Cu(Ar)), 130.8 (t, Cs/Cp(Ar)), 130.4 (t,
C40/Caa(Ar)), 128.3 (t, C4(Ar), Ce(Ar)), 127.1 (t, Co(Ar), C13(Ar)), 119.1 (q,
Ca(AD), 119.1 (g, C1(CN)), 115.4 (t, C46/Cag(Ar)), 115.2 (t, Css/Cys(Ar)),
115.1 (t, Cio(Ar), Cra(Ar)), 110.9 (t, Cas(Ar)), 110.7 (q, Cy(Ar)), 102.7 (1,
Ci3/Cao(Ar)), 102.4 (1, Cg3/Cso(Ar)) 68.4 (s, Ci4(OCHp), 682 (s,
C22(OCH,)), 29.4 (s, C15:21(CH2)), 29.3 (s, C15.21(CHy)), 29.2 (s, C15.21(CH)),
29.1 (s, Ci521(CHy)), 26.0 (s, Ci521(CH2)) ppm.

(Solid) Vimax: 2933(m) (C-Ha), 2852(m) (C-Hy), 2223 (m) (C=N), 1600(s)
(Ar), 1519(s) (Ar), 1492(s) (Ar) cm™.

m/z 525 (IM]", 54%), 330 ([C23H2sNO]", 5%), 206 ([C5H;10]", 100%), 195
([C13HoNOT", 72%), 83 ([CeH11] ", 48%), 69 ([CsHol", 28%)

1 -(4’-Cyanobiphenyl-4-oxy-)-10-(3,4’-difluorobiphenyl-4-oxy-)-decane
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Rf
"H NMR

16
—F  C35H35F,NO,
539.67

0.72; 100% DCM [1 spot by TLC]

(300 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C;H,CcH), 7.55 (2H, d, J =
8.8 Hz, CsH, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Ci3H), 7.33-7.42 (2H, m,
CypH, CpH), 7.21 (1H, t, J = 9.2 Hz, C4H), 7.02 (2H, t, J = 8.8 Hz, C3oH,
CqH), 6.91 (2H, d, J = 9.0 Hz, C;oH, CxH), 6.67 (1H, dd, (J = 8.6 Hz, 2.6
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Hz), C4sHy), 6.62 (1H, dd, (J = 12.3 Hz, 2.6 Hz), C4H3), 3.93 (2H, t, 6.4 Hz,
0-C4Hy), 3.90 (2H, t, 6.4 Hz, O-Cy3Hy), 1.65-1.82 (4H, m, C,sH,, CxnHy)
1.17-1.51 (10H, m, Ci6H,, C7H;, C1sH,, C19H,, CoHy, Cy1H,) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 163.6 (q, Cus-F(Ar)), 161.5 (q, Css-F(Ar)), 159.8 (q.
C11(AD)), 158.5 (q, Car(Ar)), 145.3 (q, Cs(Ar)), 132.6 (t, Cs (Ar), C+(Ar)),
131.3 (q, Cs(Ar)), 130.8 (q, Cas(Ar)), 130.8 (t, Cso/Ci(Ar)), 1304 (4,
Ca0/Cia(Ar)), 128.3 (t, C4(Ar), C4(Ar)), 127.1 (t, Co(Ar), Ci3(Ar)), 120.5 (q,
Ca(AD), 119.1 (q, C1(CN)), 115.4 (t, C4s/Cag(Ar)), 115.2 (t, Cse/Cas(AD)),
115.1 (t, Cro(Ar). C12(AD)), 110.9 (t, Cao(Ar)), 110.1 (q, Ca(Ar)), 102.7 (1,
Cu/Cso(Ar)), 1024 (t, Ca3/Cso(Ar)) 684 (s, Ci4(OCH), 682 (s,
C23(0OCHy)), 29.5 (s, C1s5:22(CHz)), 29.3 (s, Ci5.22(CHa)), 29.2 (s, C1s5.22(CH)),
29.1 (s, C15.22(CHy)), 26.0 (s, Cy5.22(CHy)) ppm.

IR (Solid) Vimax: 2918(m) (C-Hy), 2850(m) (C-Hy), 2232 (m) (C=N), 1600(s)
(Ar), 1518(s) (Ar), 1472(s) (Ar)

EIMS:  m/z 539 ([M]", 46%), 344 ([C22HasOF", 6%), 333 ([C23H,sNOJ", 7%), 206,
([C1sH110]", 100%), 195 ([C13HoNOJ', 93%), 69 ([CsHo] ', 48%), 55
([CsH51", 28%)

1 -(4’-Cyanobiphenyl-4-oxy-)-11-(3,4’-difluorobiphenyl-4-oxy-)-undecane

10 15 17 19 21 23

O
gm 4 6 e 2 22 24 17

3 4 b e 4 N C36H3,F,NO;,
/@N i 553.70
y = N F

Rf 0.73; 100% DCM [1 spot by TLC]

THNMR (300 MHz, CDCls): 8y 7.61 (2H, d, ] = 8.6 Hz, C,H,CgH), 7.55 (2H, d, J =
8.8 Hz, C3H, C-H), 7.44 (2H, d, 8.8 Hz, CoH, C3H), 7.33-7.41 (2H, m,
CuoH, CioH), 7.21 (1H, t, J = 9.0 Hz, CgoH), 7.02 (2H, t, J = 8.8 Hz, C3oH,
Cy;H), 6.91 (2H, d, J = 9.0 Hz, CoH, C1oH), 6.67 (1H, dd, (J = 8.4 Hz, 3.2
Hz), CusHy), 6.62 (1H, dd, (J = 12.3 Hz, 2.2 Hz), C4sHy), 3.93 (2H, t, 6.4 Hz,
0-C1,Hz), 3.89 (2H, t, 6.4 Hz, 0-CosHy), 1.55-1.82 (4H, m, CysH,, CasHy)
1.14-1.51 (12H, m, C1¢Ha, Ci7Ha, C15Ha, C1oHa, CaoHa, Co1H,, CooHa) ppm.

o)
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BCNMR (75 MHz, CDCl3): 8¢ 163.7 (q, Cas-F(Ar)), 161.8 (q, Css-F(Ar)), 159.9 (g,

IR

EIMS:

C1i(Ar)), 159.9 (q, C4x(Ar)), 145.3 (g, Cs(Ar)), 132.6 (t, Cs (Ar), C+Ar)),
131.8 (q, Cs(Ar)), 131.3 (q, Cu(Ar)), 130.8 (t, Cu/Car(Ar)), 1304 (t,
Ca0/Cax(Ar)), 128.3 (t, C4(Ar), C4(Ar)), 127.1 (t, Co(Ar), Ci3(Ar)), 120.2 (q,
Ca(Ar), 119.1 (g, Ci(CN)), 115.4 (1, C46/Cag(Ar)), 1152 (t, Ca6/Cas(Ar)),
115.1 (t, Cio(Ar), Cra(A1)), 110.9 (t, Cyo(Ar)), 110.1 (q, Cy(Ar)), 102.7 (1,
C4/Cso(Ar)), 102.4 (t, Cg/Cyo(Ar)) 68.5 (s, C(OCH,)), 682 (s,
C23(OCH>)), 29.5 (s, C15.22(CHy)), 29.3 (s, Ci5.22(CHy)), 29.2 (s, C15.22(CHa)),
29.1 (s, Cy5.22(CH2)), 26.0 (s, Cy5.22(CH2)) ppm.

(Solid) Viax: 2918(m) (C-Hy), 2849(m) (C-H,), 2224 (m) (C=N), 1602(s)
(Ar), 1519(s) (Ar), 1492(s) (Ar) em™.

m/z 553 (IM]", 46%), 332 ([C23HNOT", 7%), 206, ([C1sH,, 0], 100%), 195
(IC13HoNOT, 87%), 177 ([C12H170]", 6%), 69 ([CsHo] ¥, 14%), 55 ([CsHy],
26%)

7.2.3. CBOnOBF3; o -(4’-cyanobiphenyl-4-oxy-)-0-(3’,4°,5’-trifluorbiphenyl-

4-oxy-)-alkane

n Temperature /°C Mass Yield
Cr N I g %
4 ® 126 ° 144 ® 498 81%
5 . 46 e 55 ) 447 46%
6 . 115 ) 126 ) 462 69%
7 . 86 ® (73) ) 501 88%
8 ® 108 ® 120 ° 120 21%
9 ® 79 ® 88 ® 362 58%
10 ® 123 ) (108) ® 456 76%
11 e 77 ® 92 ® 320 59%

1 -(4’-Cyanobiphenyl-4-oxy-)-4-(3°,4’,5’-trifluorobiphenyl-4-oxy-)-butane

18
C2oH24F3NO;
473.50




Proceedure:

To a stirred solution of 3°.4°,5’-difluorobiphenyl-4-ol (250 mg, 1.11 mmol, leq) in dry

butan-2-one (40 mL) was added potassium carbonate (276 mg, 2.00 mmol, 1.8 eq) in one

portion and the suspension was then heated to reflux for approximately 20 min under

nitrogen. The mixture was allowed to cool prior to the addition of I-(cyanobiphenyloxy)-

butyl-4-bromide (414 mg, 1.11 mmol, 1 eq) in one portion and a catalytic quantity of

sodium iodide (80 mg). The reaction mixture was then heated at reflux for 3 days, cooled

and the solvents were removed in vacuo. The pale yellow solid which remained was

partitioned between DCM (50 mL) and water (50 mL). The organic layer was separated

and the aqueous layer was washed with further portions of DCM (3 x 50 mL). The

organic extracts were combined and dried over anhydrous magnesium sulphate. This was

filtered off and the solvent was then removed in vacuo leaving a white crude product.

This was purified by column chromatography (silica gel, 40 mm x 70 mm; 1-5% ether /

40-60 petroleum) to yield 18 as a white microcrystalline solid.

Rf 0.66; 100% DCM [1 spot by TLC]

"THNMR (300 MHz, CDCl;): 8y 7.62 (2H, d, J = 8.6 Hz, C,H,C4H), 7.56 (2H, d, J =
8.6 Hz, C;H, C;H), 7.46 (2H, d, ] = 8.8 Hz, CoH, Ci3H), 7.34 (2H, d, ] = 8.8
Hz, Cs2H, CsgH), 7.05 (2H, dd, J = 9.1 Hz, 6.5 Hz, Cs;H, CssH), 6.93 (2H, t,
J =9.0 Hz, CsoH, C¢ H), 6.89 (2H, d, J = 8.8 Hz, Ci(H, C|;H), 3.93 — 4.12
(4H, m, O-C4H;,0-C 7H>), 1.86-2.05 (4H, m, CisH;, CisHy) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 159.9 (q, Ceo(Ar), 159.2 (q, Cyi(Ar)), 1452 (q,
Cs(Ar)), 136.9 (m, Cs3-F(Ar), Css-F (Ar)), 132.6 (t, Cs (Ar), C+(Ar)), 131.5
(g, Cs(Ar)), 130.6 (q, Cs7(Ar)), 128.4 (t, C4(Ar), Co(Ar)), 128.0 (t, Css(Ar),
Ce2(Ar)), 127.1 (t, Co(Ar), Ci3(Ar)), 119.1 (g, Ci(CN)), 115.1 (t, Cso(Ar),
Cs1(Ar)), 115.0 (t, Cyo(Ar), C12(Ar)), 110.6 (g, Csa(Ar)), 110.3 (g, C2(Ar)),
110.1 (g, Cs7(Ar)), 67.6 (s, C14(OCH2»)), 26.0 (s, Ci5,16(CH2)) ppm.

IR (Solid) Vinax: 2933(m) (C-Hy), 2873(m) (C-H,), 2226 (m) (C=N), 1601(s)
(Ar), 1537(s) (Ar), 1507(s) (Ar) cm™.

EIMS:  m/z 473 (IM]", 21%), 279 ([C16H14F30]", 7%), 208, ([C15H1,0]", 100%), 195
([C13HoNO]', 87%), 55 ([C4H4]", 26%)
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Elemental Analysis: C,oHF3NO;: (Expected) C 73.50, H 5.07, N 2.96; (Found) C
73.51,H5.07, N2.96

1 -(4’-Cyanobiphenyl-4-oxy-)-5-(3’,4’,5’-trifluorobiphenyl-4-oxy-)-pentane

Rf
'"H NMR

BC NMR

O AN 19
C3oHz6F3NO,
487.53

0.67; 100% DCM [1 spot by TLC]

(300 MHz, CDCls): 6y 7.62 (2H, d, ] = 8.6 Hz, C,H.CsH), 7.56 2H, d, ] =
8.6 Hz, CsH, C;H), 7.45 (2H, d, J = 8.8 Hz, CoH, C3H), 7.34 (2H, d, J = 8.8
Hz, Ce;H, CsgH), 7.05 (2H, dd, J = 9.1 Hz, 6.5 Hz, Cs3H, CssH), 6.92 (2H, t,
J =9.0 Hz, CsoH, C4;H), 6.88 (2H, d, J = 8.8 Hz, CioH, C,H), 3.90 - 4.01
(4H, m, O-C4;H;,, O-C4Hy), 1.42-1.61 (4H, m, Ci5H,, Ci7H,), 1.86-2.05 (2H,
m, CiHy) ppm.

(75 MHz, CDCl): o8¢ 159.7 (q, Ceo(Ar)), 159.4 (q, Cii(Ar)), 145.2 (q,
Cs(Ar)), 132.6 (t, C3 (Ar), C+(Ar)), 131.4 (q, Cs(Ar)), 130.5 (q, Cs#(Ar)),
128.4 (t, C4(Ar), Ce(Ar)), 127.9 (1, Css(Ar), Ce2(Ar)), 127.1 (t, Co(Ar),
Ci3(Ar)), 119.1 (g, C1(CN)), 115.1 (t, Cso(Ar), Csi(Ar)), 115.0 (t, Cio(Ar),
Ci2(Ar)), 110.6 (q, Css(Ar)), 110.3 (q, Ca(Ar)), 110.1 (q, Cs7(Ar)), 67.6 (s,
C14(OCHy)), 26.0 (s, Ci5.17(CH2)), 26.0 (s, Cys.17(CH>)) ppm.

Note: No Peak found for Cs3-F(Ar) and Css-F (Ar) Expected around 8¢ = 137 ppm

IR

EIMS:

Signal too weak

(Solid) viax: 2946(m) (C-Hy), 2221 (m) (C=N), 1602(s) (Ar), 1537(s) (Ar),
1507(s) (Ar) cm™.

Not obtained

1 -(4’-Cyanobiphenyl-4-oxy-)-6-(3’,4’,5’-trifluorobiphenyl-4-oxy-)-hexane

10
o
4 O 15
3 T 7
14 18
5 ° 12 16
4 18
7 " 0O
N= 6
7

20
C31HysF3NO;
501.55




Rf 0.68; 100% DCM [1 spot by TLC]

"THNMR (300 MHz, CDCly): 8y 7.61 (2H, d, J = 8.6 Hz, C4H,C4H), 7.55 (2H, d, J =
8.6 Hz, C;H, C;H), 7.45 (2H, d, J = 8.8 Hz, CoH, C3H), 7.33 (2H, d, J = 8.8
Hz, CgH, CssH), 7.05 (2H, dd, J = 9.1 Hz, 6.4 Hz, Cs;H, CssH), 6.92 (2H, t,
J =19.0 Hz, CsoH, C¢H), 6.88 (2H, d, J = 9.0 Hz, C,xH, C,H), 3.96 (2H, t, ]
= 6.4 Hz, O-C\4H,), 3.94 (2H, t, J = 6.4 Hz, O-C\yH,), 1.67-2.05 (4H, m,
C5H,, CigH,), 1.40-1.58 (4H, m, C;¢Hz, Ci7H,) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 159.8 (q, Ceo(Ar)), 159.5 (q, Cri(Ar), 145.3 (q,
Cs(Ar)), 132.6 (t, Cs (Ar), C4(Ar)), 131.4 (q, Cs(Ar)), 130.5 (q, Cs7(Ar)),
128.4 (t, C4(Ar), Cg(Ar)), 127.9 (t, Css(Ar), CeAr)), 127.1 (t, Co(Ar),
Cy3(Ar), 119.1 (g, C1(CN)), 115.1 (t, Cso(Ar), Cei(Ar)), 115.0 (t, Cro(Ar),
Cy2(Ar)), 110.6 (q, Cs4(Ar)), 110.3 (g, Ca(Ar)), 110.1 (q, Cs7(Ar)), 68.0 (s,
C14(OCHy), C19(OCHy)), 29.2 (s, Ci5.18(CH))), 25.9 (s, Cy5.18(CHz)) ppm.

Note: No Peak found for Cs3-F(Ar) and Css-F (Ar) Expected around d¢ = 137 ppm
Signal too weak

IR (Solid) Viax: 2940(m) (C-Hy), 2962(m) (C-H,), 2228 (m) (C=N), 1600(s)
(Ar), 1537(s) (Ar), 1505(s) (Ar) cm™.

EIMS: m/z 501 (IM]", 59%), 224, ([C17H,50]", 100%), 195 ([C13HoNO]", 87%), 55
([C4HA]", 26%)

1 -(4’-Cyanobiphenyl-4-oxy-)-7-(3’,4’,5’-trifluorobiphenyl-4-oxy-)-heptane

O N N 21
Cs3H3F3NO,
515.58

Rf 0.69; 100% DCM [1 spot by TLC]

'THNMR (300 MHz, CDCl3): 8y 7.71 (2H, d, J = 8.6 Hz, C4H,CsH), 7.65 2H, d, ] =
8.7 Hz, C;H, C;H), 7.54 (2H, d, J = 8.6 Hz, CoH, C)3H), 7.43 (2H, d, J = 8.8
Hz, CsH, CssH), 7.14 (2H, dd, J = 9.0 Hz, 6.6 Hz, Cs;H, CssH), 7.01 2H, t,
J = 8.8 Hz, CsoH, C;H), 6.97 (2H, d, J = 9.0 Hz, C,(H, C;;H), 3.98 — 4.09



(2H, m, O-Cy4H,, O-C19Hy), 1.69-1.99 (4H, m, CsH3, C;9H3), 1.69-1.99 (6H,
m, CisHz, Ci7H,, CigHz) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 159.8 (q, Ceo(Ar)), 159.4 (q, Cii(Ar)), 1453 (q,
Cs(Ar)), 132.6 (t, C;3 (Ar), C7(Ar)), 131.3 (q, Cs(Ar)), 130.8 (g, Csi(Ar)),
128.3 (t, C4(Ar), Cg(Ar)), 127.9 (t, Csg(Ar), Ce(Ar)), 127.1 (t, Co(Ar),
Ci3(Ar)), 119.1 (g, C1(CN)), 115.1 (t, Cse(Ar), Csi1(Ar)), 115.0 (1, Cip(Ar),
Cia(Ar)), 110.6 (q, Csq(Ar)), 110.4 (q, C2(Ar)), 110.1 (g, Cs7(Ar)), 68.0 (s,
C14(OCH,), C2(0OCHy)), 29.2 (s, Cy5.19(CHy)), 26.2 (s, Ci5.19(CHa)), 26.0 (s,
Ci519(CHz)) ppm.

Note: No Peak found for Cs3-F(Ar) and Css-F (Ar) Expected around &¢ = 137 ppm
Signal too weak

IR (Solid) Vimax: 2938(m) (C-Hy), 2962(m) (C-H3), 2221 (m) (C=N), 1698(s)
(Ar), 1535(s) (Ar), 1504(s) (Ar) em’.

EIMS: m/z 515 ([M]", 59%), 224, ([C17H;50]", 100%), 195 ([C13HoNO]", 87%), 55
([C4H7]", 26%)

1 -(4’-Cyanobiphenyl-4-oxy-)-8-(3’,4°,5’-trifluorobiphenyl-4-oxy-)-octane

N 22
P - O 15 . - F
3 _ M 59 C33H30F3N02
1 2t
A TN O 529.61
P 0
7 8!
&1

Rf 0.70; 100% DCM [1 spot by TLC]

'THNMR (300 MHz, CDCl3): 8y 7.62 (2H, d, J = 8.6 Hz, C,H,CgH), 7.56 (2H, d, ] =
8.6 Hz, C;H, C/H), 7.45 (2H, d, ] = 8.8 Hz, CoH, C3H), 7.34 2H, d, ] = 8.6
Hz, CeoH, CsgH), 7.05 (2H, dd, J = 9.0 Hz, 6.4 Hz, Cs3H, CssH), 6.62 (2H, t,
1=9.0 Hz, CsoH, CeH), 6.88 (2H, d, ] = 8.8 Hz, C1oH, CioH), 3.94 (2H, ¢, J
= 6.4 Hz, O-C14Hy), 3.93 QH, t, ] = 6.4 Hz, O-Cy1H3), 1.66-1.84 (4H, m,
C15Ha, CaoHa), 1.30-1.55 (8H, m, C sHa, C17Ha, CisHj, CoHy) ppm.

BCNMR (75 MHz, CDCly): 8¢ 159.8 (g, Ceo(Ar)), 159.5 (q, Ci(Ar), 1452 (q,
Cs(Ar)), 132.6 (t, C3 (Ar), C«(Ar)), 131.3 (g, Cs(Ar)), 131.0 (q, Csx(Ar)),
128.3 (1, Ca(Ar), Cs(AD), 127.9 (t. Css(Ar), Cex(Ar)), 127.1 (t, Co(Ar),
Cis(Ar), 119.2 (g, C1(CN)), 115.1 (t, Cso(Ar), Cei(Ar)), 115.0 (t, Cro(Ar),
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Cia(Ar)), 110.6 (q, Css(Ar)), 110.3 (g, C2(AD), 110.1 (q, Csr(Ar)). 68.1 (s,
C14(OCH2), C21(OCH2)), 29.3 (S, C15_20(CH2)), 29.2 (S, C15_20(CH2)), 26.0 (S,
Cls_zo(CHQ_)) ppm.

Note: No Peak found for Cs3-F(Ar) and Css-F (Ar) Expected around 8¢ = 137 ppm

IR

EIMS:

Signal too weak

(Solid) Vipax: 2933(m) (C-Hy), 2954(m) (C-H;), 2225 (m) (C=N), 1600(s)
(Ar), 1539(s) (Ar), 1507(s) (Ar) cm™.

m/z 529 ([M]", 59%), 224, ([C17H,50]", 87%), 195 ([C13HNOT", 100%), 69
(IC4H]", 57%), 55 ([C4H7]", 28%)

1 -(4’-Cyanobiphenyl-4-oxy-)-9-(3’,4’,5’-trifluorobiphenyl-4-oxy-)-nonane

Rf
'"H NMR

BC NMR

23
C34H3:F3NO;
543.63

0.71; 100% DCM [1 spot by TLC]
(300 MHz, CDCl;): éy 7.61 (2H, d, J = 8.6 Hz, C4H,CcH), 7.55 2H, d, J =
8.6 Hz, C;H, C;H), 7.45 (2H, d, J = 8.8 Hz, CoH, Ci3H), 7.33 (2H, d, J = 8.8
Hz, CeoH, CssH), 7.05 (2H, dd, J = 9.1 Hz, 6.5 Hz, Cs;H, CssH), 6.91 (2H, t,
J=9.0 Hz, CsoH, C¢ H), 6.88 (2H, d, ] = 8.8 Hz, C,oH, C;H), 3.93 (2H, t, J
= 6.4 Hz, O-C14Hy), 3.91 2H, t, ] = 6.4 Hz, O-CaoHy), 1.65-1.82 (4H, m,
CysHy. CyHy), 1.30-1.55 (10H, m, C1¢Ha, C17Ha, CisHa, CioHy, CaoHy) ppm.
(75 MHz, CDCly): 8¢ 159.8 (g, Ca(Ar), 159.5 (q. Ciy(Ar), 1453 (q,
Cs(AD). 132.6 (t. Cs (AD), C5(AD), 1313 (q, Cs(AD), 130.4 (q, Csy(AD)),
1283 (1. C4(Ar), Co(AD), 127.9 (1, Css(Ar), CexAr), 127.1 (1, Co(Ar),
Cis(AD), 119.1 (q, Ci(CN)), 115.1 (t, Css(Ar), Cer(Ar)), 115.0 (t, Cro(Ar),
Cia(AD), 110.5 (q, Css(A), 110.3 (q, Ca(AD), 110.0 (g, Cs7(Ar)), 68.1 (s,
C14(OCH,), C2(OCH3)), 29.5 (s, Ci521(CHa2)), 29.3 (s, Ci5.21(CHy)), 29.3 (s,
Ci521(CHy)), 26.0 (s, Ci5-21(CHy)) ppm.

Note: No Peak found for Cs3-F(Ar) and Css-F (Ar) Expected around 6¢ = 137 ppm

Signal too weak



IR (Solid) Vimax: 2924(m) (C-Hy), 2851(m) (C-Hy), 2217 (m) (C=N), 1600(s)
(Ar), 1535(s) (Ar), 1503(s) (Ar) cm™.

EIMS:  m/z 543 ([M]', 59%), 224, ([C17H,50]", 40%), 195 ([C13HoNO]", 100%), 69
([CaHA]™, 21%), 55 ([C4H7]", 21%)

1 -(4’-Cyanobiphenyl-4-oxy-)-10-(3’,4’,5’-trifluorobiphenyl-4-oxy-)-decane

4 = - 0 15 . 24
NN, TN 2 CssH34F3NO,
=T TOETNA 557.66
Rf 0.72; 100% DCM [1 spot by TLC]

"HNMR (300 MHz, CDCl3): 8y 7.62 (2H, d, J = 8.6 Hz, C;H,C¢H), 7.56 (2H, d, J =
8.6 Hz, C3H, C;H), 7.45 (2H, d, ] = 8.8 Hz, CoH, C;3H), 7.34 (2H, d, ] = 8.8
Hz, CeoH, CsgH), 7.05 (2H, dd, J = 9.1 Hz, 6.5 Hz, Cs3H, CssH), 6.92 (2H, t,
J = 9.0 Hz, CsoH, CeH), 6.88 (2H, d, J = 8.8 Hz, C;oH, C1oH), 3.81-4.00
(4H, m, O-C14H,, O-Cy3Hy), 1.62-1.87 (4H, m, C;sH,, CoHy), 1.16-1.57
(12H, m, CisH,, Ci7H3, CigHy, Ci9Hz, CoH,, Co1Hy) ppm.

BCNMR (75 MHz, CDClLy): 8¢ 158.8 (q, Ceo(Ar)), 158.5 (q, Cii(Ar), 144.2 (q,
Cs(Ar)), 131.6 (t, C3 (Ar), C«(Ar)), 130.2 (q, Cs(Ar)), 129.4 (q, Cs(Ar)),
127.3 (1, C4(Ar), Ce(Ar)), 126.9 (t, Css(Ar), CexAr)), 126.0 (t, Co(Ar),
Ci3(Ar)), 118.2 (g, C1(CN)), 114.0 (t, Cso(Ar), Cei(Ar)), 114.0 (1, Cio(Ar),
Cia(Ar)), 109.5 (q, Css(Ar)), 109.2 (q, Ca(Ar)), 109.0 (q, Cs7(Ar)), 67.1 (s,
C14(OCH,), C33(OCH,)), 28.5 (s, Ci5.22(CHy)), 28.3 (s, Cis.22(CHy)), 28.2 (s,
Ci5.22(CHy)), 25.0 (s, Ci5.22(CH,)) ppm.

Note: No Peak found for Cs3-F(Ar) and Css-F (Ar) Expected around 6¢ = 137 ppm
Signal too weak

IR (Solid) Vamax: 2919(m) (C-Hy), 2850(m) (C-Hy), 2229 (m) (C=N), 1600(s)
(Ar), 1537(s) (Ar), 1506(s) (Ar) cm™.

EIMS:  m/z 557 (IM]", 56%), 362, ([C27H»0:]", 5%), 224, ([C;7H;50]", 80%), 195
([C13HoNOT", 100%), 69 ([C4H4]", 17%), 55 ([C4H7]", 33%)



1 -(4’-Cyanobiphenyl-4-oxy-)-11-(3’,4’,5’-trifluorobiphenyl-4-oxy-)-undecane

BC NMR

IR

EIMS:

15 17 19 21 23

25
C36H36F3NO,
571.69

0.73; 100% DCM [ spot by TLC]

(300 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C4H,C¢H), 7.56 (2H, d, ] =
7.8 Hz, C;H, C;H), 7.45 (2H, d, ] = 8.8 Hz, C¢H, C 3H), 7.33 2H, d, ] = 8.6
Hz, CeH, CssH), 7.04 (2H, dd, J = 9.1 Hz, 6.5 Hz, Cs3H, CssH), 6.91 (2H, t,
J = 8.8 Hz, CsoH, C4/H), 6.88 (2H, d, ] = 8.8 Hz, C¢H, Ci;H), 3.83-4.02
(4H, m, O-C;Hy, O-Co4Hy), 1.64-1.84 (4H, m, CisH,, CpHy), 1.16-1.52
(14H, m, C sH,, C\7H,, CisHa, C19Ha, CooHa, Co1H,, CooHy) ppm.

(75 MHz, CDCl3): 8¢ 159.8 (q, Ceo(Ar)), 159.5 (q, Cii(Ar), 1453 (q,
Cs(AD), 136.9 (m, Cs3-F(Ar), Css-F (Ar)), 132.6 (t, C3 (Ar), C+(Ar)), 130.2
(q, Cs(Ar)), 130.4 (q, Cs7(Ar)), 128.3 (t, C4(Ar), Ce(Ar)), 127.9 (t, Css(Ar),
Cea(AD)), 127.1 (1, Co(Ar), Ci3(Ar)), 119.1 (q, Ci(CN)), 115.0 (t, Cso(Ar),
Cei(AD)), 115.0 (t, Cio(Ar), C1a(Ar)), 110.5 (g, Csy(Ar)), 110.2 (q, Ca(Ar)),
110.0 (g, Cs7(Ar)), 68.1 (s, C14(OCH,), C24(OCHa)), 29.5 (s, Ci5.23(CHy)),
29.4 (s, Cy5.23(CHa)), 29.2 (s, Ci5.23(CH,)), 26.0 (s, C15.23(CH2)) ppm.

(Solid) Viae: 2921(m) (C-Hy), 2850(m) (C-Hy), 2218 (m) (C=N), 1600(s)
(Ar), 1537(s) (Ar), 1506(s) (Ar) cm™.

m/z 571 (IM]”, 41%), 324, ([C23Ha7F30]1", 40%), 224, ([C17H15077, 90%), 195
([C13HoNOT", 100%), 69 ([C4H7]". 18%), 55 ([CsH7]", 31%)
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7.2.4. CBOnOBFy; a -(4’-cyanobiphenyl-4-oxy-)-»-(3,3’,4°,5’-
tetrafluorobiphenyl-4-oxy-)-alkane

n Temperature /°C Mass Yield
Cr N i g %
4 ® 113 ° 127 ® 434 67%
5 ° 92 ) (51) ) 419 68%
6 ° 96 ° 120 ® 340 53%
7 ® 92 ° (78) . 3840 41%
8 ° 95 ° 104 ® 250 46%
9 ® 63 ° 78 ° 2480 88%
10 ° 93 ° 102 e 80 37%
11 o 62 o 80 o 885 41%

1 -(4’-Cyanobiphenyl-4-oxy-)-6-(3,3’,4’,5’-tetrafluorobiphenyl-4-oxy-)-hexane

F
o F . 26
5 NI N O 519.54
5 5o,
N

Procedure:
To a stirred solution of 2,3°,4°,5-tetrafluorobiphen-4-ol (300 mg, 1.24 mMol, 1 eq) in

distilled butanone (40 mL) was added solid potassium carbonate (513 mg, 3.72 mMol, 3
eq) in one portion. The mixture was heated to reflux for 40 min and then allowed to cool
before the addition of 1-(cyanobiphenyloxy)-hexyl-4-bromide (466 mg, 1.31 mMol, 1.05
eq) in one portion, which dissolved in the butanone immediately. The reaction mixture
was then heated to reflux for 3 days. The solvents were removed in vacuo and the residue
partitioned between DCM and water. The aqueous layer was washed several times with
DCM (3 x 30mL) and the combined extracts dried over anhydrous MgSO, before being
concentrated in vacuo to give a crude pale yellow solid. The crude material was purified
by column chromatography (silica gel, 40 mm x 70 mm, 1-10% ether / 40-60 petroleum)
affording the title compound 26 (340 mg, 0.655 mMol 53.2%) as white micro crystalline
solid which was dried thoroughly in vacuo.
Rf 0.71; 100% DCM [1 spot by TLC]
"HNMR (300 MHz, CDCl3): &y 7.71 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.65 (2H, d, ] =
8.7 Hz, C;H, C;H), 7.55 (2H, d, 8.8 Hz, CoH, C;3H), 7.28 (1H, t, 8.8 Hz,
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BC NMR

Note:

YF NMR

IR

EIMS:

CH), 7.10-7.22 (2H, m, CgsH, CezH), 7.02 (2H, d, J = 8.8 Hz, CjoH, C,H),
6.78 (1H, dd, ] = 8.6, 2.6 Hz, CsH), 6.72 (1H, dd, J = 12.7, 2.6 Hz, C;H),
4.06 (4H, t, 6.5 Hz C14Hy), 4.01 (4H, t, 6.5 Hz CioHy), 1.72-1.86 (4H, t.
CisH,, CisHy) 1.55-1.61 (4H, t, CisH,, Ci7H,) ppm.

(75 MHz, CDCl3): 8¢ 159.8 (q, Cni(Ar)), 145.4 (q, Cs(Ar)), 132.7 (t, Cs,

CH(Ar)), 131.5(q, Cs(Ar)), 130.6(t, Cr4(Ar)), 128.5 (t, C4(Ar), Co(Ar)), 127.2

(t, Co(Ar), Cy3(Ar)), 119.3 (q, C1(CN)), 115.2 (t, Cio(Ar), Cia(Ar)), 113.0 (q,

Cesi7(Ar)), 112.7 (q, Cesie7(Ar)), 111.3 (t, C31(Ar)), 110.2 (g, C2(Ar)), 103.0

(t, Cnms(Ar), 102.6 (t, Cyms(Ar)), 684 (s, Cian9(OCHy)), 68.1 (s,

Ci419(0CH2)), 29.3 (s, Cis.18(CH2)), 29.2 (s, Cis48(CHo)), 25.9 (s, Cis

1s(CHz)) ppm.

C-F peaks were not found due to extensive coupling to fluorines reducing the

intensity of the peaks to below that of the general noise level of the spectra.

Peaks for Ce3, Ces, Cesy Cesy Ceo and Cyy are consequently not found or

reported.

(282 MHz, CgFe): 42.9 (1F, s, CoF), 62.4 (2F, s, CesF, CesF), -90.1 (1F, s,

CesF)

(Solid) viax: 2941(m) (C-H,), 2868(m) (C-H,), 2221 (m) (C=N), 1602(s)

(Ar), 1535(s) (Ar), 1503(s) (Ar) cm™.

m/z 519 (IM]", 41%), 242, ([C1.H7F40]", 40%), 195 ([C13HoNO]", 100%),
51, ([CgHsFOT", 5%), 83 ([CsHi1]", 39%), 55 ([CsH7l", 47%)

Elemental Analysis: C3,Hy7F4NO,: (Expected) C 73.91, H 5.20, N 2.69; (Found) C
73.93, HS5.11,N2.73

1 -(4’-Cyanobiphenyl-4-oxy-)-4-(3,3’,4’,5’-tetrafluorobiphenyl-4-oxy-)-butane

Rf

27
CoH3 F4NO;
491.49

0.71; 100% DCM [1 spot by TLC]
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'"H NMR

3C NMR

Note:

Yr NMR

IR

EIMS:

(300 MHz, CDCl3): 6 7.64 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.58 (2H, d, J =
8.8 Hz, C;H, C;H), 7.48 (2H, d, 8.8 Hz, CoH, C;3H), 7.21 (1H, t, 8.8 Hz,
CuH), 7.08 (2H, t, J = 8.6, CssH, Cs7H), 6.95 (2H, d, J = 8.8 Hz, CioH,
C;oH), 6.70 (1H, dd, ] = 8.6, 2.4 Hz, C;sH), 6.63 (1H, dd, ] = 12.7, 2.6 Hz,
CnH), 3.98-4.09 (4H, m, CisH, Ci7Hy), 1.91-2.02 (4H, t, CisH, CicHa)
ppm.

(75 MHz, CDCls): 8¢ 159.8 (q, Cii(Ar)), 145.3 (q, Cs(Ar)), 132.7 (t, C;,
C+(Ar)), 131.7(q, Cs(Ar)), 130.7(t, Cr4(Ar)), 128.5 (t, C4(Ar), Ce(Ar)), 127.3
(t, Co(Ar), C13(Ar)), 119.3 (g, C1(CN)), 115.2 (t, C1o(Ar), C12(Ar)), 113.0 (q,
Cesie7(Ar)), 112.8 (q, Cesis7(Ar)), 111.3 (t, C31(Ar)), 110.3 (g, C2(Ar)), 103.0
(t, Crs(Ar)), 102.7 (t, Chupms(Ar), 68.1 (s, Cian7(OCHy)), 68.7 (s,
Ci1417(OCHy)), 26.0 (s, Cy5,16(CH2)) ppm.

C-F peaks were not found due to extensive coupling to fluorines reducing the
intensity of the peaks to below that of the general noise level of the spectra.
Peaks for Cg3, Cess Cosy Cos, Coo and Cyy are consequently not found or
reported.

(282 MHz, CgF¢): 47.2 (1F, s, C7oF), 27.7 (2F, s, CeaF, CgsF), -0.56 (1F, s,
Ce3F)

(Solid) Viax: 2933(m) (C-Hy), 2859(m) (C-Hy), 2225 (m) (C=N), 1598(s)
(Ar), 1533(s) (Ar), 1502(s) (Ar) cm.

m/z 419 ([M]", 56%), 297, ([C7H7F40]", 40%), 255, (JC14HoF40]", 100%),
195 ([C13HoNOT", 43%), 151, ([CoHgFOI", 5%), 75 ([CeHsl", 7%), 55
([CaHT", 42%)

1 -(4’-Cyanobiphenyl-4-oxy-)-5-(3,3’,4°,5’-tetrafluorobiphenyl-4-oxy-)-pentane

C30H23F4NO,

505.52

0.72; 100% DCM [1 spot by TLC]



'H NMR

3C NMR

Note:

F NMR

IR

EIMS:

(300 MHz, CDCl3): 8y 7.63 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.57 (2H, d, ] =
8.8 Hz, CsH, C;H), 7.47 (2H, d, 8.8 Hz, CoH, C;3H), 7.20 (1H, t, 8.8 Hz,
CuH), 7.05 (2H, t, J = 8.6, CssH, Ce7H), 6.92 (2H, d, J = 8.8 Hz, C;(H,
CioH), 6.69 (1H, dd, J = 8.6, 2.4 Hz, C:sH), 6.63 (1H, dd, J = 12.7, 2.5 Hz,
CnqH), 4.02 (2H, J=6.4, C\4H3), 3.95 (2H, J=6.5, CsHy), 1.78-1.90 (4H, t,
CisH, Ci7H,), 1.54-1.71 (2H, m, C;sH) ppm.

(75 MHz, CDCls): 8¢ 159.8 (q, Cu(Ar)), 1454 (g, Cs(Ar)), 132.7 (t, C;,
C7(Ar)), 131.6(q, Cs(Ar)), 130.7(t, C74(Ar)), 128.5 (t, Cy(Ar), Ce(Ar)), 127.3
(t, Co(Ar), Ci3(Ar)), 119.3 (g, C1(CN)), 115.2 (t, Cio(Ar), C12(Ar)), 113.0 (q,
Cesis7(Ar)), 112.7 (g, Cesis7(Ar)), 111.3 (1, C31(Ar)), 110.2 (q, C2(Ar)), 103.0
(t, Cnms(Ar)), 102.7 (t, Cums(Ar)), 68.1 (s, Cians(OCHy)), 68.7 (s,
C1418(0CH))), 29.1 (s, Ci5.17(CHy)), 29.0 (s, Ci597(CHy)) 26.0 (s, Cis.
17(CHz)) ppm.

C-F peaks were not found due to extensive coupling to fluorines reducing the
intensity of the peaks to below that of the general noise level of the spectra.
Peaks for Cg3, Cgs, Co65 Cos, C9, C79 and Co; are consequently not found or
reported.

(282 MHz, C4F¢): 46.5 (1F, s, CyoF), 27.2 (2F, s, CasF, CgsF), -0.74 (1F, s,
Ce3F)

(Solid) Viax: 2945(m) (C-Hy), 2867(m) (C-H,), 2221 (m) (C=N), 1602(s)
(Ar), 1535(s) (Ar), 1494(s) (Ar) cm™.

m/z 505 (IM]", 53%), 323, ([CisH17F40]", 40%), 311, ([C17H15F401", 97%),
195 ([C13HoNOT', 43%), 178, ([C11H FOT", 11%), 69 ([CsHo]", 100%), 41
([C5Hs]", 31%)

1 -(4’-Cyanobiphenyl-4-oxy-)-7-(3,3’,4°,5’-tetrafluorobiphenyl-4-oxy-)-heptane

29
C3Hy7F4sNO,
533.57

0.73;100% DCM [1 spot by TLC]



"H NMR

BC NMR

F NMR
IR

EIMS:

(400 MHz, CDCls): 6y 7.61 (2H, d, J = 8.5 Hz, C,H, C¢H), 7.55 (2H, d, ] =
8.5 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, C4H, C;sH), 7.19 (1H, t, 9.0 Hz,
CuH), 7.04 2H, t, 7.5 Hz, Cs;H, CssH), 6.91 (2H, d, J] = 9.0 Hz, C;oH,
C;pH), 6.68 (2H, dd, ] = 9.0, 2.5 Hz, C1:H), 6.62 (2H, dd, J = 12.5, 2.5 Hz,
C7H), 3.93 (4H, m, O-C4H;, C;0H»-0), 1.78 (4H, m, 6.5 Hz CsH,, CioH>),
1.46 (6H, m, CcH, C,7H2 CisH3) ppm.

(100 MHz, CDCl3): 6¢ 161.5 (q, Cn(Ar)), 160.1 (q, Cu(Ar)), 152.8 (q,
Ces(AD)), 150.3 (q, Ceo(Ar)), 145.4 (q, Cs5(Ar)), 140.6 (m, Ce3(Ar)), 138.1 (m,
Ces(Ar), Ces(Ar)), 132.8 (t, C3, C+(Ar)), 132.0(q, Cs(Ar)), 130.9(t, C4(Ar)),
128.7 (t, C4(Ar), Cg(Ar)), 127.5 (t, Co(Ar), Ci3(Ar)), 119.5 (q, C1(CN)),
118.6 (q, Cw(Ar)), 115.5 (1, Co(Ar), Ci2(Ar)), 113.0 (q, Cesi67(Ar)), 113.0 (q,
Cesis7(Ar)), 111.3 (t, C31(Ar)), 110.2 (q, Ca(Ar)), 103.2 (t, Cri73(Ar)), 102.9
(t, Cr173(Ar)), 68.8 (s, Cra20(0OCH2)), 68.5 (s, C1420(OCHy)), 31.3 (s, Cys.
19(CHy)), 29.6 (s, Cis.19(CHy)), 29.5 (s, Cy5.19(CHy)), 29.4 (s, Cis5.19(CH2))
26.4 (s, Cis.19(CH,)) ppm.

Not obtained

(Solid) Vi 2941(m) (C-Hy), 2854(m) (C-H3), 2223 (m) (C=N), 1605(s)
(Ar), 1533(s) (Ar), 1502(s) (Ar) em’.

m/z 563 ([M]", 84%), 338 ([C oH 9F401", 5%), 242 ([C1,HOF4]", 56%), 195
([C13HgNOT", 100%), 166 ([C13Hiol", 5%), 97 (IC7H5]", 28%), 55 ([CaHAT",
41%).

1 -(4’-cyanobiphenyl-4-oxy-)-8-(3,3’ .4’ 5’—tetrafluorbiphenyl—4-oxy-)-0ctane

N AR

‘HNMR

30
Cs3H,9F4NO,
547.60

0.73; 100% DCM [1 spot by TLC]

(300 MHz, CDCls): & 7.63 (2H. d, ] = 8.6 Hz, C;H, C¢H), 7.57 (2H, d, ] =
8.8 Hz, C;H, C/H), 7.47 (2H, d, 8.8 Hz, CoH, Cy;H), 7.19 (1H, t, 8.8 Hz,
CH), 7.07 QH, t, J = 8.6, CesH, Ce7H), 6.92 (2H, d, J = 8.8 Hz, CyoH,



C;pH), 6.69 (1H, dd, J = 8.6, 2.4 Hz, C;;H), 6.61 (1H, dd, J = 12.7, 2.5 Hz,
C7H), 3.98 (2H, J=6.4, C14H;), 3.88 (2H, J=6.4, C51H;), 1.69-1.72 (4H, t,
CisH, CyoHy), 0.75-1.47 (8H, m, Ci6Ha,, Ci7H,, CigHa, CioHz) ppm.

BCNMR (75 MHz, CDCLy): 8¢ 159.8 (q, Cii(Ar)), 145.4 (q, Cs(Ar)), 132.7 (1, Cs,
C+(Ar)), 131.4(qg, Cs(Ar)), 130.6(t, C74(Ar)), 128.5 (t, C4(Ar), C4(Ar)), 127.2
(t, Co(Ar), C13(Ar)), 119.3 (g, C1(CN)), 115.2 (t, C19(Ar), Ci2(Ar)), 113.0 (q,
Cesie7(Ar)), 112.7 (q, Cese7(Ar)), 111.3 (t, C31(Ar)), 110.2 (g, Cz(Ar)), 103.0
(t, Crm(Ar), 102.6 (t, Chupms(Ar)), 68.6 (s, Cig21(0CH)), 682 (s,
Ci421(0OCHy)), 29.4 (s, Cis20(CH2)), 29.2 (s, Ci520(CHy)), 29.0 (s, Cis
20(CH2)), 26.0 (s, Cis5-20(CH2)), 24.0 (s, Cis-20(CH2)) ppm.

Note: C-F peaks were not found due to extensive coupling to fluorines reducing the
intensity of the peaks to below that of the general noise level of the spectra.

Peaks for Cg3, Ce4, Cgs, Coss Coo, C7o and Co; are consequently not found or

reported.

YFNMR (282 MHz, CsFs): 46.3 (IF, s, C1oF), 27.0 (2F, s, CssF, CesF), -0.83 (IF, s,
Ce3F)

IR (Solid) Viay: 2914(m) (C-Hy), 2850(m) (C-H,), 2224 (m) (C=N), 1596(s)

(Ar), 1536(s) (Ar), 1493(s) (Ar) cm’.

EIMS:  m/z 547 (IM]", 53%), 352, ([C20Ha1 F4O17, 7%), 242, ([C12HsF40]", 67%), 195
(IC13HoNOT", 100%), 178, ([C11HiFO]", 6%), 69 ([CsHs]™, 100%), 55
([CaH71", 31%)

1 -(4’-Cyanobiphenyl-4-oxy-)-9-(3,3’,4°,5’-tetrafluorobiphenyl-4-oxy-)-nonane
15 17 g 1 O 71 F 31

C34H3 F4sNO,
561.63

Rf 0.74; 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCly): 8 7.61 (2H, d, ] = 8.0 Hz, C4H, CeH), 7.55 (2H, d, J =
8.0 Hz, C;H, C;H), 7.44 (2H, d, 9.0 Hz, CoH, C;3H), 7.18 (1H, t, 8.5 Hz,
CH), 7.00-7.09 (2H, m, CesH, C;H), 6.91 (2H, d, ] = 9.0 Hz, CoH, Cy.H),
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6.69 (1H, dd, J = 8.5, 2.5 Hz, C;;H), 6.62 (1H, dd, ] = 8.5, 2.5 Hz, C;;H),
3.93 (2H, t, J = 6.7 Hz, O-C14Hy), 3.90 (2H, t, ] = 6.6 Hz, O-Cy;H,), 1.68-
1.79 (4H, m, 6.5 Hz C;sHy, Co1Hy), 1.25-1.50 (10H, m, C,4H, Ci7H, CisHa,
CioH;, CooHy) ppm.

BCNMR (100 MHz, CDCL): 8¢ 161.1 (q, Cra(Ar)), 160.2 (q, Ciui(Ar), 152.7 (q,
Ces(AD)), 150.2 (q, Ceo(Ar)), 145.7 (q, Cs(Ar)), 140.7 (m, Cg3(Ar)), 138.0 (m,
Cea(Ar), Ces(Ar)), 132.8 (t, C3, C1(Ar)), 131.7(q, Cs(Ar)), 130.9(t, C74(Ar)),
128.7 (t, C4(Ar), Ce(Ar)), 127.5 (t, Co(Ar), Ci3(Ar)), 119.5 (q, C1(CN)),
118.8 (g, Cro(Ar)), 115.5 (t, Cyo(Ar), Cia(Ar)), 113.2 (q, Cesier(Ar)), 113.0 (q,
Cesis7(AD)), 111.6 (t, C31(Ar)), 110.5 (q. Ca(Ar)), 103.2 (t, Cri73(Ar)), 103.0
(t, Cri73(AD)), 68.8 (s, Crama(OCH,)), 68.6 (s, Ci4na(OCH,)), 29.9 (s, Cys.
21(CHy)), 29.7 (s, Ci5.21(CHa)), 29.6 (s, Ci5.21(CHa)), 29.5 (s, Cis.21(CHY)),
29.4 (s, C1521(CHa)), 26.4 (s, Ci5.21(CH2)) ppm.

IR (Solid) Vinax: 2926 (m) (C-Hy), 2845(m) (C-Hy), 2226 (m) (C=N), 1602(s)
(Ar), 1541(s) (Ar), 1500(s) (Ar) cm™.

EIMS:  m/z 561 ([M]", 90%), 366 ([C2iH2F401", 5%), 242 ([C12HgOF,]", 69%), 195
([C13HoNOT, 100%), 69 ([CsHo]", 25%), 55 ([C4sH71", 25%).

1 -(4’-Cyanobiphenyl-4-oxy-)-10-(3,3’,4’,5’-tetrafluorobiphenyl-4-oxy-)-decane

g X O 32
4 1 = 17 F
, 5 \‘/\e/\/‘\g/z\/\ 7 C3s5H33F4NO,
_ 2 S TN A 575.65
N : s 22

Rf 0.74; 100% DCM [1 spot by TLC]

THNMR (300 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.5 Hz, C,;H, C4H), 7.55 2H, d, J =
8.5 Hz, C3H, C;H), 7.45 (2H, d, 8.8 Hz, CoH, C;3H), 7.18 (1H, t, 9.0 Hz,
CH), 7.05 2H, t, J = 7.8 Hz, CssH, Co7H), 6.91 (2H, d, J = 9.0 Hz, CioH,
CyoH), 6.68 (1H, dd, J = 8.6, 2.6 Hz, C;:H), 6.62 (1H, dd, J = 12.8, 2.4 Hz,
CnH), 3.93 (2H, t, J = 6.5 Hz, O-C4H,), 3.90 (2H, t,J = 6.5 Hz, O-Cy3H3),
1.62-1.83 (4H, m, 6.5 Hz CsH,, CyH,), 1.15-1.54 (12H, m, CisH, C7H;,
CisHz, Ci9Hz, CxHa, C21Hz) ppm.



BCNMR (75 MHz, CDCly): 8¢ 159.8 (g, Cii(Ar)), 145.3 (q, Cs(Ar), 132.6 (t, Cs,

Note:

F NMR

IR

EIMS:

C+(Ar)), 131.4(q, Cs(Ar)), 130.5(t, C74(Ar)), 128.3 (t, C4(Ar), Ce(Ar)), 127.1
(t, Co(Ar), Cy3(Ar)), 119.1 (g, C1(CN)), 115.1 (t, Cro(Ar), Ci2(Ar)), 112.9 (q,
Cesis7(A1)), 112.6 (q, Cesier(Ar)), 111.2 (t, C31(Ar)), 110.1 (g, Cy(Ar)), 102.8
(t, Crs(Ar)), 102.5 (t, Crpms(Ar), 68.5 (s, Ci42:1(OCHy)), 68.2 (s,
C1421(OCHy)), 29.5 (s, Cis20(CH)), 294 (s, Ci520(CHy)), 29.3 (s, Cis.
20(CHz)), 29.2 (s, Ci520(CHy)), 29.1 (s, Ci520(CHy)), 26.0 (s, Ci5.20(CHy))
ppm.

C-F peaks were not found due to extensive coupling to fluorines reducing the
intensity of the peaks to below that of the general noise level of the spectra.
Peaks for Cg3, Cgq, Co6, Cos, Cgo, C79 and Co; are consequently not found or
reported.

(282 MHz, C¢Fg): -115.5 (1F, s, C1oF), -135.0 (2F, s, CesF, CesF), -162.5 (1F,
s, Cg3F)

(Solid) Viax: 2917(m) (C-H,), 2850(m) (C-Hy), 2227 (m) (C=N), 1599(s)
(Ar), 1536(s) (Ar), 1504(s) (Ar) cm™.

m/z 575 (IM]", 35%), 195 ([C13HoNOJ", 100%), 69 ([CsHs]", 26%), 55
([CH7]", 39%)

1 -(4’-Cyanobiphenyl-4-oxy-)-11-(3,3’,4°,5’-tetrafluorobiphenyl-4-oxy-)-undecane

Rf
"H NMR

12 15

0 17 15 2t 2
13
i ~ 11 v %

18 2 22 24

33
¢ CsH3sF4NO,
589.68

0.75; 100% DCM [1 spot by TLC]
(300 MHz, CDCl3): 8,1 7.71 (2H, d, J = 8.6 Hz, C;H, C¢H), 7.64 (2H, d, ] =
8.8 Hz, C;H, C;H), 7.54 (2H, d, 8.8 Hz, CoH, Cj5H), 7.28 (1H, t, 8.8 Hz,
CuH), 7.14 (2H, t, ] = 8.6, CesH, Ce;H), 7.01 (2H, d, J = 8.8 Hz, CjoH,
C1.H), 6.78 (1H, dd, ] = 8.6, 2.4 Hz, C»sH), 6.70 (1H, dd, J = 12.7, 2.5 Hz,
CiH), 4.02 (2H, J=6.4, C14Hy), 3.97 (2H, J=6.4, Co,H,), 1.78-1.91 (4H, t,



3C NMR

Note:

YF NMR

IR

EIMS:

CisHz, Cp3Hy), 1.29-1.61 (14H, m, C\¢H,, Ci7Hz, CisHa, CioHp, CyoHa,
CaHy, Cy2Hz) ppm.

(75 MHz, CDCl3): 8¢ 159.9 (q, Cui(Ar)), 145.4 (q, Cs(Ar)), 132.7 (t, C;,
Cs(Ar)), 131.4 (q, Cg(Ar)), 130.6 (t, Cr(Ar)), 128.5 (t, C4(Ar), Ce(Ar)),
127.2 (t, Co(Ar), Ci3(Ar)), 119.3 (q, C1i(CN)), 115.2 (t, Cig(Ar), Cia(Ar)),
113.0 (q, Cess7(Ar)), 112.7 (q, Cess7(Ar)), 111.3 (t, Csi(Ar)), 1102 (q,
Cy(Ar)), 103.0 (t, Crims(Ar)), 102.6 (t, Crir3(Ar)), 68.7 (s, Ci424(OCHy)),
68.3 (s, C1424(OCHo)), 29.7 (s, C15:23(CH2)), 29.5 (s, Ci5.23(CH>)), 29.4 (s,
C1523(CHy)), 29.2 (s, Ci5.23(CHy)), 26.2 (s, Ci5.23(CH2)), 24.1 (s, Ci5.23(CHy))
ppm.

C-F peaks were not found due to extensive coupling to fluorines reducing the
intensity of the peaks to below that of the general noise level of the spectra.
Peaks for Cg3, Cesy Co6, Cos, Co9, Cro and Cr; are consequently not found or
reported.

(282 MHz, CgFg): 46.6 (1F, s, CyoF), 27.2 (2F, s, CeF, CesF), -0.9 (1F, s,
CesF)

(Solid) Viax: 2918(m) (C-Hy), 2851(m) (C-H,), 2226 (m) (C=N), 1599(s)
(Ar), 1536(s) (Ar), 1504(s) (Ar) cm™.

m/z 589 (IM]", 53%), 352, ([Ca3Ha7F40]1", 11%), 195 ([C13HoNOTY, 100%),
69 ([CsHol", 11%), 55 ([C4H7]", 20%)

7.2.5. CBOnOBFOCFj3; a -(4’-cyanobiphenyl-4-oxy-)-o-(3’-fluor-4’-

oxytrifluoromethylbiphenyl-4-oxy-)-alkane

n Temperature /°C Mass Yield
Cr N i mg %
4 ° 135 e 153 ® 369 76%
5 e 94 ® (89) ® 454 77%
6 ® 129 ) 152 ° 460 64%
7 ® 81 ® 104 ® 1270 35%
8 ® 111 ° 133 ° 2360 80%
9 ® 83 ° 104 ® 2410 88%
10 ® 100 ° 128 ® 489 63%
11 ® 88 ° 104 ® 518 76%
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1 -(4’-Cyanobiphenyl-4-oxy-)-4-(3,3’,4’,5’-tetrafluorobiphenyl-4-oxy-)-butane

FWLF 34
224 “
- = O C30H23F4NO3
10 218
8= O 15 = 5 52 1.52
, 4 i - 7 225 > 72 F
g /5 E\ ,‘2 1 o 226
- 2\ A 13 227

N=" 5
Procedure:

To a stirred solution of 3’-fluoro-4’-trifluoromethoxybiphen-4-ol (379 mg, 1.10 mMol, 1
eq) in distilled butan-2-one (40 mL) was added solid potassium carbonate (280 mg, 2.02
mMol, 1.8 eq) in one portion. The mixture was heated to reflux for 1 h then cooled prior
to the addition of 1-(cyanobiphenyloxy)-butyl-4-bromide (381 mg, 1.11 mMol, 1.01eq) in
one portion and a catalytic quantity of sodium iodide (80 mg). This reaction mixture was
heated to reflux for 3 days and then allowed to cool. The solvents were then removed in
vacuo and the residue was dissolved and partitioned between DCM and water. The
aqueous layer was washed several times with DCM (3 x 30mL) and the washed organic
exctracts were dried over anhydrous MgSO, before being concentrated in vacuo to give a
crude yellow solid. The crude material was purified by column chromatography (silica
gel, 35mm x 70mm, 1-5% ether/40-60 pet. ether) affording the title compound 34
(454mg, 0.849 mMol 77.1%) as white powder which was dried thoroughly in vacuo.
Rf 0.71; 100% DCM [1 spot by TLC]
"HNMR (300 MHz, CDCl3): 8y 7.62 (2H, d, J = 8.6 Hz, C,H,CsH), 7.56 (2H, d, J =
8.6 Hz, C;H, C;H), 7.46 (2H, d, J = 8.8 Hz, CoH, Ci3H), 7.39 (2H, d, ] = 9.0
Hz, Cos0H, CosH), 7.29 (1H, t, ] = 12.2 Hz, 2.1 Hz, Cy4H), 7.23 2H, d, J =
8.8 Hz, Coo1H, Ca3H), 6.93 (1H, d, J = 6.8 Hz, Cy7H;, CngHy), 6.90 (2H, d,
J =7.0 Hz, C,oH, CipH), 3.95-4.10 (4H, m, O-C\4H,, O-C7H3), 1.88-2.04
(4H, m, Cy5H,, C¢Ha2) ppm.
BCNMR (75 MHz, CDCly): 8¢ 159.6 (q, Cii(Ar)), 159.2 (q, Cas(Ar)), 156.2 (q,
Ca19(Ar)), 145.2 (q, Cs(Ar)), 142.8 (q, Cao(Ar)), 132.6 (t, C3 (Ar), C+Ar)),
131.5 (q, Cs(Ar)), 131.2 (q, Cas(Ar)), 128.1 (1, C23(Ar)), 128.4 (t, C4(Ar),
Cs(Ar)), 127.1 (t, Co(Ar), Ci3(Ar)), 123.9 (1, Crai(Ar)), 122.5 (t, Ca2(Ar)),
119.1 (g, C1(CN)), 115.4 (t, C227/Ca9(Ar)), 115.1 (t, C227/Ci29(Ar)), 115.0 (4,



Cio(Ar), C12(Ar)), 110.2 (q, Ca(Ar)), 67.6 (s, C14(OCH,), C17(OCH,)), 25.9
(s, Ci5.16(CH2)) ppm.

IR (Solid) Vmax: 2925(m) (C-Hy), 2863(m) (C-Hy), 2234 (m) (C=N), 1601(s)
(Ar), 1527(s) (Ar), 1493(s) (Ar) cm’.

EIMS:  m/z 521 ((M]", 47%), 327 ([C17H15F402]", 69%), 285 ([C114HoF40]", 57%),
250 ([C1sH;507", 100%), 208 ([C1sH,30]7, 100%), 178 ([C12H 501, 21%), 55
([C4H4] ", 33%)

Elemental Analysis: C3H»7FsNO»: (Expected) C 69.03, H 6.33, N 2.68; (Found) C

68.95, H 6.32, N 2.68

1 -(4’-Cyanobiphenyl-4-oxy-)-5-(3,3’,4’,5’-tetrafluorobiphenyl-4-oxy-)-pentane

NN O 35
C31H25F4NO;
535.54

Rf 0.72; 100% DCM [1 spot by TLC]

'"HNMR (300 MHz, CDCly): 8y 7.71 (2H, d, ] = 8.6 Hz, C4H,CcH), 7.64 (2H, d, ] =
8.6 Hz, C3H, C/H), 7.55 (2H, d, ] = 8.8 Hz, CoH, C;3H), 7.48 (2H, d, J = 6.4
Hz, CasoH, CareH), 7.29-7.41 (3H, m, CoosH, Coo1H, Cop3H), 7.02 (1H, d, J =
6.8 Hz, Car7H,, CanoHa), 6.99 (2H, d, I = 7.8 Hz, C,gH, C1,H), 4.07 (2H, t, J
= 6.2 Hz, O-C14Hy), 4.06 (2H, t, J = 6.2 Hz, O-C7H3), 1.86-2.00 (4H, m,
C1sH,, Ci7H3), 1.65-1.78 (2H, m, C sH,) ppm.

BCNMR (75 MHz, CDCly): 8¢ 159.8 (q, Cii(Ar), 159.4 (q, Cas(Ar)), 156.6 (q,
Ca1o(Ar)), 145.4 (q, Cs(AD)), 141.7 (g, Cax(Ar)), 132.7 (t, Cs (Ar), C5(Ar)),
131.5 (g, Cs(Ar)), 131.3 (q, Caas(Ar)), 128.5 (t, Cras(Ar)), 128.3 (1, Ca(Ar),
Cs(Ar)), 127.2 (t, Co(Ar), Ci3(AD)), 124.0 (t, Cani(Ar)), 122.6 (t, Caza(Ar)),
119.3 (g, C1(CN)), 115.5 (t, C227/Caas(Ar)), 115.2 (t, C327/Caae(AD)), 115.1 (t,
Cio(Ar), Ci2(AD), 110.2 (g, Ca2(Ar)), 68.0 (s, C14(OCH,), C15(0OCH,)), 29.1
(s, Ci5.17(CH2)), 25.9 (s, Ci517(CHz)) ppm.

IR (Solid) Vmax: 2952(m) (C-Hy), 2853(m) (C-Hy), 2220 (m) (C=N), 1601(s)
(Ar), 1523(s) (Ar), 1492(s) (Ar) cm™.
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EIMS:  m/z 535 ([M]", 73%), 341 ([CisH7F40,]", 29%), 272 ([Ci3HsF40,]", 62%),
195 ([C13HoNOT", 67%), 170 ([C12HoF]", 8%), 69 (JCsHo] ©, 100%), 41
([CsHs] ", 28%)

1 -(4’-Cyanobiphenyl-4-oxy-)-6-(3,3’,4’,5’-tetrafluorobiphenyl-4-oxy-)-hexane

F
. FHr 36
10 o = (0] C32H27F4NO3
T OV\M 22 549.57

3 = 4 14 - : 225 > 2D F

| / 5 P 12 18 O 222 X o
NN
Rf 0.72; 100% DCM [1 spot by TLC]

'THNMR (300 MHz, CDCly): &4 7.71 (2H, d, J = 8.6 Hz, C;H,C.H), 7.64 (2H, d, J =
8.6 Hz, C3H, C;H), 7.54 (2H, d, ] = 8.8 Hz, CoH, C3H), 7.48 (2H, d, ] = 6.4
Hz, Ca30H, CasgH), 7.28-7.41 (3H, m, CazgH, CopH, CopsH), 7.02 (1H, d, J =
6.8 Hz, Coo7H,, CaooHy), 7.01 (2H, d, J = 7.8 Hz, C\gH, CoH), 4.04 2H, t,J
= 6.2 Hz, 0-Ci4Hy), 4.03 (2H, t, ] = 6.2 Hz, O-CgH;), 1.83-1.94 (4H, m,
CisH;, CigH;), 1.53-1.66 (4H, m, CisHa, C7H3) ppm.

BCNMR (75 MHz, CDCL): 8¢ 159.9 (q, Cii(Ar)), 159.5 (q, Cas(Ar), 1532 (q,
Caio(AD), 145.4 (q, Cs(Ar)), 142.8 (q, Cao(Ar)), 132.7 (t, C3 (Ar), Co(Ar),
131.5 (q, Cs(AD), 131.2 (g, Cas(Ar)), 128.5 (t, Cazs(Ar)), 128.3 (t, Ca(AD),
Cs(Ar)), 127.2 (1, Co(Ar), Ci3(Ar)), 124.0 (t, Cani(Ar)), 122.6 (t, Caaa(AD),
119.3 (q, C{(CN)), 115.5 (t, C227/C9(Ar)), 115.2 (t, C227/Ca9(Ar)), 115.1 (1,
Cio(Ar), C12(AD), 110.2 (q, Ca(Ar)), 68.1 (s, C14(OCH,), C19(OCHy)), 29.1
(s, C15.18(CH2)), 25.9 (s, C15.15(CHy)) ppm.

F NMR (282 MHz, C¢Fe): 103 (3F, s, C231F3), 33.1 (1F, s, CyoF)

IR (Solid) Ve 2937(m) (C-Hy), 2865(m) (C-Hy), 2234 (m) (C=N), 1603(s)
(Ar), 1503(s) (Ar) cm™.

EIMS:  m/z 549 ([M]", 100%), 272 ([C3HsF401]", 89%), 195 ([C;3HsNO]", 88%),
178 ([C12H 501", 10%), 55 ([CsHo] ", 57%)



1 -(4’-Cyanobiphenyl-4-oxy-)-7-(3,3’,4’,5’-tetrafluorobiphenyi-4-oxy-)-heptane

BC NMR

YF NMR
IR

EIMS:

37
C33HoF4NO3
563.60

0.73; 100% DCM [1 spot by TLC]

(400 MHz, CDCly): 8 7.61 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.5 Hz, C3H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Cy3H), 7.38 (2H, d, 9.0 Hz,
CasgH, CazoH), 7.21-7.31 (3H, m, Can1H, CazsH, Cy4H), 6.94 (2H, d, ] = 8.2
Hz, Cas7H, CasoH), 6.92 (2H, d, J = 9.0 Hz, C;oH, C1,H). 6.89 (2H, d, ] = 8.5
Hz, CoH, CyH), 3.95 (2H, t, 6.5 Hz, O-Ci4sHy), 3.91 (2H, t, 6.5 Hz, CaoH,-
0), 1.78 (4H, m, 6.5 Hz C,sH,, CioHy), 1.48 (6H, m, CigH, C17H, Ci5Hy)

ppm.
(75 MHz, CDCl;): 6¢ 160.1 (q, Cii(Ar)), 159.7 (q, Cas(Ar)), 153.3 (q,

Ca19(AD)), 145.6 (g, Cs(Ar)), 143.0 (g, Caze(Ar)), 132.9 (t, C; (Ar), CH(Ar)),
131.7 (q, Cs(Ar)), 131.4 (q, Caas(Ar)), 128.7 (1, Caz(Ar)), 128.5 (t, C4(Ar),
Co(Ar)), 127.5 (t, Co(Ar), C3(Ar)), 124.3 (1, Can(Ar)), 122.8 (1, Caaa(Ar)),
119.5 (q, C1(CN)), 115.7 (t, Ca27/Caz0(Ar)), 115.5 (t, Ca27/Cazo(Ar)), 115.4 (¢,
Cio(Ar), Cia(AD), 110.4 (g, Ca(Ar)), 68.4 (s, C14(OCH,), C20(OCH,)), 29.6
(s, Cis.19(CH2)), 29.5 (s, Ci5.19(CH2)), 26.4 (s, Ci5.19(CHy)) ppm.

(282 MHz, C¢Fe): 103.9 (3F, s, C23/F3), 33.4 (1F, s, Co20F)

(Solid) Vma: 2937(m) (C-Hy), 2864(m) (C-Hy), 2229 (m) (C=N), 1603(s)
(Ar), 1494(s) (Ar) cm™.

m/z 563 ([M]", 100%), 268 ([C1oHa0F40,]", 4%), 272 ([C13HsF40,]", 91%),
195 ([C13HoNOT, 85%), 178 ([C12His0]", 7%), 69 ([CsHo] *, 57%), 55
([CsH7] ™, 51%)
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1 -(4’-cyanobiphenyl-4-oxy-)-8-(3,3’,4°,5’-tetrafluorbiphenyl-4-oxy-)-octane

F
38

C34H31F4NO;3
P I
_ O

Rf
'"H NMR

3C NMR

“r NMR
IR

EIMS:

0.74; 100% DCM [1 spot by TLC]
(400 MHz, CDCl3): 8y 7.60 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.54 (2H, d, ] =
8.5 Hz, C;H, C;H), 7.37 (2H, d, 9.0 Hz, CoH, C;3H), 7.38 (2H, d, 9.0 Hz,
CazeH, Ca3oH), 7.24 (3H, m, Cy21H, Cop3H, Cao4H), 6.92 (2H, d, J = 9.0 Hz,
CioH, C1oH), 6.89 (2H, d, ] = 8.5 Hz, Coo7H, CopoH), 3.93 (2H, t, 6.5 Hz, O-
CisHy), 3.92 (2H, t, 6.5 Hz, C;H,-0), 1.78 (4H, m, 6.5 Hz C 5H,, CyoHy),
1.48 (8H, m, C1¢H,. C7H,, C1gH,, CioHy) ppm.

(100 MHz, CDCl3): 8¢ 160.2 (q, C11(Ar)), 159.8 (q, Cas(Ar)), 153.7 (g,
Ca1o(AD)), 145.6 (q, Cs(Ar)), 142.1 (q, Ca(Ar)), 133.0 (t, C3 (Ar), C5(Ar)),
131.7 (q, Cs(Ar)), 131.4 (q, Cazs(Ar)), 128.7 (t, Caa3(Ar)), 128.5 (t, C4(Ar),
Co(AD)), 127.5 (t, Co(Ar), Ci3(Ar)), 124.3 (t, Caai(Ar)), 122.9 (t, Caaa(Ar)),
119.7 (q, C1(CN)), 115.7 (t, Ca27/Caze(Ar)), 115.5 (t, Co7/Caro(Ar)), 115.4 (1,
Cio(Ar), Cia(Ar)), 110.5 (g, Cx(Ar)), 68.4 (s, C14(OCH,), C5(OCHy)), 29.6
(s, Ci15.19(CH2)), 26.4 (s, Ci5.19(CHa)) ppm.

(282 MHz, C¢Fg): 103.6 (3F, s, C231F3), 33.3 (1F, s, Co20F)

(Solid) Vimax: 2933(m) (C-Hy), 2865(m) (C-Hy), 2225 (m) (C=N), 1602(s)
(Ar), 1501(s) (Ar) cm™.

m/z 577 (IM]", 100%), 272 ([C13HgF402]", 91%), 195 ([C13HoNO]", 85%),
166 ([C11H 301", 7%), 69 ([CsHo] ", 57%), 55 ([C4H7] ", 51%)

1 -(4’-Cyanobiphenyl-4-oxy-)-9-(3,3’,4°,5’-tetrafluorobiphenyl-4-oxy-)-nonane

39
CssH33F4NO;
591.65

0.74;100% DCM [1 spot by TLC]
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"H NMR

3C NMR

F NMR
IR

EIMS:

(400 MHz, CDCl3): &y 7.61 (2H, d, ] = 8.5 Hz, C4H, CsH), 7.55 (2H, d, J =
8.5 Hz, C;H, C;H), 7.44 (2H, d, 8.8 Hz, CoH, C3H), 7.38 (2H, d, 9.0 Hz,
CaeH, CazoH), 7.20-7.30 (3H, m, Co21H, Cao23H, Coo4H), 6.90 (2H, d, J = 9.0
Hz, CoH, C12H), 6.90 (2H, d, J = 9.0 Hz, Co7H, Cyy9H), 3.93 (2H, t, 6.5 Hz,
0-C4H), 3.92 (2H, t, 6.5 Hz, C1pH2-0), 1.69-1.79 (4H, m, C,sH,, Co Hy),
1.27-1.45 (10H, m, Ci¢H,, C17H, C 5H; CioHy, CooHy) ppm.

(100 MHz, CDCl3): §¢ 160.2 (q, C1i(Ar)), 159.9 (q, Cas(Ar)), 156.3 (q,
Ca9o(AD)), 145.7 (q, Cs(Ar)), 142.1 (q, Caz0(Ar)), 133.0 (t, C3(Ar), C+(Ar)),
131.7 (q. Cs(Ar)), 131.4 (q, Caas(Ar)), 128.7 (t, C4(Ar), Ce(Ar)), 128.5 (1,
Cas(Ar)), 127.5 (t, Co(Ar), Ci3(Ar)), 124.2 (1, Caai(Ar)), 122.9 (t, Caaa(Ar),
Ce(Ar)), 119.5 (q, CI(CN)), 115.7 (t, C227/Ca9 (Ar)), 115.5 (t, Cio(Ar),
Ci2(ArD)), 115.4 (t, C227/Caa9(Ar)), 110.5 (g, Ca(Ar)), 68.5 (s, C14 (OCH,), Caz
(OCH»)), 29.9 (s, Ci5.21(CH2)), 29.7 (s, Ci521(CHy)), 29.6 (s, Cis5.21(CH2)),
26.4 (s, Cy5.21(CHy)) ppm.

(282 MHz, CgFs): 103.7 (3F, s, C231F3), 33.4 (1F, s, CozoF)

(Solid) Vmax: 2917(m) (C-Hy), 2850(m) (C-Hy), 2224 (m) (C=N), 1600(s)
(Ar), 1493(s) (Ar) cm™.

m/z 591 (IM]", 100%), 396 ([C22H2502F4]", 8%), 319 (JC2HasNOJ, 8%), 272
([C13HsO2F4]", 93%), 195 ([C13HoNO]T", 80%), 178 ([C/H4F40]", 5%), 69
([CsHo]", 21%), 55 ([CsH4T", 21%).

1 -(4’-cyanobiphenyl-4-oxy-)-10-(3,3’,4’,5’-tetrafluorbiphenyl-4-oxy-)-decane

E
10 224 3[\ F
. o . L= 0 C36H3sF4NO;
4 il < 1
y B ; M 16 N 2 » = 52 24 605.68
5 2 18 - = F
13 2 > 5
N = 2 . 22 O™ N
7

Rf
'"H NMR

F
40

0.76;100% DCM [1 spot by TLC]

(400 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, ] =
8.6 Hz, C;H, C;H), 7.45 (2H, d, ] = 8.8 Hz, CoH, C3H), 7.38 (2H, d, 9.0 Hz,
CaeH, Cy30H), 7.28 (1H, dd, J = 11.8 Hz, 1.6 Hz, C»4H), 7.24 2H,d,J=5.4
Hz, Cx1H, Cop3H), 6.92 (2H, d, ] = 9.0 Hz, C\oH, Ci,H), 6.89 (2H, d, J = 9.0



Hz, Cpp7H, CasoH), 3.93 (2H. t, 6.5 Hz, O-C14Hy), 3.92 (2H, t, 6.5 Hz, Co3H,-
0), 1.67-1.83 (4H, m, CisH,, CyHy), 1.18-1.51 (12H, m, CigH,, C\7H;.
CisH, CioHy CyoH, Cy1Hy) ppm.

BCNMR (100 MHz, CDCly): 8¢ 159.8 (q, Cii(Ar)), 159.4 (q, Cag(Ar)), 155.9 (q,
Cai9(Ar)), 145.3 (q, Cs(Ar)), 141.7 (g, Cazo(Ar)), 132.6 (t, C3 (Ar), C+(Ar)),
131.3 (g, Cs(Ar)), 131.0 (q, Cas(Ar)), 128.3 (t, Cs(Ar), C(Ar)), 128.1 (t,
Caas(AD)), 127.1 (1, Co(Ar), Ci3(Ar)), 123.8 (t, Cani(Ar)), 122.4 (t, Cyaa(Ar),
Co(AD)), 119.1 (q, Ci(CN)), 1154 (t, Cy27/Ca9 (A1), 115.1 (t, Cro(Ar),
Ci2(A1)), 115.0 (t, Ca27(Ar)/Cazo(Ar)), 110.1 (q, Cy(Ar)), 68.2 (s, C14(OCH,),
Cy; (OCH,)), 29.9 (s, Cis22(CHa)), 29.7 (s, Cis22(CHy)), 29.6 (s, Cis.
22(CH>)), 26.4 (s, C15.22(CH,)) ppm.

IR (Solid) Vimax: 2933(m) (C-Hy), 2851(m) (C-H,), 2234 (m) (C=N), 1604(s)
(Ar), 1502(s) (Ar) cm™.

EIMS:  m/z 605 ([M]", 100%), 410 ([C23H230:F,]", 8%), 333 ([C23HyNOT, 9%), 272
([C13HgO:F4]", 74%), 195 ([C13H9NO]', 100%), 178 ([C;H4F,0]", 5%), 69
([CsHol", 31%), 55 (JC4H7]", 18%).

1 -(4’-Cyanobiphenyl-4-oxy-)-11-(3,3’,4°,5’-tetrafluorobiphenyl-4-oxy-)-undecane

41
C37H37F4NO;
619.71

10 o 18 17 19 21 23

Rf 0.75;100% DCM [1 spot by TLC]

'"HNMR (400 MHz, CDCls): 8y 7.61 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.6 Hz, C3H, C;H), 7.45 (2H, d, ] = 8.6 Hz, CoH, C,3H), 7.38 (2H, d, 8.8 Hz,
CasH, Ca3H), 7.20-7.32 (1H, m, Coo H, Cao3H, Coo4H), 6.92 (2H, d, ] = 7.0
Hz, CioH, C1oH), 6.89 (2H, d, ] = 6.9 Hz, Coo7H, CagH), 3.93 (2H, t, 6.4 Hz,
0-CisH,), 3.92 (2H, t, 6.4 Hz, C24Hy-0), 1.63-1.82 (4H, m, CisH,, Co3Hy),
1.18-1.51 (14H, m, C;sH, Ci7H, CisH,y Ci9Hy, CooHy Co1H, CooHy) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 159.8 (q, Ci(Ar)), 159.4 (q, Cxg(Ar)), 154.0 (q,
Cao(Ar)), 145.1 (q, Cs(Ar)), 143.3 (q, Cao(Ar)), 132.6 (t, Cs (Ar). Co(Ar)),

380



131.3 (q, Cs(Ar)), 131.0 (q, Cas(Ar)), 128.3 (t, C4(Ar), Ce(Ar)), 128.1 (4,
Caas(Ar)), 127.1 (t, Co(Ar), Ci3(AD)), 123.9 (t, Caar(Ar)), 122.5 (t, Caa(Ar),
Ce(Ar)), 119.1 (g, CL(CN)), 1154 (t, Caz7/Cazo (Ar)), 115.1 (t, Cio(Ar),
Ci2(Ar), 115.0 (t, Coa7(Ar)/Cazs(A1)), 110.1 (q, Ca(Ar)), 68.2 (s, C14 (OCH,),
Cy (OCHL)), 29.5 (s, Cis2(CHy)), 29.4 (s, Cis22(CHy)), 292 (s, Cis
22(CHy)), 26.0 (s, Cy5.22(CH>)) ppm.

IR (Solid) Vmax: 2915(m) (C-Hy), 2852(m) (C-Hy), 2221 (m) (C=N), 1601(s)
(Ar), 1493(s) (Ar) cm™.

EIMS:  m/z 619 (IM]", 65%), 424 ([CasH250.F4]", 9%), 347 ([C24HoNO]", 9%), 272
([C13HgOF4]", 86%), 195 ([C3HoNO]™, 100%), 69 ([CsHo]™, 8%), 55
([C4H4]", 19%).

7.2.6. F;COFBOnOBFOCF;3; a,0-bis-(3’-fluoro-4’-
trifluoromethoxybiphenyl-4-yloxy)-alkane

n Temperature /°C Mass Yield
Cr | g %

7 e 109 ® 0.60 37

9 ® 92 ® 1.11 91

1,7-bis-(3’-Fluoro-4’-trifluoromethoxybiphenyl-4-yloxy)-heptane

42
C33HysF 304
640.58

Procedure:

To a stirred solution of 3’-fluoro-4’-trifluoromethoxybiphenol-4-ol (1.50 g, 5.51 mMol,
2.2 eq) in distilled butan-2-one (40 mL) was added solid potassium carbonate (2.53 g,
18.35 mMol, 7.3 eq) in one portion. The mixture was heated to reflux for 20 min and then
allowed to cool before the addition of 1,7-dibromoheptane (0.43 mL, 0.65g, 2.50 mMol,
1 eq) in one portion. The reaction mixture was then heated to reflux for 6 days and then
were allowed to cool. Water (30 mL) and DCM (50 mL) were added and the inorganic

salts dissolved into the aqueous layer. The layers were separated and the aqueous solution
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was washed repeatedly with DCM (3 x 40 mL). The organics were combined and dried

over anhydrous MgSOy and filtered. The organic solvents were removed in vacuo to give

a crude light brown solid. The crude material was purified by column chromatography

(silica gel, 40 mm x 100 mm, 2-10% ether / 40-60 petroleum) affording a white solid, the

title compound 42 (596 mg, 0.93 mMol, 37.2%) as fine micro-crystalline white solid.

Rf
'"H NMR

BC NMR

YF NMR
IR

EIMS:

0.64; 80% DCM / 40-60 petroleum [1 spot by TLC]

(400 MHz, CDCls): 6y 7.39 (4H, d, 8.8 Hz, CeH,Ci30H), 7.19-7.32 (6H, m,
Coo1H, CoasH, Ca24H), 6.89 (4H, d, J = 8.8 Hz, Cx7H, CxoH), 3.93 (4H, t, 6.4
Hz, O-C14H,, CooH,-0), 1.70-1.83 (4H, m, J = 6.5 Hz C;sH,, C9Hy), 1.35-
1.52 (6H, m, C¢H,, C17H2 CisH2) ppm.

(100 MHz, CDClz): 6¢ 158.3 (q, Cas(Ar)), 154.9 (q, Caue(Ar)), 140.7 (q,
Cao(Ar1)), 130.0 (q, Cas(Ar)), 127.0 (1, Caa3(Ar)), 122.1 (t, Ca21(Ar)), 121.3
(t, Cana(Ar), C4(Ar)), 114.2 (1, Cr27/Cr20 (Ar)), 114.0 (t, Caa7(Ar)/Cazg(Ar)),
67.0 (s, C14(OCH,), C23(OCHy)), 28.7 (s, C15.22(CH>)), 28.1 (s, Cis.22(CHo)),
27.2 (s, Ci15:22(CHy)), 25.1 (s, Ci5.22(CH2)) ppm.

(282 MHz, C¢F¢): Not Obtained

(Solid) Vimay: 2983(m) (C-Hy), 2302 (m) (C=N), 1607(s) (Ar), 1501(s) (Ar)

cm.

m/z 668 (IM]", 66%), 396 ([C22H23F4077, 4%), 272 ([C13H3O:F.], 100%),
203 ([C12HFO,], 14%), 83 ([CeHi1]™, 11%), 55 ([C4H7]", 12%).

1,9-bis-(3’-Fluoro-4’-trifluoromethoxybiphenyl-4-yl)-oxynonane

227

228 15 17 19 21

43
C35H3:F304
F 668.63

0.71; 80% DCM / 40-60 petroleum

(400 MHz, CDCly): 811 7.38 (4H, d, 8.8 Hz, CasgH, CasoH), 7.17-7.30 (6H, m,
Co1H, Cy3H, Cao4H), 6.89 (4H, d, J = 8.8 Hz, Cyy7H, CoooH), 3.93 (2H, t, 6.5
Hz, O-C4H,, C2:Hz-0), 1.78 (4H, quin, J = 6.5 Hz C;sHa, C;1Hy), 1.28-1.47
(10H, m, C¢H; Ci7H2, CisH, CioHy CoHy) ppm.
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BCNMR (100 MHz, CDCl3): 8¢ 159.8 (q, Cas(Ar)), 156.3 (g, Cao(Ar)), 142.1 (q,
Caa0(Ar)), 131.4 (q, Caas(Ar)), 128.5 (t, Cas(A1)), 124.3 (t, Cyai(Ar)), 122.8
(t, Caa(AT), Ce(Ar)), 115.7 (t, Cp27/Cra9 (A1), 115.5 (t, Caz7(Ar)/Cao(AL)),
68.2 (s, C14(OCHz), C23(OCH,)), 29.9 (s, Ci522(CHz)), 29.7 (s, C1522(CHo)),

F NMR
IR

EIMS:

29.6 (s, C15:22(CHa)), 26.4 (s, Cy5.22(CH2)) ppm.

(282 MHz, C¢Fg): Not Obtained
(Solid) viax: 2984(m) (C-Hy), 2301 (m) (C=N), 1600(s) (Ar), 1501(s) (Ar)

em™,

m/z 668 (IM]", 65%), 396 ([C22HasF4O]", 5%), 272 ([Ci3HgO.F4]", 100%),

203 ([C1,H7FO,]", 16%), 83 ([CeH 11", 6%), 55 ([CaHA]", 12%).

7.3. Chapter 4 experimental

7.3.1. 3CHPOnOPCH3; a,0-bis-(4’-propyl-1’-cyclohexyl-4-phenyloxy)alkane

n Temperature /°C Mass Yield
Cr N J mg %
6 ) 136 ° 150 ° 549 71
7 ® 88 ) (81 ® 356 45
8 ® 109 ° 132 ® 308 71
9 ° 91 ® 101 ® 259 41
10 ® 111 ® 129 ® 300 34
11 ® 95 ° 102 ® 233 27
12 ® 111 ® 117 ® 510 57

1,6-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)hexane
44
L » w2 C36Hs40,
0 7 518.83

To a stirred solution of 4-hydroxyphenyl-1-cyclohexyl-4’-propane (0.70 g, 3.21 mMol,

2.15 eq) in butan-2-one (40 mL) was added potassium carbonate (979 mg, 7.06 mMol,

4.73 eq) in one portion. The suspension was heated to reflux and stirred for 20 min before

the addition of 1,6-dibromohexane (363 mg, 229 uL, 1.49 mMol, 1 eq) and a catalytic

quantity of sodium iodide (80 mg). The solution was stirred at reflux for approximately 3

days and then allowed to cool. The solvents were removed in vacuo leaving a creamy-

while solid. Water (50 mL) and then DCM (50 mL) were added. The inorganic salts

(8]
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dissolved into the aqueous layer whilst the organic product dissolved into the DCM. The

layers were separated and the aqueous solution was washed repeatedly with DCM (3 x 50

mL). The organics were combined, dried over anhydrous MgSO, and filtered. The

organics were then removed in vacuo to give the crude white product. This was then

purified by crystalisation from acetonitrile (~100 mL) to yield the title compound 44 as a

white microcrystalline solid (549 mg, 1.05 mMol, 71%).

Rf 0.88; 100% DCM

"HNMR (400 MHz, CDCl5): 8y 7.03 (4H, d, ] = 8.5 Hz, Ca30H, Co43H), 6.74 (2H, d, J
= 8.8 Hz, Co40H, Co0oH), 3.86 (4H, t, 6.4 Hz, O-Cy,H,, O-CgHy), 2.33 (2H,
tt, J = 12.0 Hz, 3.1 Hz, CyxsH), 1.64-1.86 (12H, m, C;sHy, CisH,, CossHy,
Ca¢Hp), 1.07-1.50 (18H, m, CisHa, Ci7Hz, CosaH, Cas3Hy, Coz7Ha, CossHb),
0.89-1.02 (4H, m, C44H3), 0.83 (6H, t, J = 7.3 Hz, Cy45H3) ppm.

BCNMR (100 MHz, CDCLy): 8¢ 157.1 (q, Caa1(Ar)), 139.9 (q, Ca3s(Ar)), 127.5 (t, Caso
(Ar), Cas(Ar)), 1142 (t, Cauo(Ar), Cua(Ar), 67.7 (s, Cy14(OCHy),
C19(OCH,)), 43.6 (t, Cy35(CH)), 39.7 (s, C244(CHa)), 36.9 (t, C232(CH)), 34.5
(s, C234(CHy), Ca36(CHy)), 33.5 (s, C34(CHa), C236(CH2)), 29.2 (s, Cis.
18(CH»)), 25.8 (s, Cis-.18(CH2)), 19.9 (s, C245(CH>)), 14.3 (s, C246(CH3)) ppm.

IR (Solid) Vimax: 2949(m) (C-Hz), 2913(m) (C-Hz), 2646(m), 2361(m), 1613(m)
(Ar), 1561(m) (Ar), 1510 (s) cm’".

EIMS:  m/z 518 (IM]", 22%), 433 ([C30H202]", 100%), 301 ([C21H50]", 100%), 218
([C15sH1601", 13%), 133 ([CisH 001", 100%), 83 ([Cotl11]", 90%), 55 ([CaHy]",
64%), 41 ([C3Hs]", 13%).

Elemental Analysis: C3;¢Hs40,: (Expected) C 83.26, H 10.41, N 0.00; (Found) C 83.27,

H 10.41, N 0.01

1,7-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)heptane

45
C37Hs560,
532.86

Rf 0.89; 100% DCM [1 spot by TLC]
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'"HNMR (400 MHz, CDCl3): 8y 7.03 (4H, d, J = 8.7 Hz, Cy30H, Ca3H), 6.74 (2H, d, J
= 8.7 Hz, CogoH, CasoH), 3.85 (4H, t, 6.5 Hz, O-C,H,, O-CooHy), 2.33 (2H,
tt, J = 12.1 Hz, 3.1 Hz, C3sH), 1.61-1.85 (12H, m, CisHy, C19H,, CazsHa,
CaisHz), 1.08-1.49 (20H, m, Ci¢Hy, Ci7H,, CisHy, Co3oH, Casz3Hy, CrzHy,
CausHy), 0.88-1.03 (4H, m, C244Hy), 0.83 (6H, t, ] = 7.3 Hz, CassH,) ppm.

BCNMR (100 MHz, CDCL3): 8¢ 157.6 (q, Ca41(A1)), 140.4 (q, Ca3s(Ar)), 128.0 (t, Ca39
(Ar). Cys(Ar), 1147 (t, Cauo(Ar), Cr(Ar)), 68.4 (s, Ci14(OCHy),
C20(0OCH,)), 44.2 (t, Cy35(CH)), 40.2 (s, Ca44(CHa)), 37.4 (t, Ca3(CH)), 35.0
(s, C234(CHa), Ca36(CH,)), 34.1 (s, Cp4(CHy), Ca36(CHy)), 29.7 (s, Cis.
19(CH2)), 26.4 (s, Ci5.19(CH2)), 20.4 (s, C245(CH>)), 14.8 (s, Ca46(CH3)) ppm.

IR (Solid) Vimax: 2919(m) (C-Hy), 2642(m), 2362(m), 1613(m) (Ar), 1512(m)
(Ar) cm™.

EIMS:  m/z 279 ([CooH20T", 10%), 167 ([C13Hol™, 30%), 149 ([CoH,30], 100%),
83 ([CsHi1T", 9%), 70 ([C4sHsO]", 40%), 57 ([C3HsO1", 30%), 41 ([CsHs]",
23%).

1,8-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)octane

46
243
0 C3sHss0
~ 15
207 234
v 244 38L158V2
14 239
N b 546.88
24 16 32 248 .
239 ) 2t 7
18 " 245
234 2 = 237
233 Q7 236
245
246 et

Rf 0.89; 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCly): 8, 7.03 (4H, d, J = 8.6 Hz, Co3oH, CagsH), 6.74 (2H, d, J
= 8.7 Hz, Co40H, C24oH), 3.85 (4H, t, 6.5 Hz, O-C4H,, O-Cy1H,), 2.33 (2H,
tt, J = 12.1 Hz, 3.1 Hz, Ca3sH), 1.60-1.86 (12H, m, CisHz, CagHs, CossHa,
CaeHa), 1.06-1.49 (22H, m, CisHi, Ci7Ha, CisHa, CioHz, CosoH, Co33H,
Cyp37H,, CrysHy), 0.88-1.03 (4H, m, CausHz), 0.83 (6H, t, J = 7.3 Hz, CousHa)
ppm.

BCNMR (100 MHz, CDCL): 8¢ 157.6 (q, Caar(AD)), 140.4 (g, Cass(Ar), 128.0 (t, Caso
(Ar), Cus(Ar), 1147 (1, Cap(Ar), Cir(Ar)), 68.4 (s, Ci4(OCHy),
C,1(OCHy)), 44.2 (t, Cy35(CH)), 40.2 (s, C244(CH3)), 37.4 (t, C332(CH)), 35.0
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(s, C234(CHa), Ca36(CHo)), 34.1 (s, Ca34(CHy), Cp36(CHy)), 29.7 (s, Cys.
20(CHa)), 26.4 (s, Cy5.20(CHa)), 20.4 (s, Cra5(CH,)), 14.8 (p, Ca46(CH3)) ppm.
IR (Solid) Vmax: 2920(m) (C-Hy), 2648(m), 2361(m), 1609(m) (Ar), 1561(m)
(Ar), 1509(m) (Ar) cm™.
EIMS:  m/z 279 ([CaH230]", 6%), 167 ([C13Ho]", 27%), 149 ([C1oH,130]7, 100%), 83
([CeH11T", 8%), 70 ([C4HsOT™, 42%), 57 ([C3H;50]", 36%), 41 (JC3Hs]", 28%).

1,9-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)nonane

240

47
C39HgyO>
560.91

Rf 0.90; 100% DCM [1 spot by TLC]

"HNMR (400 MHz, CDCls): 8 7.03 (4H, d, ] = 8.7 Hz, Ca39H, Ca43H), 6.74 (2H, d, J
= 8.7 Hz, CayoH, CasoH), 3.85 (4H, t, 6.5 Hz, O-C14H,, O-CyoHy), 2.33 (2H,
tt, ] = 12.2 Hz, 3.1 Hz, C3sH), 1.61-1.84 (12H, m, C,sH,, Ca1H,, CasgHy,
CoysHy), 1.07-1.48 (24H, m, C¢Ha, Ci7H,, CigHy, CioHy, CooHa, CopnH,
Ca33Ha, Ca37Ha, CoysHa), 0.89-1.02 (4H, m, CaysHy), 0.83 (6H, t, ] = 7.4 Hz,
Ca4sHz) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 157.6 (q, Caa1(Ar)), 140.4 (q, Ca3s(Ar)), 128.0 (1, Caze
(A1) Caz(Ar)), 114.7 (t, Cao(Ar), Caa(Ar), 684 (s, Ci14(OCH,),
C22(OCH,)), 44.2 (t, Ca35(CH)), 40.2 (s, Ca44(CH,)), 37.5 (t, C32(CH)), 35.0
(s, Ca34(CHa), Case(CHa)), 34.1 (s, Caza(CHn), Caz(CH)), 29.9 (s, Cis.
21(CHy)), 29.7 (s, C15.21(CH2)), 26.5 (5, C15:21(CH2)), 20.4 (s, C245(CH2)), 14.8
(p, C246(CH3)) ppm.

IR (Solid) Vimae 2920(m) (C-Hy), 2648(m), 2361(m), 1609(m) (Ar), 1561(m)
(Ar), 1509(m) (Ar) cm™.
MS: Not Obtained

1,10-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)decane
48
CaoHs20;
574.94



i5
v 233
o " 234 N
P 238 3
21 240
18 2 32 248
20 o 20 245
22 257
O~ 236
243
242

Rf 0.91; 100% DCM [1 spot by TLC]

"HNMR (400 MHz, CDCL): 8 7.03 (4H, d, ] = 8.7 Hz, Cy30H, Ca43H), 6.74 (2H, d, J
= 8.7 Hz, CayoH, CasH), 3.85 (4H, t, 6.5 Hz, O-C14H,, O-Cy3H,), 2.33 (2H,
tt, J = 12.1 Hz, 3.1 Hz, Cy3sH), 1.61-1.85 (12H, m, C;sH,, CayHa, CossHa,
CascHy), 1.08-1.47 (26H, m, CisH,, C17Ha, CisHy, CioHy, CioHy, CoxnH,
Ca33Hz, Co37Haz, CousHy), 0.89-1.03 (4H, m, Cpy4Hy), 0.83 (6H, t, J = 7.2 Hz,
Ca4sHy) ppm.

BCNMR (100 MHz, CDCL3): 8¢ 155.2 (q, Caq1(Ar)), 137.9 (g, Caas(Ar)), 125.5 (t, Ca39
(Ar), Ca3(Ar), 1122 (t, Caa(Ar), Caa(Ar)), 659 (s, Ci(OCHy),
C23(OCH,)), 41.8 (t, C235(CH)), 37.7 (s, C244(CHa)), 35.0 (t, Ca32(CH)), 32.5
(s, Ca34(CHa), Case(CHy)), 31.6 (s, C34(CHa), Ca36(CHa)), 27.4 (s, Cys.
22(CHa)), 27.3 (s, C15.22(CH,)), 23.9 (s, Ci5.22(CHy)), 18.0 (s, Caas(CHy)), 12.3
(P, C246(CH3)) ppm.

IR (Solid) Vmax: 2919(m) (C-Hy), 2649(m), 2360(m), 1608(m) (Ar), 1560(m)
(Ar), 1509(m) (Ar) cm’.
MS: Not Obtained

1,11-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)undecane

240

Rf 0.91; 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCLy): 8y 7.03 (4H, d. J = 8.5 Hz, CasoH, CassH), 6.74 (2H, d, J
= 8.7 Hz, Cy0H, Co4oH), 3.85 (4H, t, 6.5 Hz, O-C4H,, O-CxsH;), 2.33 (2H,
tt, J = 12.1 Hz, 3.0 Hz, CazsH), 1.60-1.85 (12H, m, CysHa, CsHa, CaseH,
CaseHa), 1.06-1.50 (28H, m, Ci¢Ha, Ci7Ha, CisHa, CioHa, CyoHy, CyHa,
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Ca3oH, Coy3Hy, Coz7Hy, CousHa), 0.88-1.03 (4H, m, Crq4H,), 0.83 (6H, t, J =
7.3 Hz, CossHy) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 157.7 (q, Cag1(Ar)), 140.3 (q, Ca3s(Ar)), 128.0 (t, Cas9
(Ar), Caa(Ar), 1147 (t, Cu(Ar), Can(Ar)), 684 (s, Ci4(OCH,),
C24(OCH,)), 44.2 (t, Ca3s(CH)), 40.2 (s, C244(CHa)), 37.5 (t, Ca32(CH)), 35.0
(s, Ca34(CHa), Ca36(CHo)), 34.1 (s, Ca34(CHz), Caz6(CH2)), 29.9 (s, Cys.
23(CH,)), 27.8 (s, Cy523(CHa)), 26.5 (s, C15:23(CHa)), 20.5 (s, Ca4s(CHy)), 14.8
(p, C246(CH3)) ppm.

IR (Solid) Vimax: 2915(m) (C-Hy), 2649(m), 2362(m), 1610(m) (Ar), 1561(m)
(Ar), 1511(m) (Ar) cm™.

EIMS:  m/z 279 ([C20H230]", 8%), 167 ([C13Hol", 29%), 149 ([C10H 13077, 100%), 83
([CeHT', 9%), 70 ([CsHsO]", 39%), 57 ([C3HsO]", 31%), 41 ([C3Hs], 24%).

1,12-bis-(4’-Propyl-1’-cyclohexylphenyl-4-oxy)dodecane
242 50

Rf 0.92; 100% DCM [1 spot by TLC]

'"HNMR (400 MHz, CDCl3): 8y 7.03 (4H, d, ] = 8.7 Hz, Cy39H, Cy43H), 6.74 (2H, d, I
= 8.7 Hz, CasoH, CooH), 3.85 (4H, t, 6.5 Hz, O-C14H,, O-CasHy), 2.33 (2H,
tt, J = 12.1 Hz, 3.0 Hz, Ca35H), 1.58-1.86 (12H, m, C;sH,, CouHy, CozgHy,
CasgHa), 1.05-1.49 (30H, m, CisHa, Ci7Hy, CigHy, CioHy, CygHy, CoiHy,
CaoHy, Co3oH, Co33Ha, Co37Ha, CassHy), 0.89-1.04 (4H, m, Cpy4Hy), 0.83 (6H,
t, J = 7.2 Hz, Cy4sH;) ppm.

BCNMR (100 MHz, CDCls): 8¢ 156.9 (q, Ca41(Ar)), 139.6 (q, Cas(Ar)), 127.3 (t, Cy39
(Ar). Cags(Ar)), 114.0 (t, Caw(Ar), Caun(Ar), 67.7 (s, C14(OCH,),
C25(0CH,)), 43.4 (t, Ca35(CH)), 39.5 (s, C244(CHy)), 36.8 (t, C232(CH)), 34.3
(s, Ca3s(CHa), Ca36(CHa)), 33.4 (s, Cp34(CHs), Cas(CHa)), 29.3 (s, Cis.
24(CHa)), 29.1 (s, Cis.24(CH2)), 25.8 (s, Ci5.24(CH2)), 19.7 (s, Cass(CHy)), 14.1
(p, C246(CH3)) ppm.



IR (Solid) Vmax: 2915(m) (C-Hy), 2649(m), 2361(m), 1610(m) (Ar), 1561(m)
(Ar), 1511(m) (Ar) cm™.

EIMS:  m/z 279 ([CoHx0T', 8%), 167 ([C13Hol", 30%), 149 ([C1oH 13017, 100%), 83
([CeH1 1T, 9%), 70 ([C4HsO]", 39%), 57 ([C3H;0T", 30%), 41 ([C3Hs], 24%).

7.3.2. CBOnOPCH3; a-(4’-cyanobiphenyl-4-oxy)-w-(4’-propyl-1’-
cyclohexylphenyl-4-oxy)alkane

n Temperature /°C Mass Yield
Cr N I mg %
6 ° 143 ® 187 ° 681 60
7 ® 119 e 139 ° 696 60
8 e 136 ® 170 e 370 31
9 ® 111 ® 134 ® 433 35
10 ® 113 ° 162 ® 547 43
11 ® 108 ® 135 ) 1100 85
12 ® 100 ® 145 ° 170 13

1 -(4’-Cyanobiphenyl-4-oxy)-6-(4’-propyl-1’-cyclohexylphenyl-4-oxy)hexane
1 245 51
C34Hi3NO,
495.71

To a stirred solution of 4-hydroxyphenyl-1-cyclohexyl-4’-propane (0.60g, 2.75 mMol,
1.20 eq) in butan-2-one (40 mL) was added anhydrous potassium carbonate (834 mg,
6.06 mMol, 2.64 eq) in one portion. The suspension was heated to reflux and stirred for
20 min before the addition of 1-(cyanobiphenyloxy)-hexyl-6-bromide (853 mg, 2.29
mMol, 1 eq) and a catalytic quantity of sodium iodide (80 mg). The solution were stirred
at reflux for approximately 3 days and then allowed to cool. The solvents were removed
in vacuo leaving an off-while solid. Water (50 mL) and then DCM (50 mL) was added.
The inorganic salts dissolved into the aqueous layer whilst the organic product dissolved
into the DCM. The layers were separated and the aqueous solution was washed
repeatedly with DCM (3 x 50 mL). The organics were combined, dried over anhydrous
MgSO, and filtered. The organics were then removed in vacuo to give the crude white
product. This was then purified by crystalisation from acetonitrile (~200 mL) to yield the

title compound 51 (681 mg, 1.38 mMol, 60.1%) as a white microcrystalline solid.



Rf
"H NMR

BC NMR

IR

EIMS:

0.71; 100% DCM [1 spot by TLC]

(400 MHz, CDCl3): 8y 7.61 (2H, d, ] = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.6 Hz, C3H, C;H), 7.44 (2H, d, J = 8.9 Hz, CoH, Ci3H), 7.03 (2H, d, ] = 8.4
Hz, Ca30H, CassH), 6.92 (2H, d, J = 8.9 Hz, CayoH, CapoH), 6.61 2H, d, ] =
8.7 Hz, CioH, CoH), 3.97 (2H, t, 6.4 Hz, O-C,H,), 3.87 (4H, t, 6.4 Hz, O-
CioHy), 2.33 (1H, tt, J = 12.1 Hz, 3.1 Hz, Cy35H), 1.63-1.85 (8H, m, C;sH,,
CigHy, CosHy, CosHy), 1.40-1.55 (4H, m, Ci¢Hy, Ci7Hy), 1.07-1.55 (7H, m,
Ca3oH, Co33H,, Ca37Ha, CausHy), 0.89-1.02 (2H, m, Cay4Hy), 0.82 (3H, t, J =
7.2 Hz, Cy4sHy) ppm.

(100 MHz, CDCl3): 8¢ 160.2 (q, Cii(Ar)), 157.6 (q, Cas(Ar)), 145.7 (q,
Cs(Ar)), 140.4 (q, Cass(Ar)), 133.0 (t, C3(Ar), C+(Ar)), 131.7 (g, Cs(Ar)),
128.7 (t, C4(Ar), Ce(Ar)), 128.0 (t, Co(Ar),Ci3(Ar)), 127.5 (t, Caze (Ar)
Ca43(A1), 119.5 (q, C1(CN)), 115.5 (t, Cio(Ar). Ci2(Ar)), 114.7 (t, Cago(Ar),
Cau(Ar)), 110.5 (q, Ca(Ar)), 68.4 (s, C14(OCH>)), 68.2 (s, C19(OCH,)), 44.1
(t, C23s(CH)), 40.2 (s, Ca44(CH2)), 37.5 (t, Ca32(CH)), 35.0 (s, Ca34(CHo),
C26(CHa)), 34.0 (s, C233(CHa), C237(CH2)), 29.7 (s, C15.18(CHa)), 29.5 (s, Cis.
18(CHa)), 26.3 (s, Cy5.18(CHy)), 20.4 (s, C245(CHy)), 14.8 (s, C246(CH3)) ppm.
(Solid) Vimax: 2915(m) (C-Hy), 2649(m), 2361(m), 2222(w) (C=N), 1609(m)
(Ar), 1561(m) (Ar), 1510(m) (Ar) cm’.
m/z 495 (IM], 35%), 410 ([C25H3NOJ", 5%), 278 ([C;sHoNO]", 11%), 195
([C13HoNOT", 97%), 133 ([CoH100]", 100%), 83 ([CsHio]", 81%), 55 ([C4H4]",
72%), 41 (JC3Hs]", 19%).

Elemental Analysis: C3,H;3NO,: (Expected) C 82.31, H 8.67, N 2.82; (Found) C 82.23,
H8.56,N2.71

1 -(4’-Cyanobiphenyl-4-oxy)-7-(4’-propyl-1’-cyclohexylphenyl-4-oxy)heptane

242

O\/E\/\/Q\/O 52
4 16 20 C35H45N02
509.74




Rf 0.72; 100% DCM

THNMR (400 MHz, CDCly): 8 7.61 (2H, d, ] = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.6 Hz, C3H, C;H), 7.44 (2H, d, J = 8.8 Hz, CoH, C;3H), 7.03 (2H, d, ] = 8.7
Hz, CasoH, CausH), 6.91 (2H, d, J = 8.8 Hz, CasoH, CogoH), 6.74 (2H, d, J =
8.7 Hz, C\oH, C1oH), 3.93 (2H, t, 6.5 Hz, O-C14Hy), 3.87 (4H, t, 6.5 Hz, O-
CaoHy), 2.32 (1H, tt, J = 12.1 Hz, 3.1 Hz, Ca35H), 1.61-1.85 (8H, m, C,sHa,
CioHa, CazsHy, CassHy), 1.07-1.52 (13H, m, CisHa, Ci7Hy, CisHa, CosoH,
Cas3Ha, Ca237Hy, CousHa), 0.88-1.03 (2H, m, CayHy), 0.82 (3H, t, J = 7.3 Hz,
Ca4sHz) ppm.

BCNMR (100 MHz, CDCls): 8¢ 160.2 (q. C11(Ar)), 157.6 (q, Cas(Ar)), 145.7 (q,
Cs(Ar)), 140.4 (q, Cass(Ar)), 133.0 (t, Cs(Ar), C(Ar)), 131.7 (q, Cs(Ar)),
128.7 (t, C4(Ar), Ce(Ar)), 128.0 (t, Co(Ar), Ci3(Ar)), 127.5 (1, Casg (Ar).
Ca43(AD), 119.5 (q, C1(CN)), 115.5 (t, Cro(Ar) Ci2(Ar)), 114.7 (t, Cago(AD),
Ca02(AD)), 110.5 (q, Ca(Ar)), 68.4 (s, C14(OCH,)), 68.3 (s, Co(OCH,)), 44.2
(t, Ca3s(CH)), 40.2 (s, Ca44(CHo)), 37.5 (t, C32(CH)), 35.0 (s, Cy34(CHa),
Ca36(CH2)), 34.1 (s, C34(CHa), Ca36(CHa)), 29.7 (s, Cis.19(CHa)), 29.5 (s, Cis.
19(CH2)), 26.4 (s, Cy5.19(CH>)), 20.4 (s, C245(CH>)), 14.8 (s, C246(CH3)) ppm.

IR (Solid) Vinax: 2916(m) (C-Hy), 2649(m), 2362(m), 2223(w) (C=N), 1605(m)
(Ar), 1581(m) (Ar), 1510(m) (Ar) em’.

EIMS:  m/z 279 ([CooH2301", 8%), 193 ([C13H/NO]", 29%), 167 ([C13Ho]", 29%), 149
([C1oH130]", 100%), 83 ([CsHil", 9%). 70 ([CsHeO]", 39%), 57 ([CsHsOT",
31%), 41 ([C3Hs]", 24%).

1 -(4’-Cyanobiphenyl-4-oxy)-8-(4’-propyl-1’-cyclohexylphenyl-4-oxy)octane

. 53
EN 5” o is . C36H45N02
NS 25 N \% 523.77

* QO

Rf 0.73; 100% DCM [1 spot by TLC]

'"HNMR (400 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.55 (2H, d, J =
8.6 Hz, CsH, C;H), 7.44 (2H, d, J = 8.8 Hz, CoH, CisH), 7.03 (2H, d, J = 8.5
Hz, Cy0H, CogsH), 6.91 (2H, d, J = 8.8 Hz, CoxH, CopoH), 6.74 2H, d, J =

391



3C NMR

IR

EIMS:

8.7 Hz, C\oH, CoH), 3.93 (2H, t, 6.5 Hz, O-C\4H3), 3.85 (2H, t, 6.5 Hz, O-
CoHy), 2.32 (1H, tt, J = 12.1 Hz, 3.0 Hz, Cy3sH), 1.59-1.86 (8H, m, C,sHy,
CaoHa, Ca3sHa, CasHy), 1.05-1.49 (15H, m, C;Ha, C7H,, CigH,, CioHy,
CasoH, Co33Hy, Cos7Ha, CousHy), 0.88-1.03 (2H, m, CausHy), 0.82 BH, t, J =
7.3 Hz, CysH3) ppm.

(100 MHz, CDCl3): 8¢ 160.2 (q, C1i(Ar)), 157.6 (q, Cass(Ar)), 145.7 (q,
Cs(Ar)), 140.4 (q, Cus(Ar), 133.0 (t, C3(Ar), C+(Ar)), 131.7 (q, Cs(Ar)),
128.7 (t, Cs(Ar), Ce(Ar)), 128.0 (t, Co(Ar), Ci3(Ar)), 127.5 (t, Cazo (Ar),
Ca3(AD), 119.5 (q, C1(CN)), 115.5 (t, Cro(Ar). Cia(Ar)), 114.7 (t, Caao(Ar),
Ca42(Ar)), 110.5 (g, C2(Ar)), 68.6 (s, C14(OCHy)), 68.3 (s, C21(OCH,)), 44.2
(t, C35(CH)), 40.2 (s, Caaa(CHy)), 37.5 (1, Ca32(CH)), 35.0 (s, Caze(CHy),
Ca36(CH2)), 34.1 (s, Ca34(CHa), C236(CHa)), 29.8 (s, Cis:20(CHa)), 29.7 (s, Cis.
20(CHa)), 29.6 (s, C1s5.20(CHa)), 26.4 (s, Cys5.20(CHa)), 20.4 (s, C245(CH,)), 14.8
(8, Cas6(CH3)) ppm.

(Solid) Vimax: 2916(m) (C-Hy), 2650(m), 2362(m), 2232(w) (C=N), 1606(m)
(Ar), 1582(m) (Ar), 1510(m) (Ar) cm’.

m/z 523 (IM]", 45%), 438 ([C30H3sNO]", 5%), 305 ([C20H»NO], 11%), 218
([C13H12NOT', 9%), 195 (JC13HoNOJ", 100%), 133 ([CoH;00]", 98%), 69
([CsHo]", 72%), 41 ([C3Hs]", 19%).

1 -(4’-Cyanobiphenyl-4-oxy)-9-(4’-propyl-1’-cyclohexylphenyl-4-oxy)nonane

Rf
'"H NMR

2z O 15 17 19 21 O 242 N 54
) C37H¢NO,
537.59

0.75; 100% DCM [1 spot by TLC]
(400 MHz, CDCl3): & 7.61 (2H, d, ] = 8.6 Hz, C,H, C¢H), 7.56 (2H, d, J =
8.6 Hz, C;H, C;H), 7.44 (2H, d, ] = 8.6 Hz, CsH, C13H), 7.03 2H, d, J = 8.4
Hz, Ca30H, CagsH), 6.91 (2H, d, J = 8.8 Hz, CauoH, CasoH), 6.74 (2H, d, J =
8.8 Hz, CioH, C1,H), 3.93 (2H, t, 6.5 Hz, 0-C;Hy), 3.85 (2H, t, 6.5 Hz, O-



CxoHy), 2.32 (1H, tt, J = 12.1 Hz, 3.1 Hz, Ca35H), 1.53-1.62 (8H, m, C sH,,
CoHa, CoisHa, CosgHy), 1.07-1.49 (17H, m, Ci6Ha, C7Ha, CsHa, CioHa,
CooHa, Ca30H, Ca33Ha, Co37Ha, CoysHy), 0.88-1.03 (2H, m, CausHy), 0.82 (3H,
t, J = 7.2 Hz, C45H3) ppm.

BCNMR (100 MHz, CDCl;): 8¢ 158.0 (q, Cii(Ar)), 155.4 (q, Cass(Ar)), 143.5 (q,
Cs(Ar)), 138.1 (q, Cass(Ar)), 130.7 (t, C3(Ar), C5(Ar)), 129.4 (q, Cs(Ar)),
126.7 (t, C4(Ar), C4(Ar)), 125.7 (1, Co(Ar), Ci3(Ar)), 1252 (t, Cazo (Ar).
Caa3(Ar)), 117.2 (g, Ci(CN)), 113.3 (t, Cio(Ar). Cia(Ar)), 112.4 (t, Cago(Ar),
Ca42(Ar)), 108.2 (q, C(Ar)), 66.3 (s, C14(OCH,)), 66.1 (s, C22(OCH,)), 41.9
(t, Ca3s(CH)), 37.9 (s, Caas(CH2)), 352 (t, Casa(CH)), 32.8 (s, Ca34(CHo),
C236(CHy)), 31.8 (s, C234(CH2), Ca36(CH2)), 27.6 (s, C15.21(CHa)), 27.5 (s, Cis.
21(CHy)), 27.4 (s, Ci5.21(CH2)), 27.3 (s, Ci15.21(CH2)), 24.2 (s, Ci5.21(CHy)),
18.2 (s, C245(CHa)), 12.6 (s, C246(CH3)) ppm.

IR (Solid) Viax: 2916(m) (C-Hy), 2650(m), 2362(m), 2232(w) (C=N), 1606(m)
(Ar), 1582(m) (Ar), 1510(m) (Ar) cm.

EIMS:  m/z 279 (JC20H20]", 8%), 208 (JC15H130], 2%), 167 ([C13Hs]", 31%), 149
([C1oH130]", 100%), 83 ([CeHil", 9%), 70 ([C4HsO]", 37%), 57 ([CsHsO[,
30%), 41 ([C3Hs]", 22%).

1 -(4’-Cyanobiphenyl-4-oxy)-10-(4’-propyl-1’-cyclohexylphenyl-4-oxy)decane
0 55
C3sH4NO,
551.82

Rf 0.76; 100% DCM [1 spot by TLC]

'THNMR (400 MHz, CDCLy): 8y 7.61 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.6 Hz, C3H, C;H), 7.45 (2H, d. ] = 8.6 Hz, CoH, C13H), 7.03 (2H, d, J = 8.5
Hz, CasoH, CausH), 6.91 (21, d, 1 = 8.8 Hz, CasoH, CasoH), 6.74 (2H, d, 1 =
8.7 Hz, C1oH, C1,H), 3.93 (2H, t, 6.5 Hz, 0-C14Hy), 3.85 (2H, t, 6.5 Hz, O-
CysHy), 2.32 (1H, tt, J = 12.1 Hz, 3.1 Hz, Ca3sH), 1.60-1.86 (8H, m, CysHs,
CaoHa, CosuHa, CasgHy), 1.05-1.49 (19H, m, CiH,, Ci7Ha. CisHa, CioH,



BC NMR

IR

EIMS:

CooHa, Co1H,, CosoH, CossHy, Coz7Ha, CoysHa), 0.88-1.03 (ZH, m, CouyHy),
0.82 (3H, t, ] = 7.3 Hz, Ca45Hy) ppm.

(100 MHz, CDCl3): 8¢ 160.7 (q, Cii(Ar)), 158.1 (q, Cass(Ar)), 14622 (q,
Cs(Ar)), 140.8 (q, Cass(Ar)), 133.4 (t, C3(Ar), Cs(Ar)), 132.1 (g, Cs(Ar)),
129.2 (t, C4(Ar), Cs(Ar)), 128.4 (t, Co(Ar), Ci3(Ar)), 127.9 (t, Cazo (A1),
Cai3(Ar)), 119.9 (g, C1(CN)), 116.0 (t, Cio(Ar) Cix(Ar)), 115.1 (t, Cage(Ar),
C242(Ar)), 110.9 (q, C2(Ar)), 69.0 (s, C14(OCH,)), 68.8 (s, C23(OCH,)), 44.6
(t, C3s(CH)), 40.6 (t, Caag(CH)), 37.9 (s, C23:(CHa)), 35.5 (s, Caz4(CHo),
C136(CHy)), 34.5 (s, C234(CH3), Cy36(CHy)), 30.3 (s, C1522(CHy)), 30.2 (s, Cys.
22(CH2)), 30.1 (s, Cis.22(CH)), 26.9 (s, Ci5.22(CHy)), 26.9 (s, Cis5:22(CHy)),
20.9 (s, Ca45(CH,)), 15.3 (s, Ca46(CH3)) ppm.

(Solid) Viax: 2919(m) (C-Hy), 2649(m), 2361(m), 2226(m) (C=N), 1601(m)
(Ar), 1580(m) (Ar), 1512(m) (Ar) cm’.

m/z 279 ([C20H20]", 8%), 195 (|C13HoNO]", 1%), 167 ([Ci3Ho]", 30%), 149
([C1oH130]", 100%), 83 ([CsHul", 9%), 70 ([C4HsO]", 37%), 57 (IC3H5OT,
28%), 41 ([C3Hs]", 18%)

1 -(4’-Cyanobiphenyl-4-oxy)-11-(4’-propyl-1’-cyclohexylphenyl-4-oxy)undecane

Rf
'"H NMR

o 56
) C39Hs51NO;
565.85

0.77; 100% DCM [1 spot by TLC]

(400 MHz, CDCl3): 64 7.61 (2H, d, J = 8.6 Hz, C4H, CcH), 7.56 (2H, d, ] =
8.6 Hz, C;H, C;H), 7.45 (2H, d, ] = 8.7 Hz, CoH, C;3H), 7.03 (2H, d, J = 8.9
Hz, Ca30H, Cy43H), 6.91 (2H, d, J = 8.8 Hz, CsoH, CosoH), 6.74 (2H, d, J =
8.7 Hz, CioH, C1oH), 3.93 (2H, t, 6.5 Hz, O-C4H>), 3.85 (2H, t, 6.6 Hz, O-
CyHy), 2.32 (1H, tt, J = 12.1 Hz, 3.0 Hz, Cy3sH), 1.58-1.86 (8H, m, C;sHa,
CyHy, CossHay, CpseHaz), 1.03-1.49 (21H, m, CisH,, Ci7Ha, CigHa, CioHa,



CooHs, CoiH,, CyHs, ConH, Cr3zHay, Coz7Hy, CoysHz), 0.88-1.03 (2H, m,
CauqHy), 0.82 (3H, t, J = 7.3 Hz, CassH,) ppm.

BCNMR (100 MHz, CDCls): 8¢ 160.3 (g, Cii(Ar)), 157.7 (q, Cass(Ar)), 145.7 (q,
Cs(Ar)), 140.4 (q, Cass(Ar)), 133.0 (t, C3(Ar), Co(Ar)), 131.7 (q, Cs(Ar)),
128.7 (t, C4(Ar), Ce(Ar)), 128.0 (t, Co(Ar), Cy3(Ar)), 127.5 (t, Caso (Ar),
Ca43(Ar)), 119.5 (g, C1(CN)), 115.5 (t, Cyg(Ar). Cia(Ar)), 114.7 (t, Caao(Ar),
Ca42(Ar)), 110.5 (q, Ca(Ar)), 68.6 (s, C14(OCH,)), 68.4 (s, C24(OCH,)), 44.1
(t, Ca3s(CH)), 40.2 (s, Ca44(CHa)), 37.5 (t, Ca32(CH)), 35.0 (s, Ca34(CH>),
Ca236(CHa)), 34.1 (s, Ca34(CH,), Ca36(CHy)), 30.0 (s, Ci5.23(CHy)), 29.8 (s, Cys.
23(CHa)), 29.6 (s, Ci5.23(CHa)), 26.5 (s, Ci523(CHz)), 26.4 (s, Ci523(CHy)),
20.4 (s, C245(CHyp)), 14.8 (s, Cag6(CH3)) ppm.

IR (Solid) Vinax: 2918(m) (C-Hy), 2650(m), 2362(m), 2232(w) (C=N), 1605(m)
(Ar), 1579(m) (Ar), 151 1(m) (Ar) cm™.

EIMS:  m/z 279 ([Ca0Hp01", 9%), 207 ([C1sHoNO]', 5%), 193 ([C13HNOT', 1%),
167 ([Ci3Hol", 30%), 149 ([C1oH;30]7, 100%), 83 ([C¢Hiil™, 9%), 70
([C4HeOT", 35%), 57 (JC3Hs01", 28%), 41 ([C3Hs]", 20%)

1 -(4’-Cyanobiphenyl-4-oxy)-12-(4’-propyl-1’-cyclohexylphenyl-4-oxy)dodecane

o 57
N . .. CyHs3NO;
579.87

Rf 0.78: 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCL): 8 7.61 (2H, d. J = 8.6 Hz, C4H, CeH), 7.56 (2H, d, J =
8.6 Hz, C;H, C;H), 7.45 (2H, d, ] = 8.9 Hz, CoH, C15H), 7.03 (2H, d, J = 8.5
Hz, Ca30H, Cy43H), 6.92 (2H, d, J = 8.9 Hz, Cy40H, Co0oH), 6.74 2H, d, J =
8.7 Hz, C1oH, CpoH), 3.93 (2H, t, 6.5 Hz, O-C4Hy), 3.85 (2H, t. 6.5 Hz, O-
CysHy), 2.32 (1H, tt, J = 12.1 Hz, 3.1 Hz, Cy;sH), 1.60-1.85 (8H, m, C;sH,,
CauH;, Ca34Hy, CoseHy), 1.05-1.50 (23H, m, CisHa, Ci7H,, CigHz, CioHy,
CaoHa, Co1Ha, CyoHy, CosH,, CosaH, Coz3Ha, CozqHa, CogsHy), 0.88-1.03 (2H,
m, Ca44H3), 0.82 (3H, t, J = 7.3 Hz, Cy4sH3) ppm.



BCNMR (100 MHz, CDCl3): 8¢ 160.3 (q, Cni(Ar), 157.7 (q, Cas(Ar)), 145.7 (q,
Cs(Ar)), 140.4 (q, Cass(Ar)), 133.0 (t, C3(Ar), CH(Ar)), 131.6 (q, Cs(Ar)),
128.7 (1, Cy(Ar), Ce(Ar)), 128.0 (t, Co(Ar), Ci3(Ar)), 127.5 (t, Caso (AD),
Ca43(A1)), 119.5 (q, C1(CN)), 115.5 (1, C19(Ar). Ci2(Ar)), 114.7 (t, Cage(Ar),
Ca02(Ar)), 110.5 (g, Ca(Ar)), 68.6 (s, C14(OCH,)), 68.4 (s, C25(OCH,)), 44.2
(t, Ca3s(CH)), 40.2 (s, Caua(CHy)), 37.5 (t, C32(CH)), 35.0 (s, Cy34(CHo),
Ca36(CHy)), 34.1 (s, C234(CHa), Ca36(CH2)), 29.9 (s, C15.24(CH2)), 29.8 (s, Cys.
24(CH2)), 29.6 (s, Ci5.24(CH2)), 26.5 (s, Cis5-24(CHy)), 26.4 (s, Ci524(CHp)),
20.4 (s, Caas(CHa)), 14.8 (s, C246(CH3)) ppm.

IR (Solid) Viax: 2916(m) (C-Hy), 2649(m), 2362(m), 2230(w) (C=N), 1606(m)
(Ar), 1580(m) (Ar)., 1513(m) (Ar) ecm™.

EIMS:  m/z 279 ([CyoH230]", 9%), 207 ([CisHoNOT, 6%), 195 ([C;3sHoNOT, 1%),
167 ([Ci3Hol", 29%), 149 ([C1oHi30]7, 100%), 83 ([C¢Hii]", 9%), 70
(IC4H60T", 36%), 57 ([C3H501", 30%), 41 ([C3Hs]", 20%)

7.3.3. CBOnOPCHY7; a-(4’-cyanobiphenyl-4-oxy)-o-(4’-heptyl-1’-
cyclohexylphenyl-4-oxy)alkane

n Temperature /°C Mass Yield
Cr Smy N I mg %
4 ) 127 ® 185 ® 197 ® 620 65
5 ® 128 ® (11 ® (127) ® 650 67
6 ® 113 ® 151 ® 172 ® 810 81
7 ® 114 ® (104) ® 130 ® 530 52
8 ° 105 ° 123 e 162 ® 803 76
9 ® 104 ® (81) ® 126 ® 2135 72
10 ° 124 ® (92) ® 146 ® 792 73
11 e 105 e e 127 ° 2350 91
12 ® 121 ® ) 141 ® 967 84

1-(4’-Cyanobiphenyl-4-0xy)-6-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)hexane

38
C3sHypNO,
551.82

396



Proceedure:
To a stirred solution of 4-hydroxyphenyl-1-cyclohexyl-4’-heptane (500 mg, 1.82 mMol,
1 eq) in butan-2-one (40 mL) was added anhydrous potassium carbonate (452 mg, 3.27
mMol, 1 eq) in one portion. The suspension was heated to reflux and stirred for 20 min
before the addition of 1-(cyanobiphenyloxy)-hexyl-6-bromide (651 mg, 1.82 mMol, 1 eq)
and a catalytic quantity of sodium iodide (80 mg). The solution was stirred at reflux for
approximately 3 days and then allowed to cool. The solvents were removed in vacuo
leaving an off-while solid. Water (50 mL) and then DCM (50 mL) were added. The
inorganic salts dissolved into the aqueous layer whilst the organic product dissolved into
the DCM. The layers were separated and the aqueous solution was washed repeatedly
with DCM (3 x 50 mL). The organics were combined, dried over anhydrous MgSO4 and
filtered. The organics were then removed in vacuo to give the crude white product. This
was then purified by crystalisation from acetonitrile (~100 mL) to yield the title
compound 58 (810 mg, 1.47 mMol, 8§0.7%) as a white microcrystalline solid.
Rf 0.77; 100% DCM
THNMR (400 MHz, CDCl3): 8; 7.61 (2H, d, J = 8.6 Hz, C;H, C4H), 7.56 (2H, d, J =
8.6 Hz, C;H, C;H), 7.44 (2H, d, J = 9.0 Hz, C4H, C3H), 7.04 2H, d,J = 8.6
Hz, CosH, CogH), 6.91 (2H, d, J = 8.8 Hz, CosH, Co7H), 6.74 (2H, d, ] = 8.8
Hz, CoH, C;H), 3.94 (2H, t, 6.4 Hz, O-C4;H3), 3.89 (2H, t, 6.4 Hz, O-
CioHy), 2.33 (1H, tt, J = 11.9 Hz, 2.8 Hz, CooH), 1.62-1.86 (8H, m, C,sH;,
CisHa, CgoHa, Co Hy), 1.41-1.86 (4H, m, CisH,, Ci7Hy), 1.06-1.41 (15H, m,
Cs7H, CgsHy, CooHy, CiooHa, Cro1Ha, Cro2Ha, Cio3Ha, Cio4Hy), 0.89-1.06 (2H,
m, CoH3), 0.81 (3H, t, J = 7.1 Hz, Cy9sH2) ppm.
BCNMR (100 MHz, CDCls): 8¢ 159.8 (g, Cii(Ar)), 157.2 (q, Cos(Ar)), 145.3 (q,
Cs(Ar)), 140.1 (q, Co3(Ar)), 132.6 (t, C3(Ar), C:(Ar)), 131.3 (q, Cs(Ar)),
128.3 (t, C4(Ar), Ce(Ar)), 127.6 (t, Co(Ar),Ci3(Ar)), 127.1 (t, Cos (Ar)
Cog(Ar)), 119.1 (q, C(CN)), 115.1 (t, Cyo(Ar), Ci2(Ar)), 114.3 (I, Cos(Ar),
Co7(Ar)), 110.1 (g, C2(A1)), 68.0 (s, C14(OCH,)), 67.8 (s, C19(OCH,)), 43.8
(t, Coo(CH)), 37.5 (s, Coo(CHy)), 37.5 (t, Cg7#(CH)), 34.6 (s, Cgo(CHz),
Co1(CH,)), 33.7 (s, Cgs(CHs), Coa(CHy)), 31.9 (s, Ci5.18/Cr00-105 (CH,)), 30.0
(s, Ci5.18/Cig0-105(CH2)), 29.4 (s, Ci5.18/Cro0-10s(CH2)), 29.3 (s, Cis.18/Cioo-



105(CHy)), 29.2 (s, Ci5.18/C100-105(CHz)). 27.0 (s, C15.18/Ci00-105(CHo)), 25.9 (s,
C15.18/Ci00-105(CH2)), 22.7 (s, C15.18/C1o0-105(CH2)), 14.1 (s, C195(CH3)) ppm.
IR (Solid) Ve 2915(m) (C-Hy), 2845(m), 2227(m) (C=N), 1604(m) (Ar),
1576(w) (Ar), 1510(s) (Ar), 1467(s) cm’.
EIMS: m/z 279 ([C20H230]", 9%), 207 (|C1sHoNO]", 5%), 167 ([C13Ho]", 30%), 149
(ICioH130]", 100%), 83 ([CeHil", 9%), 70 (ICsHsO]", 35%), 57 (ICsHs07",
29%), 41 ([C3Hs]", 20%)
Elemental Analysis: C3gH4oNO,: (Expected) C 82.64, H 8.88, N 2.54; (Found) C 82.63,
H 8.87, N 2.53

1-(4’-Cyanobiphenyl-4-oxy)-6-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)butane

59
C36HysNO;
523.77

Rf 0.78; 100% DCM [1 spot by TLC]

"HNMR (400 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C,H, C4H), 7.56 (2H, d, ] =
8.6 Hz, C;H, C/H), 7.44 (2H, d, ] = 8.9 Hz, CgH, C3H), 7.04 (2H, d, J = 8.4
Hz, CosH, CosH), 6.92 (2H, d, ] = 8.8 Hz. CosH, Co;H), 6.75 (2H, d, ] = 8.7
Hz, CioH, C;oH), 4.01 (2H, t, 5.6 Hz, O-Ci4Hy), 3.95 (2H, t, 5.6 Hz, O-
Ci7H,), 2.33 (1H, tt, J = 12.1 Hz, 3.1 Hz, CoH), 1.69-2.00 (8H, m, C,sH,,
CigHa, CsoHa, CoiHy), 1.05-1.44 (15H, m, Cg/H, CssHj, CooHy, CiooHo,
Ci01Hz, Cr0oH3, C1o3Ha, CioaHy), 0.87-1.05 (2H, m, CooHy), 0.82 (3H, t, ] =
7.2 Hz, Cy9sH3) ppm.

BCNMR (100 MHz, CDCls): 8¢ 159.7 (q, Cii(Ar)), 157.1 (g, Cos(Ar)), 145.3 (q,
Cs(Ar)), 140.2 (g, Coz(Ar), 132.6 (t, C3(Ar), C5(Ar)), 131.4 (q, Cs(Ar)),
1283 (t, C4(Ar), C4(Ar)), 127.6 (t, Co(Ar),Ci3(Ar)), 127.1 (t, Coq (AD),
Cos(AD), 119.1 (q, C{(CN)), 115.1 (t, Cio(Ar). Cia(Ar)), 114.3 (t, Cos(Ar),
Co7(Ar)), 110.1 (g, Ca(Ar)), 67.7 (s, C14(OCH>)), 67.4 (s, C17(OCHy)), 43.8
(t, Coo(CH)), 37.4 (s, Coo(CH,)), 37.4 (t, Cs:(CH)), 34.6 (s, Cso(CHa),
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Co1(CHy)), 33.6 (s, Cgs(CH,), Co2(CH2)), 31.9 (s, Ci5.16/Cio0-105 (CH>)), 30.0
(s, Cis516/Ci00-105(CH2)), 29.4 (s, Ci5.16/Ci00-105(CH2)), 27.0 (s, Cys.16/Cro0-
10s(CH2)), 26.0 (s, C15.16/C100-105(CH2)), 22.7 (s, C15.1¢/Cro0-105(CHz)), 14.1 (s,
C105(CH3)) ppm.

IR (Solid) Vimax: 2915(m) (C-Hy), 2867(m), 2225(m) (C=N), 1597(m) (Ar),
1529(w) (Ar), 1493 (s) cm’.

EIMS:  m/z 523 (IM]", 22%), 329 ([C23H30]", 39%), 274 ([C1oH300]", 8%), 250
([C17H250]", 100%), 208 ([C14HoNO]", 73%), 195 ([C13HNO]', 74%), 133
([CoH100T", 38%), 55 ([C4H1", 24%), 41 ([C3Hs]", 6%).

1-(4’-Cyanobiphenyl-4-oxy)-5-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)pentane

OO 60
CyHNO;
537.79

Rf 0.78; 100% DCM [1 spot by TLC]

'THNMR (400 MHz, CDCls): 8y 7.60 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.55 (2H, d, ] =
8.6 Hz, CsH, C;H), 7.44 (2H, d, ] = 9.0 Hz, CoH, C;3H), 7.04 (2H, d, ] = 8.6
Hz, CosH, CosH), 6.91 (2H, d, J = 8.8 Hz, CosH, Co-H), 6.74 (2H, d, ] = 8.8
Hz, CiH, CpoH), 3.96 (2H, t, 6.3 Hz, O-Ci4H,), 3.89 (2H, t, 6.3 Hz, O-
CisHy), 2.32 (1H, tt, J = 12.0 Hz, 2.9 Hz, CooH), 1.67-1.87 (8H, m, C;sH,,
Ci7Hy, CgoHa, CoHa), 1.52-1.67 (8H, m, CisHa, C7Ha, CisHa CsoHa,
CotHy), 1.04-1.43 (15H, m, Cs7H, CssHy, CoaHa, CiooHa, CioHa, CiooHa,
Cio3Hz, Cro4Ha), 0.86-1.05 (2H, m, CooHy), 0.81 (3H, t, J = 7.2 Hz, Cyo5Hy)

BCNMR (100 MHz, CDCL): 8¢ 159.8 (q. Cii(Ar)), 157.1 (q, Cog(Ar)), 145.3 (q,
Cs(Ar)), 140.1 (q, Co3(Ar)), 132.6 (t, C3(Ar), Cx(Ar)), 131.4 (g, Cs(Ar)),
128.3 (t, Ca(Ar), Ce(Ar)), 127.6 (1, Co(Ar),Ciz(Ar)), 127.1 (t, Cos (Ar).



Cos(Ar)), 119.1 (g, C(CN)), 115.1 (t, Cio(Ar) Cia(Ar)), 114.3 (t, Cos(Ar),
Co7(Ar)), 110.1 (g, Ca(Ar)), 68.0 (s, C14(OCH,)), 67.7 (s, C1s(OCH,)), 43.8
(t, Cop(CH)), 37.5 (s, Coo(CH,)), 37.4 (t, Cg7(CH)), 34.6 (5, Cgo(CHy),
Co1(CHy)), 33.7 (s, Css(CH,), Coy(CHy)). 31.9 (s, Cy5.19/Cipp-105 (CHa)). 30.0
(s, Ci517/C100-105(CHz)), 29.4 (s, Ci5.17/Cro0-105(CH2)), 29.1 (s, Ci5.17/Cigo-
105(CH:)), 29.0 (s, C15.17/Cro0.105(CH2)), 27.0 (s, C15.17/C1o0-105(CH2)), 22.8 (s,
C15.16/C100-105(CH2)), 22.7 (s, Ci5.16/C100-10s(CH2)), 14.1 (s, C195(CH3)) ppm.

IR (Solid) Vmae: 2916(m) (C-Hy), 2846(m), 2226(m) (C=N), 1604(m) (Ar),
1511(w) (Ar), 1466 (s) cm™.

EIMS:  m/z 537 (IM]", 9%), 343 ([C24H3s0]", 39%), 274 ([C19H300]", 8%), 264
([C1sH300]", 100%), 208 ([C1sHoNO]", 31%), 195 ([C13HNO]", 92%), 133
([CoH100T", 38%), 69 ([CsH7]", 24%), 55 ([C4H7]", 24%), 41 ([C3Hs]", 6%).

1-(4’-Cyanobiphenyl-4-oxy)-7-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)heptane

O AANAAO 61
C3oH51NO,
565.85

105

Rf 0.80; 100% DCM |1 spot by TLC]

'HNMR (400 MHz, CDCLy): 8y 7.61 (2H, d, J = 8.6 Hz, C4H, C4H), 7.56 (2H, d, J =
8.6 Hz, C;H, C;H), 7.45 (2H, d, J = 8.8 Hz, CyH, C;3H), 7.03 (2H, d, J = 8.6
Hz, CosH, CogH), 6.91 (2H, d, J = 8.8 Hz, CosH, CoH), 6.74 (2H, d, J = 8.6
Hz, C,oH, CpH), 3.94 (2H, t, 6.5 Hz, O-Ci4H;), 3.86 (2H, t, 6.5 Hz, O-
CaoHa), 2.32 (1H, tt, J = 12.1 Hz, 3.2 Hz, CooH), 1.61-1.89 (8H, m, CisHs,
Ci9H;, CgoH3z, Co1Hp), 1.06-1.41 (21H, m, C;sHa, Ci7H3, CigH2, Cg7H, CssHy,
CooHy, CiooHz, Cio1Ha, Ci02Hy, Cio3Hz, CiosH2), 0.89-1.06 (2H, m, CooHy),
0.82 (3H, t,J = 7.0 Hz, CypsH;) ppm.
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BCNMR (100 MHz, CDCl3): 8¢ 159.8 (q, Cu(Ar)), 157.2 (q, Cos(Ar)), 145.3 (q,
Cs(Ar)), 140.0 (g, Co3(Ar)), 132.5 (t, C3(Ar), C+(Ar)), 131.3 (q, Cs(Ar)),
128.3 (t, C4(Ar), Cg¢(Ar)), 127.6 (t, Co(Ar),Ci3(Ar)), 127.1 (t, Cos (Ar),
Cos(Ar)), 119.1 (g, C1(CN)), 115.1 (t, Cio(Ar), Cia(Ar)), 114.3 (t, Cos(Ar),
Co7(Ar)), 110.1 (q, C2(Ar)), 68.1 (s, C14(OCH,)), 67.9 (s, C20(0CHa)), 43.7
(t, Coo(CH)), 37.5 (s, Cy9(CHy)), 374 (t, Cg7(CH)), 34.6 (s, Cgg(CH,),
Co1(CHy)), 33.7 (s, Cgs(CHaz), Co2(CHz)), 31.9 (s, Ci5.19/Cro0-105 (CHy)), 30.0
(s, Ci5-19/Cro0-105(CH2)), 29.4 (s, Cis.19/Ci00-105(CHz2)), 29.3 (s, Cis.19/Ciogo-
105(CH2)), 29.1 (s, C15.19/Cr00-105(CH2)), 27.0 (s, Ci5.19/Cr0-105(CHz)), 26.0 (s,
C15.19/Cr00-105(CH2)), 22.7 (s, C15.19/Cr00-105(CH2)), 14.1 (s, C10s(CH3)) ppm.

IR (Solid) vamex: 2915(m) (C-Hs), 2846(m), 2229(m) (C=N), 1604(m) (Ar),
1577(w) (Ar), 1510(s) (Ar), 1469(s) cm’.

EIMS: m/z 279 ([C20Hp30]", 8%), 207 ([C1sHoNO]", 4%), 167 ([C13Hs], 29%), 149
([C1oH1301", 100%), 83 ([CsH 11", 9%), 70 ([CsHsO]", 38%), 57 ([CsHs0]",
31%), 41 ([C3Hs]", 22%)

1-(4’-Cyanobiphenyl-4-oxy)-8-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)octane

05

62
s C40Hs3NO;
L ” o . 579.83
20 O 5

Rf 0.80; 100% DCM [1 spot by TLC]

"HNMR (400 MHz, CDCls): 8y 7.61 (2H, d, J = 8.6 Hz, C4,H, CgH), 7.55 (2H, d, ] =
8.6 Hz, C3H, C;H), 7.44 (2H, d, ] = 8.8 Hz, C;H, C;3H), 7.03 (2H, d, ] = 8.6
Hz, CosH, CosH), 6.91 (2H, d, J = 8.8 Hz, CosH, CorH), 6.74 (2H, d, J = 8.6
Hz, CoH, CpoH), 3.93 (2H, t, 6.5 Hz, 0-C1,Hy), 3.85 (2H, t, 6.5 Hz, O-
CHy), 2.32 (1H, tt, J = 12.1 Hz, 2.9 Hz, CooH), 1.63-1.85 (8H, m, CysH,,
CaoHy, CsoHa, CorHa), 1.07-1.49 (23H, m, CigHa, Ci7H,, CisH,, CioH,, Cg7H,
CssHa, CoaHa, CiooHa, CroiHa, CiooHa, CrosHa, CrosHy), 0.87-1.04 (2H, m,
CooHy), 0.81 (3H, t, J = 7.0 Hz, Cy0sHy) ppm.
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BCNMR (100 MHz, CDCl3): 8¢ 159.8 (q, Cu(Ar), 157.2 (q, Ceg(Ar)), 145.3 (q,
Cs(Ar)), 140.0 (q, Co3(Ar)), 132.5 (t, C3(Ar), C+(Ar)), 131.3 (q, Cs(Ar)),
1283 (t, C4(Ar), Ce(Ar)), 127.6 (t, Co(Ar),Ci3(Ar)), 127.1 (t, Cog (Ar).
Cos(AD)), 119.1 (g, C1(CN)), 115.1 (t, Cie(Ar). Cia(Ar)), 114.3 (t, Cos(Ar),
Co7(A1)), 110.1 (g, C2(Ar)), 68.1 (s, C14(OCHa)), 67.9 (s, C2;(OCH,)), 43.7
(t, Cop(CH)), 37.5 (s, Coo(CH,)), 37.4 (t, Cgy(CH)), 34.6 (s, Cso(CH,),
Cy1(CHy)), 33.7 (s, Css(CH,), Coa(CHy)), 31.9 (s, Ci5.20/Crop-105 (CH2)), 30.0
(s, Cis20/Cro0-105(CH2)), 29.4 (s, Ci520/Cr00-105(CH2)), 29.3 (s, Ci5-20/Cio0-
10s(CH2)), 29.3 (8, Ci15.20/C100-105(CH2)), 29.2 (s, C15.20/C100-105(CH2)), 27.0 (s,
Ci520/C100-105(CH2)), 26.0 (s, Ci5.20/Cro0-10s5(CH2)), 22.7 (s, Cis.20/Cioo-
10s(CH2)), 14.1 (s, C105(CH3)) ppm.

IR (Solid) vma: 2913(s) (C-H,), 2846(s), 2227(m) (C=N), 1604(m) (Ar),
1578(w) (Ar), 1511(s) (Ar), 1468(s) cm’.

EIMS:  m/z 279 ([CooH20]", 10%), 208 ([C14H1oNOJ, 1%), 193 ([C13H,NOT", 1%),
167 ([Ci3Hol", 32%), 149 ([CioH;301", 100%), 83 ([CsHil", 9%), 70
([C4sHsO1™, 35%), 57 ([C3Hs0]", 30%), 41 ([C3Hs]™, 21%)

1-(4’-Cyanobiphenyl-4-oxy)-9-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)nonane

2 O 1% 17 9 21 O 63
N 4 1

C41Hs55NO,
593.90

Rf 0.81; 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCly): 8y 7.61 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.5 Hz, C;H, C;H), 7.45 (2H, d, J = 9.0 Hz, CoH, C;sH), 7.03 (2H, d, J = 8.4
Hz, CosH, CogH), 6.92 (2H, d, J = 9.0 Hz, CysH, Co;H), 6.74 (2H, d, ] = 8.8
Hz, C,¢H, CoH), 3.93 (2H, t, 6.6 Hz, O-C4Hy), 3.85 (2H, t, 6.5 Hz, O-
CpH,), 2.32 (1H, tt, J = 12.1 Hz, 3.0 Hz, CooH), 1.62-1.85 (8H, m, C;sHa,
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Cy1H,, CgoH,, CoiHy), 1.06-1.52 (25H, m, CisH;, Ci7Hz, CisH,, Ci9Ha,
CaoHa, Cg7H, CssHy, CorHy, CrooHz, Cro1Ha2y Cio2Hz, Cro3Ha, CiosaH2),  0.86-
1.05 (2H, m, CgoH,), 0.82 (3H, t, J = 7.1 Hz, CosH2) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 160.2 (q, Cii(Ar)), 157.6 (q, Cos(Ar)), 145.7 (q,
Cs(Ar)), 140.4 (g, Coes(Ar)), 133.0 (t, Cs3(Ar), Cs(Ar)), 131.7 (q, Cs(Ar)),
128.7 (t, C4(Ar), Cg(Ar)), 128.0 (t, Co(Ar),Ci3(Ar)), 127.5 (t, Cos (Ar),
Cos(Ar)), 119.5 (q, C1(CN)), 115.5 (t, Cip(Ar). Cia(Ar)), 114.7 (t, Cos(Ar),
Co7(Ar)), 110.5 (g, C2(Ar)), 68.6 (s, C14(OCHy)), 68.3 (s, C22(OCHy)), 44.2
(t, Cog(CH)), 37.9 (s, Co9(CH,)), 37.8 (t, Cs7(CH)), 35.0 (s, Cgo(CHo),
Co1(CHy)), 34.1 (s, Cgs(CHaz), Co2(CH>)), 32.3 (8, Ci5-21/Cio0-105 (CH>)), 30.4
(s, C15-21/Cr00-105(CH2)), 29.9 (s, Cis5.21/Cio0-10s(CH2)), 29.8 (s, Cis.21/Croo-
105(CH>)), 29.8 (s, C15.21/C100-105(CH2)), 29.7 (s, Ci5:21/Ci00-10s(CHz)), 29.6 (s,
C1521/Cro0-105(CHyo)), 27.4 (s, Cis-21/Cro0-105(CHz)), 26.5 (s, Ci5.21/Cipo-
105(CH32)), 26.4 (s, C15.21/C100-105(CHz2)), 23.1 (s, Ci5:21/C1r00-105(CHz)), 14.5 (s,
C10s(CHs3)) ppm.

IR (Solid) vmax: 2914(s) (C-Hy), 2846(s), 2229(m) (C=N), 1604(m) (Ar),
1578(w) (Ar), 1511(s) (Ar), 1468(s) cm™.

EIMS:  m/z 279 ([CooH201", 10%), 207 ([C1sHoNO]", 6%), 167 ([C13Hg]", 32%), 149
([C1oH 1507, 100%), 83 ([CeHul", 9%), 70 ([C4HsO]", 35%), 57 ([C3Hs0T',
28%), 41 ([C3Hs]", 20%)

1-(4’-Cyanobiphenyl-4-oxy)-10-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)decane

64
C4Hs7NO,
607.93

Rf 0.82; 100% DCM [1 spot by TLC]

"THNMR (400 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C,;H, CsH), 7.56 (2H, d, ] =
8.6 Hz, C;H, C;H), 7.45 (2H, d, ] = 8.8 Hz, CsH, C;sH), 7.03 (2H, d, ] = 8.6
Hz, CosH, CosH), 6.92 (2H, d, J = 9.0 Hz, CosH, Co7H), 6.74 (2H, d, ] = 8.6



Hz, CioH, C,H), 3.93 (2H, t, 6.6 Hz, O-C\;H,), 3.85 (2H, t, 6.6 Hz, O-
Cy3Ha), 2.32 (1H, tt, J = 12.3 Hz, 3.1 Hz, CoH), 1.63-1.85 (8H, m, C;sH,,
CooH,, CgoHy, CoHy), 1.07-1.45 27H, m, CigHy Cj7H,, CigHy, CioHy,
CooHz, CyHs, Cg7H, CgsHy, CorHy, CiooHz, CioiHa, Cro2Ha, Cio3Ha, CrosHa),
0.89-1.07 (2H, m, CyoHy), 0.82 (3H, t, ] = 7.0 Hz, C0sHy) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 159.8 (q, Cii(Ar), 157.2 (q, Cos(Ar)), 145.3 (q,
Cs(Ar)), 140.0 (q, Cos(Ar)), 132.6 (t, C3(Ar), C+(Ar)), 131.3 (q, Cs(Ar)),
128.3 (t, Ca(Ar), Co(Ar)), 127.7 (1, Co(Ar),Ci13(Ar)), 127.0 (t, Cos (A1),
Cog(Ar)), 119.1 (g, C1(CN)), 115.1 (t, C1o(Ar), Cr2(Ar)), 114.3 (1, Cos(Ar),
Co7(Ar)), 110.1 (g, C2(Ar)), 68.2 (s, C14(OCH,)), 68.0 (s, Ca3(OCH,)), 43.7
(t, Coo(CH)), 37.5 (s, Coo(CHa)), 37.4 (t, Cg;(CH)), 34.6 (s, Cgo(CHy),
Co1(CHy)), 33.7 (s, Css(CH,), Co2(CH>)), 31.9 (s, Ci5.22/Cig0-105 (CHy)), 30.0
(s, Ci522/Cr00-105(CH2)), 29.5 (s, Ci5.22/Cro0-105(CH2)), 29.4 (s, Ci5.22/Cio0-
105(CH2)), 29.2 (s, C1522/Cip0-105(CHz2)), 27.0 (s, C1522/Ci00-105(CH2)), 26.1 (s,
Ci5.22/Ci00-105(CHz2)), 22.7 (s, Ci5-22/Cro0-105(CH2)), 14.1 (s, C1p5(CH3)) ppm.

IR (Solid) vmax: 2914(s) (C-Hy), 2845(s), 2226(m) (C=N), 1600(m) (Ar), ,
1511(s) (Ar), 1465(s) cm™.

EIMS:  m/z 607 (IM]", 22%), 466 ([C34H43NOT", 6%), 333 ([Ca3H30], 11%), 274
([C1oH3007", 14%), 195 ([C;3HNO]", 100%), 133 ([CoH,00]", 68%), 55
([CsH7]", 24%), 41 (JC3Hs]", 11%).

1-(4’-Cyanobiphenyl-4-oxy)-11-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)undecane

12z O 1% 17 19 21 23 O @ 65

Cy3HsoNO,
621.96

Rf 0.84; 100% DCM [1 spot by TLC]
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"H NMR

3C NMR

IR

EIMS:

(400 MHz, CDCls): 6y 7.61 (2H, d, J = 8.6 Hz, C,H, C¢H), 7.56 (2H, d, J =
8.6 Hz, CsH, C;H), 7.45 (2H, d, J = 8.8 Hz, C4H, C;3H), 7.03 (2H, d, J = 8.6
Hz, CysH, CogH), 6.92 (2H, d, J = 8.8 Hz, CosH, Cy7H), 6.74 (2H, d, J = 8.8
Hz, CioH, CpH), 3.93 (2H, t, 6.6 Hz, O-C4H;), 3.85 (2H, t, 6.5 Hz, O-
CxHy), 2.32 (1H, tt, ] = 12.0 Hz, 2.6 Hz, CyoH), 1.60-1.84 (8H, m, C;sH,,
CyH,, CgoH,, CoHy), 1.06-1.44 (29H, m, CcH,, Cj7H,, CisHa, CioHa,
CaoHz, CoiHy, CpoHy, CgrH, CgsHa, CorHa,y CiooHz, Cro1Hzs CrooHa, CiozHo,
CrosHy). 0.87-1.05 (2H, m, CooHa), 0.82 (3H, t, J = 6.4 Hz, C105Hy) ppm.
(100 MHz, CDCls): 8¢ 159.7 (q, Cn(An), 157.1 (g, Cog(Ar)), 1452 (q,
Cs(Ar)), 1399 (q, Cos(Ar)), 132.5 (t, C3(Ar), C+(Ar)), 131.2 (q, Cs(Ar)),
128.3 (t, C4(Ar), Cg(Ar)), 127.6 (t, Co(Ar),Ci3(Ar)), 127.1 (t, Cos (Ar),
Cog(Ar)), 119.0 (g, C;(CN)), 115.1 (t, Cio(Ar), Ci2(Ar)), 114.3 (t, Cos(Ar),
Co7(Ar)), 110.0 (g, Ca(Ar)), 68.2 (s, C14(OCHy)), 68.0 (s, C24(OCHy)), 43.7
(t, Coo(CH)), 37.4 (s, Coo(CHz)), 37.4 (t, Cs2(CH)), 34.6 (s, Cso(CHy),
Co1(CHy)), 33.7 (s, Cgs(CH>), Co2(CH>)), 31.9 (s, Ci5-23/Cio0-10s (CHz)), 30.0
(s, Ci523/Cro0-105(CH2)), 29.5 (s, Ci5.23/Cr00-105(CHz)), 29.4 (s, Ci5:23/Cioo-
105(CH2)), 29.4 (s, C15.23/Ci00-10s(CHz)), 29.3 (s, Ci5.23/Cio0-105(CH2)), 29.2 (s,
C15-23/Cro0-10s(CH2)), 27.0 (s, Ci523/Cio0-105(CHz)), 26.1 (s, Ci523/Cioo-
10s(CH2)), 26.0 (s, C15.23/Ci00-105(CHz)), 22.6 (5, Ci5.23/Cio0-10s(CHz)), 14.1 (s,
Ci05(CH3)) ppm.

(Solid) vam: 2915(s) (C-Hy), 2847(s), 2230(m) (C=N), 1604(m) (Ar),
1510(s) (Ar), 1471(s) cm’.

m/z 279 ([CagHosOT', 10%), 207 ([C1aHNOT", 5%), 167 ([CisHo]", 31%), 149
([C1oH1307", 100%), 83 ([CeHil", 9%), 70 (|CsHeO1", 33%), 57 ([C3Hs5O]",
28%), 41 ([C;Hs]", 19%)

1-(4’-Cyanobiphenyl-4-o0xy)-12-(4’-heptyl-1’-cyclohexylphenyl-4-oxy)dodecane
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66
C4HaNO,
635.98

Rf 0.85; 100% DCM [1 spot by TLC]

"HNMR (400 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.6 Hz, C,H, C¢H), 7.55 (2H, d, ] =
8.6 Hz, C3H, C;H), 7.44 (2H, d, J = 9.0 Hz, CoH, C;3H), 7.03 2H, d, J = 8.4
Hz, CosH, CosH), 6.91 (2H, d, J = 8.8 Hz, CosH, CoH), 6.74 (2H, d, J = 8.8
Hz, CioH, C;xH), 3.93 (2H, t, 6.6 Hz, O-C4,H,), 3.84 (2H, t, 6.5 Hz, O-
CasHy), 2.32 (1H, tt, J = 12.1 Hz, 2.7 Hz, CoH), 1.56-1.85 (8H, m, C;sHa,
CauH,, CgoHy, CoiHy), 1.05-1.47 (31H, m, CiHy, C7H;, CigHy, CioHa,
CaoHa, Cy1H,, CooHa, CazHa, Cg7H, CggHy, CoHay CigoHz, Cio1Ha, CioHa,
Cio3Hz, Cro4Hz), 0.86-1.06 (2H, m, Co9Hy), 0.81 (3H, t, J = 6.6 Hz, C osHy)
ppm.

BCNMR (100 MHz, CDCl): 8¢ 159.8 (g, Cii(Ar)), 157.3 (q, Cos(Ar)), 1453 (q,
Cs(Ar)), 140.0 (q, Cos(Ar)), 132.5 (t, C3(Ar), C5(Ar)), 131.3 (q, Cs(Ar)),
1283 (t, C4(Ar), C4(Ar)), 127.6 (t, Cy(Ar),Ci3(Ar)), 127.1 (t, Cos (Ar).
Cos(Ar)), 119.1 (g, C1(CN)), 115.1 (t, Cyo(Ar), Cia(Ar)), 114.3 (t, Cos(Ar),
Co7(Ar)), 110.1 (q, C2(Ar)), 68.2 (s, C14(OCHy)), 68.0 (s, C25(OCH,)), 43.7
(t, Cop(CH)), 37.5 (s, Coo(CHy)), 37.4 (t, Cgz(CH)), 34.6 (s, Cso(CH,),
Co1(CH,)), 33.7 (s, Css(CHa), Co2(CH,)), 31.9 (s, Ci524/Cio0-105 (CH»)), 30.0
(s, C15-24/C100-105(CHz)), 29.5 (s, Cis-24/Crp0-105(CH2)), 29.4 (s, Ci5.24/Cio0-
105(CH>)), 29.4 (s, C15-24/C100-105(CH2)), 29.2 (s, Cy5.24/Cro0-105(CHa)), 27.0 (s,
Ci524/Ci100-10s(CH2)), 26.1 (s, Ci524/Cip0-105(CH2)), 26.0 (s, Ci5:24/Cioo-
10s(CH2)), 22.7 (s, Cy5:24/Cr00-10s(CH2)), 14.1 (s, C105(CH3)) ppm.

IR (Solid) vma: 2912(s) (C-Hy), 2846(s), 2228(m) (C=N), 1600(m) (Ar),
1511(s) (Ar), 1500(s) (Ar), 1465(s) cm™.

EIMS:  m/z 635 ([M]", 28%), 494 (JC3sH47NOT", 6%), 361 ([C25H420]", 11%), 274
([C1sH300]", 18%), 195 ([C13HoNO]', 100%), 133 ([CoH,00]", 62%), 55
([C4H71", 24%), 41 ([C3Hs]", 11%).
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7.4. Chapter S experimental

7.4.1. Cat(OnOCB),; 1,2-bis-[a-(4’-cyanobiphen-4-yloxy)alkyl-m-

oxy|benzene
n Temperature /°C Mass Yield
Cr N I mg %
4 ° 174 ° (140) ° 736 46%
5 ° 139 ° (94) ° 1436 468%
6 ® 120 . 126 ° 650 34%
7 ® 80 ° 89 ° 120 24%
8 ® 126 ° (115) ° 1270 68%
9 ° 75 ° 87 ° 700 45%
10 ° 113 ° (110) e 1140 92%
11 e 89 e 91 ® 1400 60%
12 . 113 o (102) . 1430 63%

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)butyl-4-oxy]benzene

67
C40H36N204
608.74

27

Procedure:

To a stirred solution of catechol, (0.253 g, 2.28 mMol, 1 eq) in dry, nitrogen purged (30
min) DMF (40 mL) was added solid potassium carbonate (3.77 g, 27.3 mMol, 10 eq) in
one portion. The mixture was warmed to 80°C for 10 min, turning blue and then pale
brown before being allowed to cool prior to the addition of 1-(cyanobiphenyloxy)-butyl-
4-bromide (2.00 g, 4.55 mMol, 2 eq) in one portion and a catalytic quantity of sodium
iodide (80 mg). The reaction mixture was then heated to 80°C for 4 days under an N,
atmosphere. The reaction mixture was allowed to cool and water (40 mL) was added
causing a brown/white precipitate to form. The precipitate was filtered through celite and
washed with copious amounts of water. The residue, which was only partly soluble in
DCM, was extracted from the celite by soxhlet and refluxing DCM. The organic extracts
were dried over anhydrous MgSOy and filtered. The organic solvents were removed in

vacuo to give a crude yellow solid. The crude material was purified by column

407



chromatography (silica gel, 40 mm x 100 mm, DCM) affording the title compound 67,

(736 mg, 1.23 mMol, 46.2%) as crystalline white solid.

NB: subsequent homologues were synthesised via an identical route however they were

found to be soluble in DCM and consequently the soxhlet extraction step was

unnecessary and so omitted.

Rf 0.34; 100% DCM [1 spot by TLC]

'"HNMR (300 MHz, CDCls): 8y 7.69 (4H, d, J = 8.4 Hz, C,H, C¢H), 7.62 (4H,d, J =
8.6 Hz, CsH, C/H), 7.51 (4H, d, 8.8 Hz, CoH, Ci3H), 6.98 (4H, d, ] = 8.8 Hz,
CioH, C2H), 6.93 (4H, s, Co7H, CysH), 4.06-4.14 (8H, m, 6.4 Hz, O-C4H,,
C17H,-0), 2.00-2.08 (8H, m, C;sH,, CisHa,) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 159.8 (q, Cri(Arcp)), 149.1 (q, Cag(Arca)), 145.3 (q,
Cs(Arcp)), 132.7 (t, C3(Arce), CH(Arcg)), 131.5 (q, Cs(Arcp)), 128.5 (t,
Co(Arcp), Ciz(Arcp)), 127.2 (t, Cs(Arcp), Co(Arcn)), 121.4 (t, Cos(Arcar),
119.2 (q, Ci(CN)), 115.2 (t, Cio(Arcp), Cia(Arcp)), 114.1 (&, Co7 (Arca))s
110.2 (g, Ca(Arcg)), 68.8 (s, Cy7 (Cat-O-CH,)), 67.8 (s, Ci4 (CB-O-CHy)),
26.2 (s, Cis,16(CH2)), 26.1 (s, Cis, 16(CHy)) ppm.

IR (Solid) Vinax: 2998(s) (C-H,), 2248(m) (C=N), 1592(m) (Ar) cm’™.

ESMS:  m/z 331 ((M+Na]’, 26%), 347 (IM+K]", 9%)

Elemental Analysis: C4sH3¢N2O4: (Expected) C 78.92, H 5.96, N 4.60; (Found) C 78.89,
H 5.95, N 4.60

1,2-bis-[1-(4’Cyanobiphen-4-yloxy)pentyl-5-oxy]benzene

68
28 X IN 16 C42H40N204
07N\ 636.80
7 O s N 14
Rf 0.39; 100% DCM [1 spot by TLC]

THNMR (400 MHz, CDCl3): 8y 7.59 (4H, d, J = 8.0 Hz, C4H, CcH), 7.53 (4H, d, J =
8.5 Hz, C3H, C;H), 7.42 (4H, d, 8.7 Hz, CoH, C,3H), 6.89 (4H, d, J = 8.8 Hz,
CioH, C1oH), 6.82 (4H, s, CsH, CasH), 3.97 (4H, t, 6.4 Hz, O-C1,Hy), 3.94

408



(4H, t, 6.4 Hz, CigH,-0), 1.77-1.88 (8H, m, C;sH,, C17H,), 1.57-1.67 (4H, m,
Ci¢Hz) ppm.

BCNMR (100 MHz, CDCls): 8¢ 162.3 (q, Cri(Arcg)), 151.7 (q, Cag(Arca)), 147.8 (q,
Cs(Arcg)), 1352 (t, Cs(Arcp), CAArcs)), 133.9 (q, Cs(Arcs), 130.9 (1,
Co(Arcp), Ci3(Arce)), 129.6 (t, Cy(Arce), Ce(Arcn)), 123.8 (t, Cag(Arcar)),
121.7 (q, C{(CN)), 117.7 (t, Cio(Arce), Cia(Arce)), 116.8 (1, Ca7 (Arca))s
112.7 (q, Ca(Arcp)), 71.6 (s, Cis(Cat-O-CHy)), 70.6 (s, C;45(CB-O-CHo)),
31.7 (s, Ci5.17(CHy)), 31.6 (s, Ci5.17(CH2)), 26.4 (s, Cy5.17(CHy)) ppm.

IR (Solid) Vmax: 2997(s) (C-Hy), 2250(s) (C=N), 1593(m) (Ar) cm’.

EIMS:  m/z636.4 (IM]", 45%), 442.3 ([C20H3,NO3]", 5%), 373.2 ([Co4HpNO5]™,
5%), 264.2 ([C1sH1oNOs]", 99%), 195.1 ([C13HNOT", 73%), 69.1 (JCsHo]
100%) 41 (JC;Hs]", 35%)

Elemental Analysis: C46HsoN2O4: (Expected) C 79.22, H 6.33, N 4.40; (Found) C 78.99,
H 6.29, N 4.36

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)hexyl-6-oxy]|benzene
27 6 4 1//N
s o O 18 16 12 = 52 69
= LT TN ~ 1 Y C44HyuN,O4
7o © 9 N 664.85

Rf 0.41; 100% DCM [1 spot by TLC]

THNMR (400 MHz, CDCl3): 8y 7.60 (4H, d, J = 8.0 Hz, C4H, C¢H), 7.54 (4H,d, ] =
8.5 Hz, C;H, C;H), 7.42 (4H, d, 8.8 Hz, CoH, C;3H), 6.89 (4H, d, J = 9.0 Hz,
CioH, C2H), 6.83 (4H, s, Co7H, CasH), 3.94 (4H, t, 6.5 Hz, O-C4H3), 3.93
(4H, t, 6.5 Hz, C9H»-0), 1.72-1.84 (8H, m, C;sH,, Ci3H3), 1.43-1.57 (8H, m,
CisHa, Ci7Hz) ppm.

BCNMR (100 MHz, CDCl3): 8¢ 160.2 (q, Cii(Arcr)), 149.6 (q, Cag(Arca)), 145.6 (q,
Cs(Arcp)), 133.0 (t, C3(Arc), C(Arcp)), 131.7 (q, Cs(Arcn)), 128.7 (,
Co(Arcp), Ci3(Arcp)), 127.5 (t, Cy(Arce), Co(Arcr)), 121.6 (t, Cag(Arcar)),
119.5 (q, Ci(CN)), 115.5 (t, Cio(Arcr), Cia(Arcr)), 114.6 (t, Ca7 (Arcar)),
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110.5 (q, Cy(Arcp)), 69.5 (s, C19(Cat-O-CHy)), 68.4 (s, C14(CB-0O-CHy)),
29.7 (s, Cis5.18(CH>)), 29.6 (s, Ci5.18(CH>)), 26.3 (s, Cis.18(CHy)), 26.3 (s, Cis.
18(CH>)) ppm.

IR (Solid) Vimax: 2997(s) (C-Hy), 2250(s) (C=N), 1593(m) (Ar) cm™.

ESMS:  m/z 687 (IM+Na]’, 100%), 703 ([M+K]", 100%).

Elemental Analysis: C44,Hy4N,O4: (Expected) C 79.49, H 6.67, N 4.21; (Found) C 79.42,
H 6.63,N4.17

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)heptyl-7-oxy]benzene

2 70
2 o v CysHysN2Oy
N RN 692.91
27 ? O 2 18 (
Rf 0.44; 100% DCM [1 spot by TLC]

'"HNMR (400 MHz, CDCly): 8y 7.59 (4H, d, J = 8.5 Hz, C4H, C¢H), 7.52 (4H, d, J =
8.8 Hz, CsH, C;H), 7.42 (4H, d, 8.8 Hz, CoH, C;3H), 6.89 (4H, d, J = 9.0 Hz,
CioH, CpH), 6.81 (4H, s, Co7H, CysH), 3.93 (4H, t, 6.5 Hz, O-C4H>), 3.89
(4H, t, 6.5 Hz, C,0H»-0), 1.69-1.80 (8H, m, C;5H,, Ci9Hy), 1.32-1.50 (12H,
m, Ci¢H,, Ci7Hz, CisHy) ppm.

BCNMR (100 MHz, CDCls): 8¢ 158.8 (q, Cii(Arcp)), 148.2 (g, Cas(Arca)), 144.2 (q,
Cs(Arcp)), 131.5 (t, Cs(Arce), C#(Arcg)), 130.2 (q, Cs(Arcp)), 127.3 (t,
Co(Arcp), Cis(Arcn)), 126.0 (t, Ca(Arce), Co(Arcr)), 120.1 (1, Cas(Arca)),
118.1 (g, C{(CN)), 114.1 (t, Cio(Arcs), Cia(Arcg)), 113.2 (t, Ca7 (Arcar),
109.1 (q, Cx(Arcg)), 68.2 (s, Cy(Cat-O-CHy)), 67.1 (s, C14(CB-O-CH,)),
28.3 (s, Ci5.19(CHy)), 28.2 (s, Ci5.19(CHy)), 24.9 (s, Cys5.19(CHa)) ppm.

IR (Solid) Vimax: 2983(s) (C-Hy), 2222(s) (C=N), 1602(m) (Ar), 1543(m) (Ar)
cm™.

ESMS:  m/z 743 ([IM+NH.]", 4%), 715.4 ((M+Na]", 100%), 1408.3 ([2M+Na]” 9%).

Elemental Analysis: C4cH4sN2O4: (Expected) C 79.74, H 6.98, N 4.04; (Found) C 80.01,
H 7.04, N 7.07
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1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)octyl-8-oxy]benzene 14

7
. N
260 =N 8 = 3 i 71
1 12
N R e N C4sHs;N,04
17
(0] 2 15 o}l s 7 ;N 720.96

28

28

Rf

27

27

'"H NMR

BC NMR

IR

ESMS:
Elemental Analysis: C4sHs,N>O,: (Expected) C 79.97, H 7.27, N 3.88; (Found) C 79.79,

0.45; 100% DCM [1 spot by TLC] '

(300 MHz, CDCl;3): 8y 7.59 (4H, d, J = 8.6 Hz, C4H, CcH), 7.52 (4H, d, ] =
8.8 Hz, C;H, C;H), 7.43 (4H, d, 8.8 Hz, CyH, C3H), 6.89 (4H, d, J = 8.8 Hz,
CioH, C;H), 6.81 (4H, s, C7H, CysH), 3.92 (4H, t, 6.5 Hz, O-C4Hy), 3.91
(4H, t, 6.5 Hz, C1H,-0), 1.66-1.72 (8H, m, C;sH,, CyoH,), 1.33-1.43 (16H,
m, CigH, Cy7H; CsH; Ci9Hy) ppm.

(100 MHz, CDCls): 8¢ 158.8 (q, Cii(Arcg)), 148.2 (q, Cas(Arcar)), 144.2 (q,
Cs(Arcg)), 131.5 (t, C3(Arcg), C7(Arcp)), 130.2 (q, Cs(Arcp)), 127.3 (4,
Co(Arcp), Ci3(Arcg)), 126.0 (t, Cs(Arcp), Ce(Arcn)), 120.0 (t, Cas(Arca)),
118.1 (q, Ci«(CN)), 114.1 (t. Cro(Arcp), Cra(Arcp)), 113.2 (t, Cy7 (Arca),
109.0 (q, Ca(Arcg)), 68.2 (s, Ca(Cat-O-CHy)), 67.1 (s, C14(CB-0-CH,)),
28.3 (s, C1520(CH>)), 28.2 (s, Cis:20(CH2)), 25.0 (8, Cy5.20(CH2)) ppm.

(Solid) viax: 2982(s) (C-Hy), 2222(s) (C=N), 1601(m) (Ar), 1542(m) (Ar)
cm™.

m/z 743 ((M+Na]", 100%)

H722,N3.79

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)nonyl-9-oxy]benzene

28

28

Rf

27

27

7

N
N e 72
’ NS e N CsoHs6N20,4
o = T Nonesh s 749.01

0 &
2t 18 13
12
S 16 ,
N B
17 8 3
15 o7
9

0.45; 100% DCM [1 spot by TLC]
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'HNMR (300 MHz, CDCl3): 8 7.70 (4H, d, ] = 8.6 Hz, C,;H, C¢H), 7.63 (4H, d, ] =
8.6 Hz, C;H, C;H), 7.53 (4H, d, 8.6 Hz, CoH, Ci3H), 6.89 (4H, d, ] = 8.8 Hz,
CioH, C1oH), 6.91 (4H, s, Co7H, CasH), 4.01 (8H, t, 6.5 Hz, O-C 4H,, CooH;-
0), 1.75-1.89 (8H, m, C;sH,, C21H,), 1.43-1.57 (8H, m, Ci¢Hy, C7H,, CigH,,
CioHa, CyoHz) ppm.

BCNMR (75 MHz, CDCL): 8¢ 159.9 (q, Ci1(Arcg)), 149.3 (q, Cag(Arcar)), 145.4 (q,
Cs(Arcp)), 132.7 (t, Cs(Arcs), Co(Arce)), 131.4 (q, Cs(Arcp)), 1284 (t,
Co(Arcp), Cis(Arcp)), 127.2 (t, Cy(Arce), Cs(Arcp)), 121.2 (t, Cas(Arca),
119.3 (q, Ci(CN)), 115.2 (t, Cio(Arcp), Cra(Arcp)), 114.1 (1, Ca7 (Arca)),
1102 (q, Ca(Arcp)), 69.3 (s, Cy(Cat-O-CHy)), 68.3 (s, C14(CB-O-CHy)),
29.7 (s, C1521(CHa)), 29.9 (s, Ci5.21(CHy)), 29.4 (s, C15.21(CH2)), 26.2 (s, Cis.
21(CH2)) ppm.

IR (Solid) Vmax: 2921(s) (C-Hy), 2855(s) (C-Hy), 2250(s) (C=N), 1602(m) (Ar),
1493(m) (Ar) cm™.

EIMS:  m/z 748.3 (IM]", 100%), 429.2 ([C2sH3,NOs]", 17%), 319.1 ([C24Hs3NO5]",
5%), 195.1 ([C13HoNO]', 94%), 110 (|CsHeO2]", 50%), 69.1 ([CsHo]", 42%)

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)decyl-10-oxy]benzene

28 =4 . o) 5 . I ?N 73
28 23 N =N 18 12 N 2 C52H60N204
7 o ) ® . N s N 777.07
" 5 o7 . )
” 7 15 2 & 5 ;N
7 15 O
Rf 0.51; 100% DCM [1 spot by TLC]

"HNMR (400 MHz, CDCly): 8y 7.61 (4H, d, J = 8.8 Hz, C,H, CgH), 7.55 (4H, d, ] =
8.8 Hz, C;H, C;H), 7.44 (4H, d, 8.6 Hz, CoH, Ci3H), 6.91 (4H, d, ] = 9.0 Hz,
CioH, Cp-H), 6.81 (4H, s, CosH, CasH), 3.92 (4H, t, 6.5 Hz, O-C14H3), 3.91
(4H, t, 6.8 Hz, C23H,-0), 1.68-1.78 (8H, m, CisH,, CyoHy), 1.21-1.52 (24H,
m, CisH, Ci7Hz, CisHa, CioHj, CyoH,, Co1Hz) ppm.

BCNMR (100 MHz, CDCl5): 8¢ 160.2 (q, Cii(Atcp)), 149.7 (q, Cas(Arcar), 145.9 (q,
Cs(Arcg)), 133.0 (t, Cs(Arcs), Co(Arcs)), 131.7 (q, Cs(Arcn)), 128.7 (t,
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Co(Arcp), Cis(Arcp)), 127.5 (t, Ca(Arcp), Co(Arcr)), 121.5 (t, Cas(Arcar)),
119.5 (q, Ci(CN)), 115.5 (t, Cio(Arcr), Cia(Arcr)), 114.6 (t, Cy7 (Arca)),
110.5 (q, Cy(Arcp)), 69.7 (s, C3(Cat-O-CH,)), 68.6 (s, Cis(CB-O-CHy)),
29.9 (s, C15.22(CH,)), 29.9 (s, C15.22(CHy)), 29.8 (s, C1522(CHz)), 29.8 (s, Cys.
22(CHy)), 29.6 (s, Ci5.22(CHa)), 26.5 (s, Ci5.22(CHa)) ppm.
IR (Solid) viax: 2926(s) (C-Hy), 2855(s) (C-Hy), 2245(s) (C=N), 2226(s) (C=N),
1602(m) (Ar), 1497(m) (Ar) cm™.
EIMS:  m/z 7763 (IM]", 9%), 528.1 ([impurity]”, 31%), 333 ([C2H302]", 8%),
195.1 ([C13HoNO]", 100%), 69.1 ([CsHo]", 100%), 110 ([C¢HeO2]", 11%), 55
([CaHs]", 20%)
Elemental Analysis: Cs;HgoN>O4: (Expected) C 80.38, H 7.78, N 3.60; (Found) C 80.16,
H7.72,N3.58

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)undecyl-11-oxy]benzene

2 24

28 [e) 2 5 3 ?N 74
26 by 2 13 2
2 3 s 21 S 16 1 ” £ 5 C54H64N2 04
7 0O N " ° 17 X 0 4 805.12
g 7

20

Rf 0.51: 100% DCM [1 spot by TLC]

HNMR (300 MHz, CDCly): 81 7.70 (4H, d, J = 8.7 Hz, C4H, C¢H), 7.65 (4H, d, J =
8.7 Hz, CsH, C;H), 7.53 (4H, d, 8.8 Hz, CyH, C,3H), 6.99 (4H, d, ] = 8.7 Hz,
CioH, CoH), 6.90 (4H, s, C7H, CygH), 4.01 (4H, t, 6.5 Hz, O-C4;H3), 4.00
(4H, t, 6.8 Hz, C24H2-0), 1.76-1.88 (8H, m, CisH,, Cy3H;), 1.38-1.53 (28H,
m, Ci¢Hy, C17H,, CsHa, CioHa, CooHz, Co1Ha, C2oHp) ppm.

BCNMR (75 MHz, CDCL): 8¢ 159.9 (q, Cri(Arcs), 149.3 (q, Ca(Arca)), 145.4 (g,
Cs(Arcp)). 1327 (t, Cs(Arcs), Co(Arcn)), 1314 (q, Cs(Arcs)), 128.5 (&,
Co(Arcs), Cus(Arcn)), 127.2 (1, Ca(Arcy), Co(Arcs)), 121.2 (&, Cas(Arca)),
1193 (g, CL(CN)), 1152 (t, Cro(Arca), Cra(Arcn)), 114.2 (1, Car (Arca)),
110.2 (q, Ca(Arcn)), 69.4 (s, Cag(Cat-0-CHa)), 68.3 (s, C14(CB-O-CHy)),
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29.7 (S, C15_23(CH2)), 29.6 (S, C15_23(CH2)), 29.5 (S, C15_23(CH2)), 29.4 (S, C15.
23(CH2)) 26.2 (S, C15_23(CH2)) ppm.
IR (Solid) Vimax: 2979(s) (C-H,), 2299(s) (C=N), 1604(m) (Ar), 1548(m) (Ar)

-1
cm’.

ESMS:  m/z 804 (IM]", 25%), 827 ([M+Na]", 100%), 843 (IM+K]", 20%)
Elemental Analysis: CssHgsN,O4: (Expected) C 80.56, H 8.01, N 3.48; (Found) C 80.26,
H7.99,N3.38

1,2-bis-[1-(4’-Cyanobiphen-4-yloxy)dodecyl-12-oxy]benzene

27 75

S = CscHesN204
833.18

28

Rf 0.52; 100% DCM [1 spot by TLC]

"HNMR (100 MHz, CDCl3): 8y 7.70 (4H, d, ] = 8.7 Hz, C4H, CgH), 7.64 (4H, d, ] =
8.6 Hz, C;H, C;H), 7.54 (4H, d, 8.8 Hz, CoH, Ci3H), 7.01 (4H, d, ] = 8.8 Hz,
CioH, C12H), 6.90 (4H, s, Co7H, CosH), 4.02 (4H, t, 6.5 Hz, O-C,Hy), 4.01
(4H, t, 6.8 Hz, C25sH,-0), 1.75-1.88 (8H, m, CisH,, CouHy), 1.23-1.45 (32H,
m, Ci¢Ha, Ci7Hz, C13Hz, C19Ha, CooHa, CotHa, CoH,, CazHy) ppm.

BC NMR (75 MHz, CDCls): 8¢ 159.9 (q, Cii(Arc)), 149.8 (q, Cas(Arcar)), 145.4 (q,
Cs(Arcn)), 132.7 (t, Cs(Arce), C(Arcy)), 131.4 (q, Cs(Arce)), 128.5 (1,
Co(Arcr), Cis(Arce)), 1272 (t, C4(Arcp), Ce(Arcn)), 1212 (t, Cag(Arca)),
119.3 (q, Cy(CN)), 115.2 (t, Cio(Arce), Cia(Arcp)), 114.2 (t, Cyr (Arcar)),
110.2 (q, Ca(Arcp)), 69.4 (s, Ca5(Cat-0-CH,)), 68.3 (s, C14(CB-O-CH,)),
29.8 (s, C15:24(CHa)), 29.6 (s, Cis-24(CHa)), 29.5 (s, Ci5.24(CH2)), 29.4 (s, Cs.
24(CHa)) 26.2 (s, Ci5.24(CH,)) ppm.

IR (Solid) Ve 2982(s) (C-Hy), 2680(w), 2302(s) (C=N), 1603(m) (Ar),
1547(m) (Ar) cm’.

ESMS:  m/z 832 (IM], 25%), 855 ([M+Na]", 100%), 871 (IM+K]", 13%)
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7.4.2. Res(OnOCB),; 1,2-bis-[a-(4’-cyanobiphen-4-yloxy)alkyl-o-

oxy]|benzene
n Temperature /°C Mass Yield
Cr Smy, N 1 g %o
4 ° 138 e ® (129) ° 282 38
5 o 146 o o (109) ° 245 37
6 ® 125 ° ) (116) ° 587 74
7 o 124 o o (105) ° 512 59
8 ® 99 ® ° 104 ° 469 52
9 ° 124 ° ° (102) ° 654 70
10 o 107 o o (102) o 621 64
11 ° 107 ° ° (93) ° 713 71
12 o 106 o (83) ) (92) o 262 24
1,3-bis-[1-(4’-cyanobiphen-4-yloxy)butyl-4-oxy]benzene
76
C4oH3sN204
B 608.74

To a stirred solution of resorcinol, (143 mg, 1.28 mMol, 1 eq) in dry, nitrogen purged (30
min) DMF (50 mL) was added solid caesium carbonate (3.20 g, 9.84 mMol, 7.6 ¢q) in
one portion. The mixture was warmed to 80°C for 30 min, turning dark brown before
being allowed to cool prior to the addition of 1-(cyanobiphenyloxy)-butyl-4-bromide
(851 mg, 2.58 mMol, 2 eq) in one portion and a catalytic quantity of sodium iodide (80
mg). The reaction mixture was then heated to 80°C for 3 days under an N, atmosphere.
The reaction mixture was allowed to cool and the solvent was removed in vacuo giving a
brown solid. The solid was partitioned between water (50 mL) and DCM (50 mL). The
aqueous layer was washed with DCM (3 x 50 mL) and the organics were combined, dried
over anhydrous MgSO, and filtered. The organic solvents were removed in vacuo to give
a crude off-white solid. The crude material was purified by column chromatography
(silica gel, 40 mm x 100 mm, 50-100% DCM / petroleum) affording the title compound
76, (282 mg, 0.49 mMol, 37.7 %) as white microcrystalline solid.

Rf 0.45; 100% DCM [1 spot by TLC]
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'HNMR (300 MHz, CDCl3): 8 7.61 (4H, d, ] = 8.6 Hz, C4H, C¢H), 7.55 (4H, d, ] =
8.6 Hz, C;H, C;H), 7.45 (4H, d, J = 8.8 Hz, CoH, Ci3H), 7.09 (1H, t, ] = 8.1
Hz, Cs¢H), 6.91 (4H, d, J = 8.8 Hz, CyoH, C2H), 6.33-6.51 (3H, m, C;;H,
CisH, C3sH), 4.01 (4H, t, 5.6 Hz, C7H;-0), 3.95 (4H, t, 5.6 Hz, O-C4;H,),

1.79-2.02 (8H, m, C;sH,, CisHy) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 160.2 (g, Ciy(Arcp)), 159.7 (q, Cas(Arres)), 145.3 (q.
Cs(Arcp)), 132.6 (t, Cs(Arcp), Cr(Arcp)), 131.5 (q, Cs(Arcp)), 129.9 (q,
Ci(Arres)), 128.4 (t, Co(Arcp), Cis(Arcp)), 127.1 (t, Cy(Arcp), Co(Arca)),
119.2 (q, Ci(CN)), 1152 (t, Cyo(Arcp), Cra(Arcg)), 110.1 (q, Cx(Arcn)),
106.8 (t, C33 (ATRes), Css (Argres)), 67.7 (s, C14/C17 (Res-O-CHy)), 67.4 (s,
C14/Cy7 (CB-0-CHy)), 26.0 (s, Cis,16(CH2)), 26.0 (s, Cis, 16(CH2)) ppm.

IR (Solid) Viax: 2947(s) (C-Hy), 2870(s) (C-Hy), 2218(m) (C=N), 1600(m) (Ar),
1520(m) (Ar), 1491(s) (Ar) cm™.

EIMS:  m/z 608 (IM]', 1%), 414 (JCo7H3NOs]", 12%), 250 ([C17H7 NOs]", 55%),
208 ([C14H1oNO]", 100%), 195 ([C13HoNOT", 100%), 69 (JCsHo]", 100%), 123
([CsH50,]", 18%), 55 ([C4Hs]", 20%), 29 ([C.H, ], 20%).

Elemental Analysis: C40H3¢N2O4: (Expected) C 78.85, H 5.91, N 4.60; (Found) C 77.11,

H6.15,N4.91

1,3-bis-[1-(4’-cyanobiphen-4-yloxy)pentyl-5-oxy]benzene -

i N
L — C42H4oN2 Oy
34 3 O/‘B\/m\/m\ “ 55 3 636.80
32 47 s O 7 4
3 £ 10 97
7 18 13 ¥ 3 ;N
O 16 12 '
TN A,
15 o~ A 4
10

Rf 0.50; 100% DCM [1 spot by TLC]

'"HNMR (300 MHz, CDCl3): 8y 7.61 (4H, d, J = 8.6 Hz, C4;H, C¢H), 7.55 (4H, d, J =
8.6 Hz, CsH, C;H), 7.45 (4H, d, J = 9.0 Hz, C¢H, C;H), 7.08 (1H, t, ] =7.9
Hz, Cs6H), 6.91 (4H, d, ] = 8.8 Hz, C\oH, C;;H), 6.36-6.48 (3H, m, C;;H,
Cs4H, C;sH), 3.97 (4H, t, 6.3 Hz, C;3sH>-0), 3.91 (4H, t, 6.3 Hz, O-Ci4H),
1.71-1.89 (8H, m, CisH,, C7H3,), 1.52-1.67 (4H, m, C;sH,) ppm.

416



BCNMR (75 MHz, CDCls): 8¢ 160.3 (g, Cri(Arcs)), 159.7 (q, Cas(Arres)), 145.3 (q,
Cs(Arcp)), 132.6 (t, Cs(Arcs), Co(Arcr)), 131.4 (q, Cs(Arce)), 129.8 (q,
Cs2(Arges) . Cs7(Arres)), 128.3 (t, Co(Arce), Cis(Arcr)), 127.1 (t, Ca(Arcp),
Co(Arce)), 119.1 (g, CH(CN)), 115.1 (t, Cyg(Arcp), CraArcs)), 110.1 (q,
Ca(Arcp)), 106.7 (t, C33 (Arres), Css (Alres)), 101.6 (t, Cs6 (Arges)), 68.0 (s,
C14/C15 (Res-0-CHa)), 67.7 (s, C14/Cis (CB-0O-CHy)), 29.0 (s, Cis5.17(CHy)),
29.0 (s, Ci15.17(CHy)), 22.8 (s, C16(CH2)) ppm.

IR (Solid) Vinax: 2945(s) (C-Ha), 2866(s) (C-Ha), 2219(m) (C=N), 1601(m) (Ar),
1519(m) (Ar), 1491(s) (Ar) cm™.

EIMS:  m/z 636 (IM]', 20%), 442 ([C20H4oNOs]", 19%), 264 ([C1sH;oNOs3]", 28%),
208 ([C14HoNO]", 22%), 195 ([C13HoNO]", 78%), 110 ([CsHeO2]", 12%), 69
([CsHo]", 100%), 41 (JC3Hs]", 20%).

1,3-bis-[1-(4’-cyanobiphen-4-yloxy)hexyl-6-oxy|benzene

7
6 =N
= 13 H] T
34 0 18 12
T2 16 A
19 14 8 3
ES . 7 1
36 5 1
% e} s
10 7
3 —
0 18 3 ] 1/N
S 16 12
14
17 s s A
15 b
7
0 El
1

Rf 0.52; 100% DCM [1 spot by TLC]

THNMR (300 MHz, CDCly): 8y 7.61 (4H, d, ] = 8.6 Hz, C4H, CgH), 7.56 (4H, d, ] =
8.6 Hz, C3H, C;H), 7.45 (4H, d, ] = 8.8 Hz, C;H, Ci3H), 7.08 (1H,t, 1 = 7.7
Hz, CsgH), 6.91 (4H, d, ] = 9.0 Hz. CjoH, C1,H), 6.33-6.47 (3H, m, Cs;H,
C3sH, C3sH), 3.95 (4H, t, 6.4 Hz, CjsH,-0), 3.88 (4H, t, 6.3 Hz, O-C1,H,),
1.64-1.85 (8H, m, CisHa, CysHy), 1.40-1.55 (8H, m, Ci6H,, CrsHy) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 160.3 (q, Cri(Atcg)), 159.8 (g, Cag(Arres)), 145.3 (q,
Cs(Arcp)), 132.6 (t, Cs(Arcp), Cr(Arcn)), 131.3 (q, Cs(Arcs)), 129.8 (q,
Cs2(Atres) » C37(Arres))s 128.3 (t, Co(Atcp), Cis(Arcs)), 127.1 (t, Ca(Arcs),
Co(Arce)), 119.1 (g, CHCN)), 115.1 (t, Cro(Arcs), Cra(Arcp)), 110.1 (g,
Ca(Atcp)), 106.7 (t, Cs3 (Arres), C3s (Arres))s 101.6 (t, Csg (Atres)), 68.0 (5,
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C14/C1o (Res-0-CHa)), 67.8 (s, C14/Cro (CB-O-CH,)), 29.2 (s, Cys.15(CHa)),
29.2 (s, Ci5.18(CH2)), 25.9 (s, Ci5.18(CH.)) ppm.

IR (Solid) vmax: 2934(s) (C-Hy), 2866(s) (C-Hy), 2220(m) (C=N), 1600(m) (Ar),
1518(m) (Ar), 1492(s) (Ar) cm™.

EIMS:  m/z 664 (IM]", 20%), 277 ([C19H20NO3]", 28%), 195 ([C13HoNO]", 78%), 178
([CisHsNT', 7%), 110 ([CeHeO1]", 12%), 69 ([CsHol™, 100%), 41 ([C5Hs]",
20%).

1,3-bis-[1-(4’-cyanobiphen-4-yloxy)heptyl-7-oxy|benzene

7

=N
33 O 20 " 13 § 5] G 78
34@? N . B / Ny = C46H4sN,0y4
N o 692.91

10

O 18 43 2 /
19 . 16 / AN - /
E ¢ R LN A
Rf 0.55; 100% DCM [1 spot by TLC]

'HNMR (300 MHz, CDCI3): 81 7.60 (4H, d, J = 8.6 Hz, C.H, CeH), 7.55 (4H, d, J =
8.6 Hz, CsH, C;H), 7.44 (4H, d, ] = 8.8 Hz, CoH, Ci3H), 7.07 (1H, t, J = 8.0
Hz, CsH), 6.91 (4H, d, J = 8.8 Hz, C;(H, C,H), 6.34-6.46 (3H, m, C;3H,
CssH, CssH), 3.93 (4H, t, 6.5 Hz, Cy0H2-0), 3.86 (4H, t, 6.4 Hz, O-C4H;,),
1.60-1.84 (8H, m, C;sH,, C\9Hy), 1.25-1.56 (12H, m, CcH,, C7H,, C3Hy)
ppm.

1BCNMR (75 MHz, CDCLy): 8¢ 160.4 (q, Cii(Arcn)), 159.8 (q, Cag(Arres))s 1453 (g,
Cs(Arcp)), 132.6 (t, C3(Arcp), Co(Arcp)), 131.3 (q, Cg(Arcr)), 129.8 (q,
Csa(Arges) , Car(Arres)), 128.3 (t, Co(Arcp), Ci3(Arcn)), 127.1 (t, Cy(Arcn),
Cs(Arcp)), 119.1 (g, Ci(CN)), 115.1 (1, Cyo(Arcp), Cia(Arcp)), 110.1 (q,
Ca(Arcp)), 106.7 (t, C33 (Atges), C3s (Arres)), 101.5 (t, Cs6 (Atres)), 68.1 (s,
C14/Cz9 (Res-O-CHy)), 67.9 (s, C14/Cy9 (CB-O-CH3)), 29.2 (s, Cis.19(CH>)),
29.2 (s, Ci15.19(CHy)), 29.1 (s, Cis.19(CHa)), 26.0 (s, C15.19(CHy)) ppm.

IR (Solid) Vmax: 2935(s) (C-Hy), 2852(s) (C-Hy), 2220(m) (C=N), 1601(m) (Ar),
1538(m) (Ar), 1492(s) (Ar) cm™.
MS: Not obtained



1,3-bis-[1-(4’-cyanobiphen-4-yloxy)octyl-8-oxy]|benzene

33

BCNMR

IR

EIMS:

79
CysHs2N,Oy
720.96

0.58; 100% DCM [1 spot by TLC]

(300 MHz, CDCl5): 8y 7.61 (4H, d, J = 8.6 Hz, C4H, CcH), 7.55 (4H, d, J =
8.6 Hz, C;H, C;H), 7.44 (4H, d, J = 8.8 Hz, CoH, C3H), 7.07 (1H. t, ] =75
Hz, C;sH), 6.91 (4H, d, J = 8.8 Hz, C,oH, C\2H), 6.33-6.46 (3H, m, C3;H,
CyH, C3sH), 3.93 (4H, t, 6.5 Hz, C5;H,-0), 3.86 (4H, t, 6.4 Hz, O-C4Hy),
1.61-1.81 (8H, m, CsH;, CyoHy), 1.24-1.51 (16H, m, CisH,, C7Hy, CisHa,

CioHz) ppm.

(75 MHz, CDCl3): 8¢ 160.4 (q, Ci1(Arcg)), 159.8 (q, Cas(Arres)), 145.3 (g,
Cs(Arcp)), 132.6 (1, Cs(Arcp), Co(Arce)), 131.3 (q, Cs(Arce)), 129.8 (q,
Cs2(Arges) , C37(Arges)), 128.3 (t, Co(Arcn), Ciz(Arcp)), 127.1 (t, Cy(Arcp),
Co(Arcp)), 119.1 (q. Ci(CN)), 115.1 (t, Co(Arcp), Cia(Arcp)), 110.1 (q,
Ca(Arcp)), 106.7 (t, Cs3 (Arges), Cas (Argres)), 101.6 (t, Czg (Arges)), 68.2 (5,
C14/Cy1 (Res-O-CH,)), 68.0 (s, C14/C21 (CB-O-CHy)), 29.3 (s, Cis-20(CHy)),
26.0 (s, Cis.20(CH2)) ppm.

(Solid) Vinax: 2934(s) (C-Hy), 2851(s) (C-Hy), 2219(m) (C=N), 1600(m) (Ar),
1523(m) (Ar), 1492(s) (Ar) cm™.

m/z 279 ([CooH230]1", 9%), 207 ([C14HoNO]T, 5%), 167 ([C13Ho]", 29%), 149
([C1oH130]", 100%), 83 ([CsHu]", 9%), 70 ([CaHsO]", 38%), 57 ([CsH50T",
30%), 41 ([C3Hs]", 22%)
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1,3-bis-[1-(4’-cyanobiphen-4-yloxy)nonyl-9-oxy]benzene

Rf
'H NMR

B3C NMR

IR

EIMS:

N 80
o . 7 Cs0Hs6N20y4

18 12
TN 2w [ YR 749.01
v 15 O 1 iy *

0.59; 100% DCM [1 spot by TLC]

(400 MHz, CDCls): 8 7.60 (4H, d, ] = 8.6 Hz, C4H, C4H), 7.55 (4H, d, J =
8.0 Hz, C;H, C7H), 7.44 (4H, d, ] = 8.8 Hz, CoH, Cy3H), 7.07 (1H, ¢, J = 8.1
Hz, C36H), 6.91 (4H, d, J = 8.8 Hz, CioH, CoH), 6.35-6.44 (3H, m, C33H,
Cy;:H, C;55H), 3.93 (4H, t, 6.5 Hz, C»H,-0), 3.85 (4H, t, 6.5 Hz, O-C,,H,),
1.61-1.80 (8H, m, C;sH;, C21H;), 1.20-1.50 (20H, m, C¢H;, Ci7H,, CgHs,
Ci9Hz, CyoHa) ppm.

(100 MHz, CDCI3): 8¢ 160.8 (q, Cri(Arcp)), 160.2 (q, Cas(Arres)), 145.7 (q,
Cs(Arcp)), 133.0 (t, Cs(Arcp), Cr(Arcp)), 131.7 (q, Cs(Arcp)), 130.2 (q,
C3a(Atres) , C37(Arres)), 128.7 (t, Co(Arcr), Ciz(Arcg)), 127.5 (t, Cy(Arcg).
Ce(Arcp)), 119.5 (q, C(CN)), 115.5 (t, Cyo(Arcp), Cra(Arcp)), 110.5 (q,
Cy(Arcp)), 107.1 (t, C33 (Arges), Cas (Argres)), 101.9 (1, Cs6 (Arges)), 68.6 (s,
C4/Cy2 (Res-0O-CHy)), 68.4 (s, C14/Cpz (CB-O-CHy)), 29.9 (s, Cy5.21(CHo)).
29.7 (s, Cy521(CHy)), 29.6 (s, Ci521(CH2)), 26.4 (s, Cy5.2:(CHy)) ppm.

(Solid) Viax: 2934(s) (C-H,), 2849(s) (C-Hy), 2222(m) (C=N), 1602(m) (Ar),
1577(m) (Ar), 1519(w) (Ar), 1491(s) (Ar) cm’.

m/z 748 (IM]", 8%), 429 ([CagH3oNOs]", 4%), 319 ([C2oHasNO]", 12%), 195
(|C13H9NOT', 100%), 178 (JCi3HsNT', 27%), 110 ([CsHeO:]", 25%), 69
(ICsHo] ", 17%).
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1,3-bis-[1-(4’-cyanobiphen-4-yloxy)alkyl-10-oxy|benzene

N0y 2 81
e \/\/m /O/Q/ Cs2HgoN204
777.07

3C NMR

IR

EIMS:

0.61; 100% DCM [1 spot by TLC]
(400 MHz, CDCls): 81 7.60 (4H, d, ] = 8.6 Hz, C4H, C¢H), 7.55 (4H, d, J =
8.0 Hz, C;H, C/H), 7.44 (4H, d, J = 8.8 Hz, CoH, C3H), 7.07 (1H, t, J = 8.1
Hz, C3sH), 6.91 (4H, d, J = 8.8 Hz, C\oH, C;H), 6.35-6.44 (3H, m, C3;H,
Cy:H, C3sH), 3.93 (4H, t, 6.5 Hz, Cp3H,-0), 3.85 (4H, t, 6.5 Hz, O-C 1 Hy),
1.60-1.81 (8H, m, C1sH,, C2Hy), 1.16-1.51 (20H, m, CisH,, C7H,, CjsHy,
CioH,, CyoH,, Co1Hy) ppm.

(100 MHz, CDCls): 8¢ 161.3 (q, Ci1(Arcp)), 160.7 (q, Cag(Ates)), 146.2 (q,
Cs(Arcp)), 133.4 (t, C3(Arce), Cx(Arcn)), 132.1 (q, Cs(Arce)), 130.6 (q,
C32(Arres) 5 C37(Arres)), 129.2 (1, Co(Arcp), Ciz(Arcn)), 127.9 (t, Cu(Arcs),
Cs(Arcp)), 119.9 (q, Ci«(CN)), 116.0 (t, Cio(Arcn). Ciz(Arcs)), 110.9 (q,
Ca(Arcp)), 107.5 (t, C33 (ATres), Cas (Arges))s 102.4 (t, Cs6 (Arges)), 69.0 (s,
C14/Ca3 (Res-O-CH,)), 68.8 (s, C14/Ca3 (CB-0O-CHy)), 30.3 (s, Ci5:22(CHo)),
30.2 (s, Cy5.22(CH)), 30.1 (s, Ci5.22(CHa)), 30.0 (s, C15.22(CH2)), 26.9 (s, Cis.
22(CH2)) ppm.

(Solid) Vimax: 2933(s) (C-H,), 2849(s) (C-Hy), 2233(m) (C=N), 1595(m) (Ar),
1519(w) (Ar), 1492(s) (Ar) cm™.

m/z 279 ([CaH2307", 9%), 207 ([C14HoNO]", 13%), 167 ([C13Ho]", 32%), 149
([C1oH130]", 100%), 83 ([CeHn]", 12%), 70 (|C4HsO]", 49%), 57 ([CsHsO]",
33%), 41 ([C3Hs]", 28%)
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3

"H NMR

BC NMR

IR

EIMS:

1,3-bis-[1-(4’-cyanobiphen-4-yloxy)undecyl-11-oxy]benzene

\/”\ s N
20 13 3
s 21 2 16 ” 82
g i (] 3
v 5 o~ A ‘ Cs4HgsN> Oy
2 10

805.12

0.63; 100% DCM [1 spot by TLC]
(400 MHz, CDCls): 8y 7.60 (4H, d, ] = 8.6 Hz, C4H, C¢H), 7.55 (4H, d, ] =
8.6 Hz, C;H, C;H), 7.44 (4H, d, ] = 8.9 Hz, CoH, C3H), 7.07 (1H, t, ] = 8.0
Hz, CyH), 6.91 (4H, d, ] = 8.8 Hz, C,oH, C;H), 6.35-6.44 (3H, m, C3;H,
CyH, C3sH), 3.93 (4H, t, 6.5 Hz, C»,H,-0), 3.85 (4H, t, 6.6 Hz, O-C  ;H,),
1.60-1.79 (8H, m, CisHa, C23Hy), 1.15-1.51 (20H, m, Ci¢Ha, Cp7H,, CisH,,
Ci9Ha, CooHz, C21H2, CoH3) ppm.

(100 MHz, CDCls): 8¢ 160.8 (q, Cri(Arcg)), 160.2 (q, Cas(Atres)), 145.7 (q,
Cs(Arcp)), 133.0 (t, C3(Arcp), Cs(Arcp)), 131.7 (q, Cg(Arcp)), 130.2 (q,
C32(Arres) , C37(Arres)), 128.7 (t, Co(Arcn), Ci3(Arce)), 127.5 (t, Ca(Arcp),
Ce(Arcp)), 119.5 (g, Ci(CN)), 115.5 (t, Cro(Arcn), Cia(Arcp)), 110.5 (q,
Ca(Arcg)), 107.1 (t, C33 (Arges), Css (Ares)), 101.9 (t, Csg (Arges)), 68.6 (s,
C14/Ca3 (Res-O-CHa)), 68.4 (s, C14/Cay (CB-0-CHy)), 30.1 (s, Cys.23(CHy)),
29.9 (s, C15.23(CH»)), 29.9 (s, C15:23(CH2)), 29.8 (s, C15.23(CHy)), 29.7 (s, Cs.
23(CHa)), 29.7 (s, Cis.23(CHa)), 29.6 (s, Ci5.23(CH2)), 26.5 (s, Cis.23(CHL)),
26.4 (s, Cy5.23(CHy)) ppm.

(Solid) Viay: 2918(s) (C-Hy), 2850(s) (C-Hy), 2222(m) (C=N), 1601(m) (Ar),
1521(w) (Ar), 1492(s) (Ar) cm™.

m/z 279 ([Ca20H230]1", 9%), 207 ([C14HoNOT", 8%), 167 ([C13Hs], 29%), 149
([C1oH1501, 100%), 83 ([CsH111", 9%), 70 ([C4HO]", 37%), 57 ([C3Hs0]",
29%), 41 ([C3Hs]", 21%)
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1,3-bis- [1-(4’-cyanobiphen-4-yloxy)dodecyl-dodec-oxy]benzene

= 83
Cs6HesN204
833.18

%N

Rf
'"H NMR

BC NMR

IR

EIMS:

0.64; 100% DCM [1 spot by TLC]

(300 MHz, CDCly): 6y 7.61 (4H, d, J = 8.5 Hz, CsH, C¢H), 7.55 (4H, d, ] =
8.6 Hz, CsH, C;H), 7.45 (4H, d, J = 8.8 Hz, CoH, Ci3H), 7.07 (1H, t, J = 8.1
Hz, CiH), 6.91 (4H, d, J = 8.8 Hz, C;(H, C;H), 6.34-6.45 (3H, m, C3;H,
CyH, CssH), 3.93 (4H, t, 6.5 Hz, C4H,»-0), 3.85 (4H, t, 6.6 Hz, O-C,Hy),
1.60-1.81 (8H, m, C;sHy, C3H3), 1.11-1.52 (32H, m, C;sHj, C17H2, CisHa,
Ci9Haz, CyoHa, C21Hz, CoH;, C3Hy) ppm.

(75 MHz, CDCl3): 8¢ 160.4 (g, C11(Arcp)), 159.8 (q, Cag(Arres)), 145.3 (q,
Cs(Arcg)), 132.6 (t, Cs(Arcp), Cr(Arcp)), 131.2 (q, Cs(Arc)), 129.8 (g
Cs2(Arges) » C7(Arres), 128.3 (1, Co(Arcp), Cis(Arcs)), 127.1 (t, Ca(Arca),
Ce(Arcn)), 119.1 (g, Ci(CN)), 115.1 (t, Cro(Arcs), Cia(Arcg)), 110.0 (q,
Cy(Arcg)), 106.6 (t, C33 (Arges), C3s (Arres)), 101.5 (t, Cs6 (Arres)), 68.2 (s,
C14/Ca3 (Res-O-CHy)), 68.0 (s, C14/Ca4 (CB-0O-CH,)), 29.6 (s, C15.23(CH,)),
29.4 (s, C15.23(CH»)), 29.3 (s, C15.23(CH2)), 29.2 (s, C15:23(CHL)), 26.1 (s, Cis.
23(CH>)) ppm.

(Solid) Vi 2935(s) (C-Hy), 2918(s) (C-Hy), 2651(s), 2236(m) (C=N),
1597(m) (Ar), 1521(w) (Ar), 1493(s) (Ar) cm™.

m/z 279 ([CaoH230]", 9%), 207 ([C14HoNO]", 10%), 167 ([C13Ho]", 29%), 149
([C1oH 13017, 100%), 83 ([CsH11]", 11%), 70 ([C4sHsO]", 46%), 57 ([C3Hs01",
32%), 41 ([C3Hs]", 27%)
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7.5. Chapter 6 experimental

7.5.1. Cat(OH)(OnOCB); 1-[o-(4’cyanobiphen-4-yloxy)alkyl-m-oxy]-2-

hydroxybenzene
n Temperature /°C Mass Yield
Cr N i d %

4 ® 195 ) ® 121 10
5 ® 98 ) (43) ® 202 18
6 ® 147 ® ® 531 98
7 ° 109 e (60) ® 620 99
8 ] 131 ] ] 539 93
9 . 100 o (65) o 1645 87
10 ] 123 ® (93) ° 1410 72
11 ® 100 ® (85) ® 600 94
12 ) 125 . (79) ® 601 91

1-[1-(4’Cyanobiphen-4-yloxy)decyl-10-oxy]-2-hydroxybenzene

26 ES ~ O -

% OH 1 19 - < iy 84
1 CyH;35NO;
443.59
Procedure:

To a solution of catechol (330 mg, 3.00 mMol, 2 eq) in nitrogen purged acetonitrile (40
mL) was added potassium carbonate (414 mg, 3.00 mMol, 2 eq) as one portion. This
mixture was stirred at reflux for 30 min and then cooled to room temperature for the
addition of the |-(cyanobiphenyloxy)-dodecyl-12-bromide (663 mg, 1.50 mMol, 1 eq).
and a catalytic quantity of sodium iodide (80 mg). The reaction mixture was brought back
to reflux and stirred at this temperature for 30 h. The reaction was cooled to room
temperature and water (100 mL); this precipitated a brown solid which was separated by
filtration through celite. The solid was dissolved in DCM, dried over MgSO,, filtered and
the solvent was removed in vacuo. The crude material was further purified by column
chromatography (40 x 40 mm, silica, 100% DCM) to give the title product 84 as a white
microcrystalline solid (601 mg, 1.35 mMol, 91.0%).

Rf 0.50; 100% DCM [1 spot by TLC]
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"HNMR (300 MHz, CDCl3): 8y 7.61 (2H, d, J = 8.5 Hz, C,H, C¢H), 7.56 (2H, d, ] =
8.5 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Ci3H), 6.92 (2H, d, ] = 8.8 Hz,
CioH, CjoH), 6.68-6.88 (4H, m, Cy7H, CygH, CyoH, C3oH), 5.56 (1H, s, Cat-
OH), 3.87-4.01 (4H, m, O-C;;H,, Cy3H,-0), 3.90-3.99 (4H, m, 6.8 Hz,
Cy3Hz-0, C14H,-0), 1.65-1.81 (4H, m, CisH,, CH3), 1.15-1.50 (12H, m,
Ci6Hz, Ci7Hz, CisHa, CioHa, CooHa, C21Hy) ppm.

BCNMR (75 MHz, CDCl5): 8¢ 159.8 (g, Cii(Arcs)), 146.0 (q, Cag(Arca)), 145.8 (g,
Cs(Arcp)), 145.3 (q, Csi(Arca)), 132.6 (t, Cs(Arcp), Co(Arcp)), 131.3 (q,
Cs(Arcp)), 128.3 (t, Co(Arcp), Ciz(Arcp)), 127.1 (1, Cy(Arcs), Co(Arca)),
121.3 (t, Cas(Arca), 120.1 (q, Cas(Arca)), 119.1 (q, Ci(CN)), T15.1 (t,
Cio(Arcg), Cia(Arcp)), 114.4 (t, C27 (Arca), 111.6 (q, Cso(Arca)), 110.1 (q,
Cy(Arcg)), 68.9 (s, Cy7 (Cat-O-CHy)), 68.2 (s, Ci4 (CB-O-CHa)), 29.5 (s, Cis.
22 (CH>)), 29.3 (s, Cis.22 (CHy)), 29.2 (s, Cis.22 (CHy)), 26.0 (s, Ci5.22 (CH>))
ppm.

IR (Solid) Vmax: 3442(br) (C-OH), 2923(s) (C-Hy), 2852(s) (C-H,), 2223(m)
(C=N), 1597(m) (Ar), 1501(w) (Ar) cm.

ESMS m/z 442 ([M — HJ, 100%), 886 ([2M — H]', 7%)

Elemental Analysis: CoH35NO;: (Expected) C 78.45, H 7.44, N 3.16; (Found) C 78.66,

H7.57,N3.19

1-[1-(4’Cyanobiphen-4-yloxy)butyl-4-oxy]-2-hydroxybenzene

. . 62 N 85

% oH e

Rf 0.50; 100% DCM [1 spot by TLC]

"HNMR (100 MHz, CDCls): 8y 7.62 (2H, d, ] = 8.6 Hz, C4H, C¢H), 7.56 (2H, d, ] =
8.6 Hz, C;H, C;H), 7.46 (2H, d, 9.0 Hz, CoH, Ci3H), 6.93 (2H, d, ] = 8.8 Hz,
CioH, CpH), 6.70-6.89 (4H, m, Cy7H, CosH, CyH, C3oH), 5.52 (1H, br.s,
Cat-OH), 4.07 (2H, t, 6.0 Hz, O-C4H3), 4.03 (2H, t, 6.8 Hz C|7H,-0), 1.84-
2.06 (4H, m, C;sH,, CisH;) ppm.
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BCNMR (75 MHz, CDCl3): 8¢ 159.5 (q, Cri(Arcg)), 145.8 (q, Cas(Arca)), 1452 (q,
Cs(Arcp)), 132.6 (t, Cs(Arcg), C+(Arcs)), 131.6 (q, Cs(Arcg)), 128.2 (1,
Cy(Arcp), Ci3(Arcp)), 127.1 (t, Ca(Arcp), Ce(Arcp)), 121.6 (t, Cas(Arca)),
120.1 (q, Cao(Arca)), 119.1 (q, Ci(CN)), 115.1 (t, Cyo(Arca), Cra(Arca)),
114.6 (t, Cy7 (Arcar), 111.7 (q, C3o(Arcar)), 110.2 (g, C2(Arcn)), 68.4 (s, Ci7
(Cat-O-CHy)), 67.5 (s, C14 (CB-O-CH,)), 26.1 (s, Cis,16 (CH2)), 26.0 (s, Cis,16
(CH»)) ppm.

Note: No peak found for C3;0H(Ar) expected around ¢ = 145 ppm.

IR Not Obtained

MS Not Obtained

1-[1-(4’Cyanobiphen-4-yloxy)pentyl-5-oxy]-2-hydroxybenzene 86
2 86

C,sH;NO;
@ 373.46
30 . 28 OWO 2

OH
Rf 0.51; 100% DCM [1 spot by TLC]

'"THNMR (100 MHz, CDCl3): 8 7.61 (2H, d, J = 8.4 Hz, C,;H, C¢H), 7.56 2H, d, J =
8.4 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Ci3H), 6.92 (2H, d, J = 8.8 Hz,
CioH, C;H), 6.69-6.89 (4H, m, Cy7H, CsH, CooH, C3oH), 5.57 (1H, s, Cat-
OH), 4.01 (2H, t, 5.8 Hz, O-C4H3), 3.97 (2H, t, 5.7 Hz C;H,-0), 1.76-1.92
(4H, m, CsH,, C7H3), 1.54-1.69 (2H, m, C;sH>) ppm.

BCNMR (75 MHz, CDCls): 8¢ 159.6 (q, Ci1i(Arcg)), 145.8 (q, Cag(Arcar)), 145.3 (q,
Cs(Arcp)), 132.6 (t, C3(Arcp), Cs(Arcp)), 131.5 (q, Cs(Arcg)), 128.4 (t,
Co(Arcp), Cis(Arce)), 127.1 (t, Ca(Arcp), Co(Arcn)), 121.5 (t, Cas(Arca)),
120.1 (q, Cayo(Arca)), 119.1 (g, Ci(CN)), 115.1 (t, Cio(Arcp), Cra(Arca)),
114.6 (t, Cy7 (Arca)), 111.7 (q, Czo(Arcar)), 110.1 (q, Ca(Arcn)), 68.6 (s, Cis
(Cat-O-CHy)), 67.8 (s, C14 (CB-O-CH,)), 28.9 (s, Cis.17 (CHy)), 28.9 (s, Cis.
17 (CH2)), 22.7 (s, Cis.17 (CHa)) ppm.

Note: No peak found for C3;0H(Ar) expected around 8¢ = 145 ppm.

IR Not Obtained
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MS

Not Obtained

1-[1-(4’cyanobiphen-4-yloxy)hexyl-6-oxy]-2-hydroxybenzene

27

28 O

Rf
'"H NMR

3C NMR

IR

ESMS

3 52 ZN 87
FNon ¥ o N 387.48

0.51; 100% DCM

(100 MHz, CDCLy): 8 7.61 (2H, d, ] = 8.4 Hz, C,;H, CgH), 7.56 (2H, d. J =
8.5 Hz, C;H, C;H), 7.45 (2H, d, 8.8 Hz, CoH, Ci3H), 6.92 (2H, d, ] = 8.8 Hz,
CoH, C2H), 6.69-6.89 (4H, m, Co7H, CysH, CyoH, C30H), 5.56 (1H, s, Cat-
OH), 3.99 (2H, t, 6.6 Hz, O-C4H3), 3.95 (2H, t, 6.6 Hz C;sH,-0), 1.69-1.87
(4H, m, Cy5H,, CgH,), 1.39-1.60 (4H, m, CisHa, Ci7H;) ppm.

(75 MHz, CDCLy): 8¢ 159.7 (q, Cii(Atce)), 145.9 (q, Cag(Arca)), 145.8 (q,
Cs(Arcn)), 1453 (¢, Cai(Arca)), 1326 (t. Cs(Arcn), Co(Arca)), 131.4 (q,
Cs(Arcg)), 128.3 (t, Cy(Arcp), Cis(Arcp)), 127.1 (t, Cy(Arcp), Ce(Arcn)),
1214 (t, Cas(Arca)), 120.1 (qo Cao(Arca)), 119.1 (q. C(CN)), 115.1 (,
Cro(Atcs). Cra(Arce)), 114.5 (t, Car (Atca)), 111.7 (g, Cso(Arca)), 110.1 (q,
Ca(Atcs)). 68.7 (s, Cro (Cat-O-CHs)), 67.9 (s, Crq (CB-O-CH)), 28.9 (s, Cis.
15 (CHa)). 28.9 (s, C1sas (CH2)), 22.7 (5, Crs1s (CHa)) ppm.

(Solid) Vi 3418(br) (O-H), 2948(s) (C-Ha), 2850(s) (C-Hy), 2229(m)
(C=N). 1600(m) (Ar), 1504(w) (Ar) cm’.

m/z 386 ([M — HT, 100%), 773 ([2M — HT, 14%).

1-[1-(4’Cyanobiphen-4-yloxy)heptyl-7-oxy]-2-hydroxybenzene

OH

Rf

AN 88
CiH27NO3
401.51

0.50; 100% DCM [1 spot by TLC]
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"H NMR (100 MHz, CDCls): 6y 7.61 (2H, d, J = 8.4 Hz, C,H, CcH), 7.56 (2H, d, ] =
8.6 Hz, CsH, C;H), 7.45 (2H, d, 8.8 Hz, CoH, C3H), 6.92 (2H, d, J = 8.8 Hz,
C1oH, C1oH), 6.69-6.89 (4H, m, CasH, CagH, CaoH, C3oH), 5.56 (1H, s, Cat-
OH), 3.99 (2H, t, 6.6 Hz, O-C,4H,), 3.95 (2H, t, 6.4 Hz C;H»-0), 1.67-1.88
(4H, m, C;sH;, C;oH,), 1.40-1.58 (6H, m, C;sH2, Ci7H2, CisH2) ppm.

13C NMR (75 MHz, CDCLy): 8¢ 159.8 (q, Cri(Arcn)), 145.9 (q, Cas(Arca)), 145.8 (g,
Cs(Arcp)), 1453 (q, Csi(Arca)), 132.6 (t, Cs3(Arcp), Cy(Arcp)), 131.3 (q,
Cs(Arcp)), 1283 (t, Co(Arcn), Cis(Arcy)), 127.1 (t, Ca(Arca), Co(Arca)),
1214 (t, Cas(Arca)), 120.1 (g, Cas(Arca)). 119.1 (q. CHCN)), 115.1 (1,
Cro(Atcs), Cra(Arcs)), 114.5 (1, Cor (Arca)), 111.7 (q, Cao(Arca)), 110.1 (g,
Ca(Arcn)), 68.8 (s, Cao (Cat-O-CH)), 68.0 (s, C14 (CB-O-CH)), 29.2 (s, Cys.
19 (CHy)), 29.1 (s, Cis.19 (CHy)), 29.1 (s, Cis.19 (CH2)), 26.0 (s, Cis.19 (CH2))
ppm.

IR (Solid) Vinax: 2934(s) (C-Hy), 2866(s) (C-Hz), 2228(m) (C=N), 1699(m) (Ar),
1500(s) (Ar) cm™.

ESMS m/z 400 (M — HJ, 100%), 802 (|[2M — HJ", 6%).

1-[1-(4’Cyanobiphen-4-yloxy)octyl-8-oxy]-2-hydroxybenzene

27 7 N
= = 8] 20 13 ) 3 ; 89
BN A M )y 7 \ C27H29NO;
®  OH v po o . ) 415.54

Rf 0.50; 100% DCM [1 spot by TLC]

'"HNMR (100 MHz, CDCl5): 8 7.61 (2H, d, ] = 8.5 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.5 Hz, C3H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, Ci3H), 6.92 (2H, d, J = 8.8 Hz,
CioH, C1oH), 6.68-6.88 (4H, m, Co7H, CogH, CooH, C3oH), 5.57 (1H, s, Cat-
OH), 3.97 (2H, t, 6.4 Hz, O-C14H,), 3.94 (2H, t, 6.4 Hz C;H,-0), 1.65-1.83
(4H, m, CysHa, CooHy), 1.40-1.58 (8H, m, C16Hy, C,7Ha, CisH,, CioH;) ppm.

BCNMR (75 MHz, CDCly): 8¢ 159.8 (q, Cii(Arcr)), 145.9 (q, Cag(Arca)), 145.8 (q,
Cs(Arcp)), 145.3 (q, Csi(Arca)), 132.6 (t, Cs(Arcs), Cs(Arcp)), 131.3 (q,
Cs(Arcp)), 128.3 (t, Co(Arce), Cis(Arcp)), 127.1 (t, Cy(Arcp), Ce(Arcp)),

121.4 ('[, ng(Al’Cat)), 120.1 (q, ng(Arcat)), 119.1 (q, C](CN)), 115.1 ('[,
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Cio(Arcg), Cia(Arcp)), 114.5 (t, Ca7 (Arca), 111.7 (q, Csp(Arcar)), 110.1 (q,
Cy(Arcp)), 68.8 (s, Cy1 (Cat-O-CHy)), 68.1 (s, Ci4 (CB-O-CHy)), 29.3 (s, Cis-
20 (CH2)), 29.2 (s, Cis.20 (CH2)), 26.0 (s, Cis-20 (CHz)) ppm.

IR (Solid) Vinax: 2934(s) (C-Hy), 2866(s) (C-Hs,), 2228(m) (C=N), 1699(m) (Ar),
1500(s) (Ar) cm™.

ESMS  m/z 414 (M~ HJ, 100%), 830 ([2M — HT, 7%).

1-[1-(4’Cyanobiphen-4-yloxy)nonyl-9-oxy]|-2-hydroxybenzene

N 90
CysH31NO;
429.56

Rf 0.51; 100% DCM [1 spot by TLC]

"HNMR (100 MHz, CDCl;): 8 7.61 (2H, d, ] = 8.4 Hz, C4H, C¢H), 7.56 (2H, d, ] =
8.5 Hz, C3H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, C3H), 6.92 (2H, d, ] = 9.0 Hz,
CioH, C1oH), 6.67-6.88 (4H, m, Co7H, CagH, CaooH, C30H), 5.57 (1H, s, Cat-
OH), 3.96 (2H, t, 6.6 Hz, O-C4Hy), 3.93 (2H, t, 6.6 Hz C5,H,-0), 1.64-1.82
(4H, m, C;sH,, Co1Hy), 1.19-1.54 (10H, m, CsH,, Ci7H,, CigH,, CioHa,
CooHy) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 161.2 (q, Cii(Arce)), 159.8 (g, Cag(Arca)), 145.8 (q,
Cs(Arcp)), 145.3 (q, Csi(Arca)), 132.6 (t, C3(Arcp), Co(Arcr)), 131.3 (q,
Cs(Arcg)), 128.3 (1, Co(Arcp), Ciz(Arcn)), 127.1 (t, Cy(Arce), Ce(Arcn)),
121.3 (t, Cag(Arca)), 120.1 (q, Cao(Arca)), 119.1 (g, C1(CN)), 115.1 (4,
Cio(Arcp), Cra(Arcs)), 114.5 (t, Coy (Arca)), 111.7 (q, Cso(Arca)), 110.1 (q,
Ca(Arc)), 68.8 (s, Cy1 (Cat-O-CH))), 68.1 (s, C14 (CB-O-CHy)), 29.4 (s, Cs.
21 (CH2)), 29.3 (s, Cis.21 (CHy)), 29.2 (s, Cis.21 (CHa)), 29.1 (s, Cis.z1 (CHy)),
28.5 (s, Cys.21 (CH2)), 26.0 (s, Ci521 (CH2)) ppm.

IR (Solid) Viayx: 3416(br) (O-H), 2932(s) (C-Ha), 2863(s) (C-H,), 2226(m)
(C=N), 1596(m) (Ar), 1500(s) (Ar) cm’.

ESMS  m/z 428 (IM - HJ, 100%), 858 ([2M — HJ', 5%).
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1-[1-(4’Cyanobiphen-4-yloxy)undecyl-11-oxy]-2-hydroxybenzene

AN 91
C30H3sNO3
457.62

Rf 0.52; 100% DCM [1 spot by TLC]

'"HNMR (100 MHz, CDCl;): 8y 7.61 (2H, d, ] = 8.5 Hz, C4H, C¢H), 7.55 (2H, d, ] =
8.5 Hz, C;H, C;H), 7.45 (2H, d, 9.0 Hz, CoH, C3H), 6.91 (2H, d, ] = 9.0 Hz,
CioH, CoH), 6.67-6.88 (4H, m, Co7H, CogH, CooH, C3oH), 5.57 (1H, s, Cat-
OH), 3.97-4.00 (4H, m, O-C14Hy, Hz C23H,-0), 1.65-1.80 (4H, m, C;sHa,
CyoHy), 1.17-1.55 (12H, m, C1¢H,, C17H,, C1sH,, CigH,, CyoHa, Co1H,) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 159.8 (q, Cii(Arc)). 146.0 (q, Cag(Arca)), 145.8 (q,
Cs(Arcp)), 1453 (g, Csi(Arca)), 132.6 (t, Cs(Arcp), Ca(Arcp)), 131.3 (q,
Cs(Arcp)), 128.3 (t, Co(Arcp), Cis(Arcs)), 127.1 (t, Ca(Arcp), Ce(Arcp)),
121.3 (t, Cag(Arca)), 120.1 (q, Cao(Arca)). 119.1 (g, CH(CN)), 115.1 (4,
Cio(Arcg), Cra(Arcg)), 114.5 (t, C27 (Arca))s 111.7 (q, Cso(Arcay)), 110.1 (q,
Ca(Arcp)), 68.9 (s, Ca1 (Cat-O-CHy)), 68.2 (s, C14 (CB-O-CH,)), 29.5 (s, Cis.
21 (CHa)), 29.4 (s, C15.21 (CHy)), 29.3 (s, Cis.21 (CHo)), 26.0 (s, Cis.21 (CH»))
ppm.

IR (Solid) Viax: 3373(br) (O-H), 2915(s) (C-Hy), 2847(s) (C-Hy), 2234(m)
(C=N), 1594(s) (Ar), 1529(s) (Ar), 1493(s) (Ar) cm™.

ESMS  m/z 456 ((M—HJ, 100%), 914 ([2M — H, 5%).

1-[1-(4’Cyanobiphen-4-yloxy)dodecyl-12-oxy]-2-hydroxybenzene

27

y 2% 0 % » I N 92
® 5 ® 23 X 18 12 N 2 i C311—137N()3
» OH z 19 % 14 a s ; 3 471.65
" 1% O 1 = s
Rf 0.50; 100% DCM [1 spot by TLC]

THNMR (100 MHz, CDCly): 8y 7.61 (2H, d, ] = 8.5 Hz, C4H, C¢H), 7.56 (2H, d, J =
8.5 Hz, C3H, C5H), 7.45 (2H, d, 8.8 Hz, CoH, C13H), 6.91 (2H, d, J = 9.0 Hz,
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3C NMR

IR

ESMS

CioH, C2H), 6.69-6.88 (4H, m, C,7H, CysH, CooH, C30H), 5.57 (1H, s, Cat-
OH), 3.87-4.00 (4H, m, O-C4H;, Hz Cy5H»-0), 1.66-1.81 (4H, m, C;sH,,
CuHy), 1.12-1.56 (14H, m, Ci¢H,;, C7H,, CigHa, CioH,;, CyoH,, CoiHa,
CoHy, Co3Hy) ppm.

(75 MHz, CDCls): 8¢ 159.8 (q, Cii(Arcp)), 145.7 (q, Cas(Arcar)), 145.8 (q,
Cs(Arcs)), 145.3 (q, Csi(Arca)), 132.6 (&, Cs(Arcy), Co(Aren)), 1313 (q,
Cy(Arcs)), 1283 (t, Co(Arcn), Cus(Aren), 127.1 (t, Ca(Arcn). Co(Arce)),
1213 (t Cas(Arca)), 120.1 (q Cao(Arca)), 119.1 (g, Ci(CN)), 115.1 (1,
Cio(Atca), Cia(Arcs)), 114.4 (t, Ca7 (Arca)), 111.7 (g, CsalArcad), 110.1 (.
Ca(Arcp)), 68.9 (s, Cat (Cat-O-CHa)), 68.2 (s, C14 (CB-O-CHa)), 29.5 (s, Cys.
21 (CH2)), 29.4 (s, Cis5.21 (CH2)), 29.3 (s, Cys.21 (CHy)), 26.0 (s, Cisz1 (CHy))
ppm.

(Solid) Ve 3450(br) (O-H), 2934(s) (C-Hs), 2847(s) (C-Ha), 2222(m)
(C=N), 1596(s) (Ar), 1491(s) (Ar) cm”.

m/z 470 (IM = HT, 100%), 942 ([2M — HT', 6%).

7.5.2. Cat(OMe)(O100CB); 1-]a-(4’cyanobiphen-4-yloxy)decyl-w-oxy]-3-

methoxybenzene

n Temperature /°C Mass Yield
Cr N | mg %

10 ® 67 ) 46 ® 43 42

1-[1-(4’cyanobiphen-4-yloxy)decyl-10-oxy]-2-methoxybenzene

27

28 o

28

28
3

30 O
/

247

2 N
= N 18 2 2 - o3
TN R 8 N C30H36N204
7o N 457.62

To a solution of 67 (100 mg, 0.23 mmol, 1 eq) in tetrahyrdofuran (20 mL) was added

activated sodium hydride (62 mg as a 44.5% solution in mineral oil, 1.13 mmol, 5 eq) at

room temperature in 1 portion. The mixture was stirred at room temperature for 20 mins

during which time hydrogen was evolved. Methyl iodide (~1 mL, approx 70 eq) was then

added and the mixture was stirred at reflux for 24 h. The solvents were then removed in

vaccuo and product was dissolved in DCM (30 mL) and this solution was then washed
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with water (50 mL). The water layer was extracted with more DCM (3 x 40 mL). The

organics were combined, dried over magnesium sulphate and the solvents were removed

in vacuo to yield a yellow crude product which was crystallised from neat ethyl acetate to

give a pale yellow crystalline solid 93 (43 mg, 0.93 mmol, 41.5%).

Rf

'"H NMR

3C NMR

IR
MS

0.56; 100% DCM |1 spot by TLC]

(300 MHz, CDCly): 8y 7.61 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.56 (2H, d, ] =

8.5 Hz, C;H, C;H), 7.45 (2H, d, 8.8 Hz, CoH, Ci3H), 6.92 (2H, d, ] = 8.8 Hz,
CioH, Ci2H), 6.82 (4H, s, C7H, CysH, CxoH, C3oH), 3.79 (4H, t, O-C4H,,
CxH3-0), 3.79 (3H, t, O-Cy47H3), 1.64-1.84 (4H, m, CisH,, CoHy), 1.15-

1.53 (12H, m, CisHz, C17H2, Ci3H3, C19H,, CooHa, C21Hy) ppm.
(75 MHz, CDCls): 8¢ 158.0 (q, Ci1(Arcn)), 147.7 (q, Cae(Arcar)), 146.8 (q,

Cs(Arcn)), 143.5 (@, Csi(Arca)), 130.8 (1, Cs(Arcs), Cr(Arcs)), 129.5 (q,
Cs(Arcp)), 126.5 (t, Co(Arcn), Cis(Arcp)), 125.3 (t, Cy(Arcp), Ce(Arcp)),
119.1 (t, Cyg(Arcar), Cao(Arca)), 117.3 (q, C1(CN)), 113.3 (t, Cio(Arcn),
Cia(Arcp)), 111.4 (t, Cy7 (Arca)), 110.1 (g, Cso(Arcar)), 108.3 (q, Cx(Arcg)),
672 (s, Czs (Cat-O-CHa)), 66.4 (s, C14 (CB-O-CHa)), 54.2 (p, Casr (CB-O-
CH,)), 27.9 (s, Cis.22 (CH2)), 27.7 (s, Cis.22 (CH2)), 27.6 (s, Cys.22 (CHy)),
27.6 (s, Cis.2 (CHy)), 27.4 (s, Cis.2 (CHy)), 24.2 (s, Cis.22 (CHy)), 24.2 (s,

Cis22(CHy)) ppm.

Not Obtained
Not Obtained

7.5.3. Cat(OmOCB)(OnOCB); 1-[u-(4’cyanobiphenyl-4-oxy)alkyl;-om-oxy]-2-

o’-(4’cyanobiphenyl-4-oxy)alkyl,-®’-oxy-]-benzene

n

Cr

Temperature /°C

N

Mass
mg

Yield
%

12
11
10

0~NO O D

121
99
124
107
126

(111)
(85)
(118)
(89)
(118)

20
101
148

59

1270

10
51
46
16
88

4

2



1-[10-(4’-Cyanobiphen-4-yloxy)decyl-1-oxy-]-2-[6-(4’-cyanobiphen-4-yloxy)hexyl-1-

oxy-]-benzene

) A (0] 2 20

@ NN o4

2 “ ® 17 -

NN =0 C4sH52N,04
720.96

148 147

Procedure:

To a suspension of activated sodium hydride (122 mg, 2.25 mMol, 44.5% solution in
mineral oil, 5 eq) in DMF (40 mL) was added compound 1-[1-(4’cyanobiphen-4-
yloxy)decyl-10-oxy]-2-hydroxybenzene (203 mg, 0.45 mMol, | eq) in the presence of
nitrogen. This mixture was stirred at 100°C for 30 min and the solution became dark
green before being cooled to room temperature. [-(cyanobiphenyloxy)-hexyl-6-bromide
(333 mg, 340 mMol, 2.1 eq) was then added followed by a catalytic quantity of sodium
iodide (80 mg). Almost immediately on adding the catalyst the solution changed colour to
yellow/orange. The reaction mixture was brought back to 100°C and stirred at this
temperature for 3 days after which the hydroxy-benzene had been consumed as found by
TLC. The reaction mixture was cooled to room temperature and the remaining hydride
was quenched using ice water. The addition of water precipitated a white solid which was
separated by filtration through celite. The solid was dissolved in DCM, dried over
MgSOy,, filtered and the solvent was removed in vacuo. The crude material was purified
by column chromatography (40 x 70 mm, silica, 50% DCM / 40-60 petroleum) to yield
an off-white microcrystalline solid 94 (148 mg, 0.21 mMol, 46%).
Rf 0.47; 100% DCM
THNMR (300 MHz, CDCl3): 8y 7.61 (4H, d, J = 8.6 Hz, C4H, CsH), 7.54 (4H, d, J =
8.6 Hz, C;H, C;H), 7.43 (4H, d, ] = 8.8 Hz, CoH, C;3H), 6.90 (4H, d, J = 8.8



3C NMR

IR

EIMS:

Hz, CoH, CoH), 6.81 (4H, s, Cy5H), 3.82-4.01 (4H, m, O-Ci4H,, C,H,-0O,
Ci43H2-0, O-C45H3,), 1.09-1.90 (8H, m, CsHa, CaooH,, CiyaH,, Cigy7Hy),
1.09-1.90 (16H, m, 8H, m, CicH,, C7H2, CigH,, Ci9Hy, CyoH,, CoiHa,
CissHz, Cra6Hz) ppm.

(75 MHz, CDCls): 8¢ 159.8 (q, Cri(Arcs)), 1493 (q, Cag/Cai(Arca), 149.1
(g, Ca6/Cs1(Arcay), 145.3 (q, Cs(Arcp)), 132.6 (t, C3(Arcp), C+(Arcp)), 131.3
(. Cs(Arcn)), 1283 (t, Co(Arcs), Crs(Aren)), 127.1 (t, Ca(Arcn). Co(Arcn)).
121.2 (t, Co7/Csp(Arca)), 121.0 (t, C27/Czo(Arca)), 119.1 (q, C1(CN)), 115.1
(t, Cro(Arcp), Cia(Arcp)), 114.2 (t, C28/Cag (Arcar)), 114.1 (t, Cas/Cag (Arcar)),
110.1 (q, Ca(Arcp)), 69.2 (s, C22/Ci49(Cat-O-CHy)), 69.1 (s, Cpa/Ci49(Cat-O-
CHa)), 68.2 (s, C15/C1s5(CB-O-CHa)), 68.0 (s, C14/Cy43(CB-O-CHy)), 29.2-
29.5 (s, Ci15.22(CHa), Ciya147(CH2)), 26.1 (s, Cy5.22(CHz), Ciaa.147(CHy)) , 25.8
(s, Ci5:22(CH2), Ci44-147(CH3)) ppm.

(Solid) Vi: 2919(s) (C-Hy), 2850(s) (C-Hy), 2217(s) (C=N), 1599(s) (Ar),
1492(s) (Ar) cm™.

m/z 720 (IMT", 11%), 333 ([CasHasNOT', 6%). 278 ([C1sHagNOs]", 79%), 278
([C1sHaoNOsT", 10%). 208 ([C1-H gNOsT', 17%), 195 ([C1sHoNOT", 100%),
110 ([C¢HeO:]", 27%), 69 ([CsHol", 50%), 55 ([CsHq]", 55%), 41 ([CsHs]",
24%).

Elemental Analysis: C,oH3sNO;: (Expected) C 79.89, H 7.21, N 3.88; (Found) C 80.46,
H7.27,N3.80



1-[9-(4’-Cyanobiphen-4-yloxy)nonyl-1-oxy-]-2-|7-(4’-cyanobiphen-4-yloxy)heptyl-1-

28
29 o7
30 ’ 2 2 "

3 (o) 6

14
21
O 19 Py
149 5 O

oxy-|-benzene

95
CysHs5;:N,04
720.96

Rf
'"H NMR

BC NMR

IR

MS:

0.45; 100% DCM [1 spot by TLC]

(400 MHz, CDCl3): 8,1 7.61 (4H, d, ] = 8.6 Hz, CsH, CeH), 7.55 (4H, d, J =
8.6 Hz, CsH, C/H), 7.4 (4H, d, J = 8.8 Hz, CoH, C,5H), 6.91 (4H, d, ] = 8.8
Hz, CioH, CoH), 6.82 (4H, s, CysH), 3.84-4.02 (4H, t, J = 6.5 Hz, O-C4H>,
CH,-0, Cy43H,-0, 0O-Ciy9Hy,), 1.09-1.90 (24H, m, 8H, m, C;sH,, CcH,,
Ci7Hz, CisHy, CioHa, CooHa, Co1Ha, CiasHa, CiasHa, CiacHz, CiarHa, CiasHp)
ppm.

(100 MHz, CDCly): 8¢ 159.8 (q, Cii(Arcs)), 149.2 (q, Ca6/C31(Arcar)), 149.0
(q, C26/C31(Arcay)), 145.3 (q, Cs(Arcs)), 132.6 (1, C3(Arcp), C7(Arcp)), 131.3
(q, Cs(Arcg)), 128.3 (t, Co(Arcn), Ci3(Arcn)), 127.1 (t, Ca(Arcp), Ce(Arcp)),
121.1 (t, C7/Csp(Arcar)), 121.0 (t, Cy7/Csp(Arca)), 119.1 (g, C1(CN)), 115.1
(t, Cro(Arcr), Cia(Arcn)), 114.2 (t, Ca8/Cao (Arcar)), 114.2 (t, Ca8/Ca9 (Arcar)),
110.1 (g, Ca(Arcp)), 69.2 (s, Cp, Cig9(Cat-O-CHy)), 68.1 (s, Ci4, C143(CB-O-
CHy)), 29.0-29.5 (s, Ci521(CHz), Ciaa148(CH2)), 26.1 (s, Cis521(CHa), Craa-
147(CHz)) ppm.

(Solid) Vie: 2930(s) (C-Hy), 2908(s) (C-Hz), 2221(s) (C=N), 1602(s) (Ar),
1492(s) (Ar) cm™.

Not Obtained
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1-[11-(4’-Cyanobiphen-4-yloxy)undecyl-1-oxy-]-2-[5-(4’-cyanobiphen-4-

yloxy)pentyl-1-oxy-]|-benzene

Rf
'H NMR

B3C NMR

IR

96
C4sHsN,04
720.96

1\\N

0.47; 100% DCM [1 spot by TLC]

(300 MHz, CDCls): 8, 7.60 (4H, d, ] = 8.6 Hz, C;H, CgH), 7.55 (4H, d, J =
8.6 Hz, CsH, C;H), 7.44 (4H, d, ] = 8.8 Hz, CoH, C3H), 6.90 (4H, d, ] = 8.8
Hz, CoH, C;H), 6.82 (4H, s, C5H), 3.84-4.02 (4H, m, O-C;H,, C,4H,-0,
Ci43H3-0, O-Ci7H3,), 1.12-1.90 (24H, m, CisHa, CisHa, Ci7H,, CisHa,
CioHy, CooHy, Co1Ha, CyoHay CosHy,y CrasHa, CrasHa, CragHz) ppm.

(75 MHz, CDCLy): 8¢ 159.8 (q, Cri(Arcy)), 1493 (q, Ca/Car(Arca)), 149.1
(g, C26/C31(Arca)), 145.3 (q, Cs(Arcp)), 132.6 (t, C3(Arcp), C7(Arcg)), 131.3
(q, Cs(Arcn)), 128.3 (t, Co(Arcr), Ciz(Arcg)), 127.1 (t, C4(Arcp), Ce(Arcn)),
121.3 (t, Car/Cao(Atca)), 121.0 (t, Co/Cao(Arca))s 119.1 (g, C1(CNY), 115.1
(t, Cro(Arcp), Cia(Arcg)), 114.3 (t, Cy8/Cr9 (Arcay), 114.0 (t, C28/Ca9 (Arcar)),
110.1 (g, Ca(Arcg)), 69.2 (5, C22/Cran(Cat-O-CH,)), 69.1 (s, Cpo/Cy47(Cat-O-
CH,)), 68.2 (s, C14/C143(CB-0O-CH,)), 68.0 (s, C14/C143(CB-O-CHy)), 29.0-
29.7 (s, Ci5.23(CHz), Ci44.146(CH2)), 26.0 (s, C1523(CHy), Ciraa146(CH2)) , 22.8
(s, C15:23(CHy), Cia4-146(CH2)) ppm.

(Solid) Vimax: 2916(s) (C-Hy), 2851(s) (C-Hz), 2219(s) (C=N), 1599(s) (Ar),
1492(s) (Ar) em™.



EIMS:

m/z 279 ([CaoHas01", 9%), 207 ([CHoNOT', 4%), 167 ([CysHs]", 30%), 149
([C1oH1301", 100%), 112 ([CeHsO2]", 9%), 83 ([CsHi1l", 8%), 70 (C4HsO]",
30%), 57 ([CsH50T", 26%), 41 ([C3Hs]', 16%)

1-[12-(4’cyanobiphen-4-yloxy)undecyl-1-oxy-]-2-[4-(4’-cyanobiphen-4-yloxy)butyl-1-

oxy-|-benzene

29 2
97
o 28 0 24 2 20 18 16 14 C48H52N204
0 2 23 21 9 7 15 720.96
146 145
144 143
(]) 12

Rf
'H NMR

BC NMR

IR

Ny

0.51; 100% DCM [1 spot by TLC]

(300 MHz, CDCls): 8y 7.60 (4H, d, ] = 8.4 Hz, C4H, C¢H), 7.55 (4H, d, J =
8.4 Hz, CsH, C;H), 7.44 (4H, d, ] = 8.8 Hz, CoH, C3H), 6.90 (4H, d, J = 8.8
Hz, CioH, CxH), 6.82 (4H, s, CysH), 3.82-4.05 (4H, m, O-Ci4H;, C,sH,-0,
Ci143H5-0, O-C4H3,), 1.06-1.94 (24H, m, C;sH,, C;sH,, C7H;, CisHa,
CioHa, CyoHa, Co1Ha, CoHa, CosHy, CosHy, CrasHa, CrasHz) ppm.

(75 MHz, CDCls): 8¢ 159.8 (q, C11(Arcp)), 149.3 (q, Ca6/C31(Arcy)), 148.9
(g, C26/C31(Arcay)), 145.3 (q, Cs(Arcp)), 132.6 (t, C3(Arcp), C7(Arcg)), 131.3
(g, Cs(Arcg)), 128.3 (t, Co(Arcn), Ci3(Arcn)), 127.1 (1, C4(Arcg), Ce(Arcn)),
1213 (t, Car/Can(Arca)), 121.0 (t, Car/Cao(Atca))s 119.1 (q, C1(CN)), 115.1
(t, Cio(Arcn), Cia(Arcg)), 114.3 (t, C28/Cao (Arca), 113.9 (t, Cas/Cao (Arcar)),
110.1 (q, Cx(Arcp)), 69.2 (s, Ca5/Ci46(Cat-O-CHy)), 68.8 (s, C25/Cra6(Cat-O-
CH,)), 68.2 (s, C14/C143(CB-O-CH,)), 68.0 (s, C14/C143(CB-O-CH>)), 29.2-
29.6 (s, Ci524(CHa), Cia4,145(CH2)), 26.0 (s, Ci5.24(CHz), Cra4,145(CH2)) ppm.
(Solid) Vinax: 2923(s) (C-H), 2848(s) (C-Hy), 2219(s) (C=N), 1600(s) (Ar),
1578(s) (Ar), 1492(s) (Ar) cm’.

437



EIMS:  m/z 720 ([M]", 3%), 526 ([C3sHasNO3]", 22%), 250 ([C\7H1sNOs]", 70%),
208 ([C17H16NOs]", 38%), 195 (JC13HoNOJ, 100%), 110 ([CsHeO4]", 27%),
55 ([C4H7]", 100%), 41 ([C3Hs]", 100%).

1-[10-(4’cyanobiphen-4-yloxy)decyl-1-oxy-]-2-[4-(4’-cyanobiphen-4-yloxy)butyl-1-

oxy-|-benzene

98
7 o B OB B E M C4sH3s2N204
*® 26 23 2t g 7 15 692.91
29 < a1 O
Rf 0.49; 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCLy): 8y 7.61 (4H, d, J = 8.6 Hz, C4H, CoH), 7.56 (4H, d. ] =
8.5 Hz, CsH, C;H), 7.45 (4H, d, J = 8.8 Hz, CoH, Ci3H), 6.91 (4H, d, J = 8.5
Hz, CoH, Ci;H), 6.35-6.45 (4H, m, C;sH), 3.93 (4H, t, J = 6.5 Hz, O-C H,
C23H,-0, Cii3H,-0, 0-Ciy¢Hy,), 1.63-1.81 (8H, m, CsH;, CxH;, CiugHs,
Ciy5Hy), 1.23-1.52 (12H, m, CcH,, C17H,, Ci13H2, CigHa, CygHa, Co1Hy) ppm.

BCNMR (100 MHz, CDCL3): 8¢ 158.8 (q, Cii(Arcg)), 148.3 (q, Cag/Csi(Atca)), 147.9
(q Ca6/Cs1(Arca)), 144.2 (q, Cs(Arcs)), 131.5 (t, Cs(Arcs), Cr(Arca)), 130.3
(q, Cs(Arcg)), 127.3 (t, Co(Arcn), Cia(Arcp)), 126.1 (t, Ca(Arc), Ce(Arcs)),
120.3 (t, C27/C30(Arcy)), 120.0 (t, Cy7/Cs0(Arca)), 118.1 (q, C1(CN)), 114.1
(t, Cro(Arcg), Cra(Arcg)), 113.3 (t, Ca/Cao (Arcay)), 112.9 (t, Cas/Cag (Arcyy)),
109.1 (g, Cx(Arcp)), 68.1 (s, C23/Cr46(Cat-O-CH3)), 67.8 (s, C23/Cy46(Cat-O-
CH,)), 67.1 (s, C14/C143(CB-0O-CH,)), 66.7 (s, C14/C143(CB-0O-CH,)), 29.0-
29.5 (s, C15.22(CH2), Cia4,145(CH2)), 25.1 (8, C15.22(CHy), Crag145(CHy)), 25.0
(s, C15-22(CHa), Cr44,145(CH2)) ppm.
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IR (Solid) Vmax: 2923(s) (C-Hy), 2850(s) (C-Hy), 2222(m) (C=N), 1599(s) (Ar),
1492(s) (Ar) cm™.
MS Not Obtained

1-[10-(4’-Cyanobiphen-4-yloxy)decyl-1-oxy-|-2-[5-(4’-cyanobiphen-4-yloxy)pentyl-1-

oxy-]-benzene

99
C4sHs5:N,04
706.93

Rf 0.50; 100% DCM [1 spot by TLC]

'HNMR (400 MHz, CDCLy): 8 7.61 (4H, d, J = 8.6 Hz, C;H, CgH), 7.55 (4H, d, J =
8.6 Hz, C3H, C-H), 7.44 (4H, d, J = 8.8 Hz, CoH, C13H), 6.91 (4H, d, ] = 8.8
Hz, CioH, CioH), 6.82 (4H, s, CosH), 3.84-4.02 (41, t, ] = 6.5 Hz, O-C14Ha,
Cy3H,-0, Ci43Hz-0, O-Cyiy7Hy,), 1.23-1.52 (22H, m, 8H, m, C;sH,, C;sH,,
Ci7Hz, CisHy, Ci9Ha, CyoHa, Ca1Ha, CooHy, Ciastl, CrasHa, Cig6Hz) ppm.

BCNMR (100 MHz, CDCly): 8¢ 158.8 (¢, Cri(Arca)), 148.2 (q, Cag/Car(Arca)), 149.0
(q, C26/C31(Arca)), 145.3 (q, Cs(Arcp)), 132.6 (t, C3(Arcp), Cs(Arcp)), 131.3
(q, Cs(Arcp)), 128.3 (t, Co(Arcp), Cis(Arcg)), 127.1 (t, Ca(Arcg), Ce(Arcn)),
121.2 (t, Cy7/Cso(Arca)), 121.0 (t, Cy7/Csp(Arca)), 119.1 (q, C1(CN)), 115.1
(t, Cio(Arcp), Cra(Arcp)), 114.2 (t, Cas/Cr9 (Arcar)), 114.0 (1, Cas/Ca9 (Arcar)),
110.0 (q, C2(Arcn)), 69.2 (s, C23/Ci47(Cat-O-CHy)), 69.0 (s, C3/C147(Cat-O-
CH,)), 68.1 (s, C14/Cy43(CB-0-CHy)), 68.0 (s, C14/C143(CB-0O-CH,)), 29.0-
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29.5 (s, Ci5.23(CHy), Crag146(CH2)), 26.1 (s, Ci523(CHy), Craq146(CHa)), 22.7
(s, Ci5.23(CH>), Cia4-146(CH2)) ppm.

IR (Solid) Vinax: 2919(s) (C-Hy), 2848(s) (C-Hy), 2220(s) (C=N), 1597(s) (Ar),
1492(s) (Ar) cm’™.

EIMS:  m/z 706 (IM]", 20%), 512 ([C35H43NOs]", 5%), 458 ([C31H3/NO3]", 5%), 333
([C23H2sNOT", 6%), 264 ([C15HsNOs]", 79%), 195 (JC13HoNOT', 50%), 110
([C¢Hs02]", 27%), 69 ([CsHol ", 100%)).

7.5.4. F,BOnBr; a-(2,4’-difluorobipheny-4-oxy)alkyl-o-bromide

n Temperature /°C Mass Yield
mp g %
4 oil 0.916 46
5 oil 1.18 68
6 53 1.12 63
7 oil 1.51 81
8 53 0.97 50
9 oil 1.01 51
10 53 1.12 54
1" oil 0.431 20

1-(2,4’-Difluorobipheny-4-oxy)octyl-8-bromide

106 108 110 112 Br

100
C20H23BFF20
397.31

Procedure

To a stirred solution of 2,4’-diflurobiphenyl-4-ol (1.00 g, 4.85 mMol) in acetone (40 mL)
was added solid potassium carbonate (1.74 g, 10.67 mMol, 2.2 eq) as one portion. The
stirred mixture was heated to reflux for 1 h under nitrogen and subsequently allowed to
cool to room temperature before the addition of 1,8-dibromooctane (8.9 mL, 48.5 anol,
10 eq) in a single portion. The mixture was then heated back to reflux and stirred for an
additional 4 days. The filtrate was then concentrated in vacuo and the remaining
suspension was partitioned between water (50 mL) and DCM (50 mL). The organic layer
was removed and the aqueous layer was washed with DCM (3 x 40 mL). The organics
were combined, dried over MgSQOy, filtered and the solvent was removed in vacuo. Most

of the excess dibromooctane was removed by distillation (87°C, 18 mbar) to give the
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crude dark yellow product. This was purified by flash column chromatography (silica gel,

40 mm x 70 mm; 0-20% DCM / 40-60 petroleum) to give 100 as a translucent white solid

(0.97 g, 2.44 mMol, 50.5%).

Rf 0.64 ;10% DCM / 40-60 petroleum [ spot by TLC]

"HNMR (300 MHz, CDCls): 8y 7.33-7.43 (2H, m, CyoH, CyoH), 7.21 (1H, t, ] = 9.0
Hz, C4H), 7.03 (2H, t, J = 8.9 Hz, C;0H, C43H), 6.68 (1H, dd, (J = 8.6 Hz,
2.6 Hz), C45Hy), 6.62 (1H, dd, (J = 12.6 Hz, 2.6 Hz), C4cHy), 3.90 (2H, t, 6.5
Hz, O-Cy06Hz), 3.34 (2H, t, 6.8 Hz, C;;3H,Br), 1.65-1.87 (4H, m, Cio7Hz,
Ci12Hy), 1.21-1.50 (8H, m, CyogHa, Ci9H2, Ci10H2, Ci11H3) ppm.

BCNMR (75 MHz, CDCl3): 8¢ 163.7 (q. Cas-F(Ar)), 162.0 (q, Css-F(Ar)), 159.9 (q.
Cy47(Ar)), 131.7 (q, Cya(Ar)), 130.8 (t, C4o/Ca2(Ar)), 130.4 (t, C4o/Cp2(Ar)),
120.8 (q, Cq1(Ar)), 115.4 (t, C46/Cas(Ar)), 115.2 (t, Cue/Cys(Ar)), 110.9 (1,
Cyo(Ar)), 102.7 (t, C43/Cse(Ar)), 102.4 (t, C43/C39(Ar)) 68.4 (s, C106(OCHo)),
33.9 (s, Ciuz (CH2Br)), 32.8 (s, Cio7.112 (CH2Br)), 29.1 (s, Cio7-112 (CHy)),
28.7 (s, Cio7-112 (CH2)), 28.1 (s, C1o7-112 (CHy)), 25.9 (8, Cio7.112 (CH2)) ppm.

YF NMR (282 MHz, C¢Fe): 8¢ -115.5 (C-F(Ar)), -115.9 (C-F(Ar))

IR (Film) viax: 2920(s) (C-Hy), 2852(m), 1622(s) (Ar), 1600(s) (Ar), 1572(m),
741(s) (C-Br) em™.

EIMS m/z 397 (IM]", 9%), 316 ([CaoHa3F20]", 5%), 206, ([CsH 017, 100%), 177
([C12H707", 16%), 69 ([CsHs] ™, 15%), 55 ([C4H7]", 13%)

Elemental Analysis: CyHy;BrF,0: (Expected) C 60.41, H 5.79, N 0.00; (Found) C
60.47, H 5.79, N 0.00

1 -(2,4’-Difluorobipheny-4-oxy)butyl-4-bromide

107 109

108 Br
101
C]ﬁH]sBl‘on
341.20
Rf 0.55 ;10% DCM / 40-60 petroleum [1 spot by TLC]

THNMR (300 MHz, CDCls): 8y 7.33-7.42 (2H, m, C40H, C4oH), 7.20 (2H, t, J = 9.0
Hz, C4wH), 7.02 (1H, t, J = 9.0 Hz, Cs¢H, C43H), 6.62 (1H, dd, (J = 8.4 Hz,
3.3 Hz), C43H3), 6.63 (1H, dd, (J = 12.6 Hz, 3.3 Hz), C4sH3), 3.94 (2H, t, 6.0
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BC NMR

YF NMR
IR

MS

Hz, O-CiosHy), 3.94 (2H, t, 6.5 Hz, CiogH;Br), 1.78-2.08 (4H, m, C,o7Ha,
CiosHy) ppm.

(75 MHz, CDCl3): 8¢ 163.7 (q, Cus-F(Ar)), 161.7 (q, Css-F(Ar)), 159.4 (q,
Ca7(AD), 131.6 (g, Cas(Ar)), 130.9 (t, C4o/Cax(AD)), 130.4 (1, C4o/Car(AD)),
120.5 (g, Ca1(Ar)), 115.4 (t, C4/Cas(Ar)), 115.1 (t, C46/Cas(Ar)), 110.8 (t,
Cuo(Ar)), 102.8 (t, C43/Cao(Ar)), 102.4 (t, C43/Cso(Ar)) 67.3 (s, C106(OCH,)),
33.2 (s, Cioo (CH2BI)), 29.4 (s, C147, 108 (CH2)), 27.8 (s, C147, 103 (CH,)) ppm.
(282 MHz, C¢Fe): 8¢ -115.4 (C-F(Ar)), -115.8 (C-F(Ar))

(Film) vimax: 2911(s) (C-Hy), 2849(m), 1622(w) (Ar), 1572(w), 741(s) (C-
Br) cm™.

Not Obtained

1 -(2,4’-Difluorobipheny-4-oxy)pentyl-5-bromide

Rf
'"H NMR

BCNMR

Yp NMR

O A A B
102
C17H17B1‘F20
355.23

0.55 ;10% DCM / 40-60 petroleum [1 spot by TLC]

(300 MHz, CDCls): 8y 7.33-7.43 (2H, m, CsoH, C2oH), 7.22 2H, t, J =9.0
Hz, C4H), 7.03 (1H, t, J = 8.8 Hz, C3oH, C43H), 6.69 (2H, dd, (J = 8.6 Hz,
2.6 Hz), C4sHy), 6.63 (2H, dd, (J = 12.5 Hz, 2.4 Hz), C4sHz), 3.92 (2H, t, 6.7
Hz, O-Cio6H,), 3.42 (2H, t, 6.0 Hz, CipH,Br), 1.70-1.94 (4H, m, Cy7H,,
CiooHy), 1.57 2H, m, C,osHz) ppm.

(75 MHz, CDCls): 8¢ 163.7 (q, Cys-F(Ar)), 161.8 (q, Css-F(Ar)), 159.7 (q,
Cy7(Ar)), 131.8 (q, Cys(Ar)), 130.9 (t, C4/Cy2(Ar)), 130.4 (t, Csp/Cya(Ar)),
120.5 (q, Cq(Ar)), 1154 (t, Cye/Cag(Ar)), 115.2 (t, Cye/Cas(Ar)), 110.8 (t,
Cyo(Ar)), 102.7 (t, C43/C3o(Ar)), 102.4 (t, C43/C39(Ar)), 68.0 (s, C196(OCHo)),
33.4 (s, C119 (CH,Br)), 32.4 (s, Cio7-100 (CHa)), 28.3 (s, Cio7-100 (CHy)), 24.8
(s, Cro7-109 (CH2)) ppm.

(282 MHz, CgF¢): d¢ -115.5 (C-F(Ar)), -116.0 (C-F(Ar))
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IR (Film) Vi 2916(s) (C-Hy), 2850(m) (C-Hy), 1623(w) (Ar), 1599(s) (Ar),
1571(m), 742(s) (C-Br) cm™.

EIMS m/z 354 (IM]", 9%), 274 ([C17H7F20]", 10%), 206, ([C1sH,,0]", 100%), 177
(IC12H170]", 26%), 69 ([CsHo] *, 48%), 41 ([C3Hs]", 21%)

1 -(2,4’-Difluorobipheny-4-oxy)hexyl-6-bromide

107 108 111

106 108 10 Br
103
C13H19B1‘F20
369.25
Rf 0.57 ;10% DCM / 40-60 petroleum [1 spot by TLC]

THNMR (300 MHz, CDCls): 8y 7.32-7.52 (2H, m, C4H, C4oH), 7.21 (1H, t, J = 8.8
Hz, C4H), 7.03 (2H, t, J = 8.8 Hz, C3oH, C43H), 6.65 (2H, dd, (J = 8.5 Hz,
3.3 Hz), C4sHa), 6.65 (2H, dd, (J = 12.3 Hz, 2.9 Hz), C4Hy), 3.91 (2H, t, 6.4
Hz, O-Ci06Hy), 3.36 (2H, t, 6.8 Hz, C;;H,Br), 1.66-1.90 (4H, m, Cjo7Hs,
C110Hy), 1.37-1.52 (4H, m, C0sHa, C109Hy) ppm.

BC NMR (75 MHz, CDCl3): 8¢ 163.7 (q, Css-F(Ar)), 161.8 (q, C3s-F(Ar)), 159.7 (q,
Ca(AD), 131.8 (q, Cas(AD), 130.8 (1, C4o/Cia(AD)), 130.4 (t, C4o/Caz(Ar)),
120.5 (q, Ca1(Ar)), 115.5 (1, C46/Cus(Ar)), 115.2 (t, C46/Cus(Ar)), 110.9 (8,
Cao(AD)), 102.7 (t, Cy43/Cso(Ar)), 102.4 (t, Cy3/C39(Ar)) 68.2 (s, C196(OCH,)),
33.7 (s, Cy11 (CH3BN)), 32.7 (5, Cio7-110 (CH2)), 29.0 (s, Cro7.110 (CHy)), 27.9
(s, Cro7-110 (CH2)), 25.3 (s, C1o7.110 (CH2)) ppm.

PF NMR (282 MHz, C4Fe): 8¢ -115.5 (C-F(Ar)), -115.9 (C-F(Ar)) ppm.

IR (solid) Vimax: 2937(s) (C-Hy), 2857(m), 1623(m) (Ar), 1600(s) (Ar), 1520 (w)
(Ar), 740(s) (C-Br) cm™.

EIMS  m/z 368 (IM]", 9%), 288 ([CisH oF20]", 6%), 206, ([C1sH;;0]", 100%), 177
([C12H170]", 20%), 69 ([CsHol ™, 2%), 55 ([C4H7]", 19%)

1 -(2,4’-Difluorobipheny-4-oxy)heptyl-7-bromide



104
C19H21BI’F20
383.28

Rf 0.62 ;10% DCM / 40-60 petroleum [ spot by TLC]

'"HNMR (300 MHz, CDCls): 8 7.30-7.48 (2H, m, CyoH, CoH), 7.21 (1H, t, J = 9.0
Hz, C4oH), 7.02 (2H, t, J = 8.8 Hz, C3oH, Cy3H), 6.67 (2H, dd, J = 9.0 Hz,
2.6 Hz, C4sHy), 6.61 (2H, dd, J = 12.3 Hz, 2.3 Hz, C4sH,), 3.89 QH, t, 6.4
Hz, O-Cyo6Hy), 3.34 (2H, t, 6.8 Hz, C;1,H,Br), 1.64-1.87 (4H, m, Co7H;,
Cy11Hy), 1.24-1.53 (6H, m, C 0sHa, C99H3, C10Hz) ppm.

BCNMR (75 MHz, CDCly): 8¢ 163.7 (q, Ces-F(A1)), 161.8 (q, Css-F(Ar)), 159.7 (q.
Cy7(AD)), 131.8 (g, Caa(Ar)), 130.9 (1, C4o/Ca2(A1)), 130.4 (t, Ca/Ci2(AD)),
120.3 (g, C41(AD)), 115.4 (t, C46/Cag(Ar)), 115.2 (t, C46/Cag(Ar)), 110.8 (1,
Cao(Ar)), 102.7 (t, C43/C3o(Ar)), 102.4 (t, C43/C3o(Ar)) 68.3 (s, C106(OCH,)),
33.8 (s, Ci12 (CHaBr)), 32.7 (s, Cro7111 (CH2)), 29.0 (s, Cyo7.111 (CHy)), 28.5
(s, Cro7-111 (CH2)), 28.0 (s, Cio7-111 (CH2)), 25.9 (8, C1o7.111 (CHy)) ppm.

YF NMR (282 MHz, CgF¢): 8¢ -115.4 (C-F(Ar)), -115.8 (C-F(Ar)) ppm.

IR (Film) Vmax: 2930(s) (C-Hy), 2854(m) (C-H,), 1622(s) (Ar), 1602(m) (Ar),
1568(w), 740(s) (C-Br) cm™".

EIMS m/z 384 (IM]", 10%), 302 ([C19H2,F20]", 5%), 206, (|C15H;,0]", 100%), 177
([C12H 701", 17%), 55 ([C4H7]", 21%)

1 -(2,4’-Difluorobipheny-4-oxy)nonyl-9-bromide

107 109 1M1 113

Br
“ 105
Cz]stBl‘FzO
411.33
Rf 0.67 ;10% DCM / 40-60 petroleum [1 spot by TLC]

'THNMR (300 MHz, CDCL3): 8y 7.32-7.44 (2H, m, C4H, C,oH), 7.21 (1H, t, J = 8.8
Hz, C4oH), 7.02 (2H, t, J = 8.8 Hz, C3oH, C43H), 6.67 (1H, dd, (J = 8.6 Hz,
2.5 Hz), CasHy), 6.62 (1H, dd, (J = 12.4 Hz, 2.6 Hz), C4sHs), 3.89 (21, t, 6.5
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Hz, O-Cip6Hy), 3.33 (2H, t, 6.8 Hz, C1sH,Br), 1.63-1.86 (4H, m, Cio7H,,
Ci13Hy), 1.14-1.49 (10H, m, CyosHz, Cio9Ha, C110Ha, C111Ha, Cr12Hy) ppm.
BCNMR (75 MHz, CDCl3): 8¢ 163.7 (q, Cas-F(AD), 161.8 (q. Cas-F(Ar)), 159.9 (q,
Cs(AD)), 131.8 (g, Caa(AD)), 130.8 (t, Cao/Caa(Ar)), 130.4 (1, C4o/Caa(AD)),
120.5 (q, Ca1(Ar)), 115.4 (t, Cae/Cas(Ar)), 1152 (t, C4e/Cas(Ar)), 110.9 (t,
Cao(Ar)), 102.7 (t, C43/Cao(Ar)), 102.4 (t, C43/Cs9(Ar)) 68.4 (s, C106(OCH,)),
34.0 (s, C113 (CH2Br)), 32.8 (s, Cio7.112 (CH2)), 29.3 (s, Cio7.112 (CHy)), 28.7

(s, Cro7-112 (CH2)), 28.1 (8, Cro7-112 (CH2)), 26.0 (s, Cyo7.112 (CHy)) ppm.
YF NMR (282 MHz, C¢Fe): 8¢ -115.5 (C-F(Ar)), -115.9 (C-F(Ar))

IR (Film) Vi 2922(s) (C-H,), 2852(m), 1622(s) (Ar), 1600(s) (Ar), 1571(m),

740(s) (C-Br) cm™.

EIMS m/z 412 (IM]", 9%), 330 ([C21HasF20]", 5%), 206, ([C1sH110]", 100%), 177
([C12H707", 13%), 69 ([CsHol 7, 10%), 55 ([CsH7]", 13%), 55 ([C4H7]",

11%).

1 -(2,4’-Difluorobipheny-4-oxy)decyl-10-bromide

107 108 111 113 115

106 108 10 12 114 Br

106
C22H27BFF20
425.36

Rf 0.67 ;10% DCM / 40-60 petroleum [ spot by TLC]

'"HNMR (300 MHz, CDCl3): 8y 7.32-7.45 (2H, m, C4oH, CooH), 7.21 (1H, t, ] = 8.8
Hz, C4H), 7.03 (2H, t, J = 8.9 Hz, CuH, C4sH), 6.68 (1H, dd, (J = 8.6 Hz,
3.1 Hz), C4sH3), 6.62 (1H, dd, (J = 12.6 Hz, 2.1 Hz), C4H,), 3.90 (2H, t, 6.9
Hz, O-CipH>), 3.33 (2H, t, 6.9 Hz, C;4H,Br), 1.65-1.85 (4H, m, C,p7H,,
Cii4Hp), 1.13-1.48 (12H, m, CiosHa, CiooH2, C110Ha2, Ci11Ha, Ci12Ha, Cii3Hy)

BCNMR (75 MHz, CDCl3): 8¢ 163.8 (q, Cas-F(Ar)), 161.9 (q, Css-F(Ar)), 159.8 (q,
Co(AD), 132.0 (q, Caa(Ar)), 130.8 (t, Cao/Ca(Ar)), 130.4 (t, Cao/Car(Ar)),
120.5 (q, C41(AD), 115.4 (1, C46/Cys(Ar)), 115.2 (t, C46/Cus(Ar)), 110.9 (t,
Cas(Ar)), 102.7 (t, C43/Co(Ar)), 102.3 (t, C43/C39(Ar)) 68.4 (5, C196(OCH,)),
34.0 (s, Cy1s (CH2Br)), 32.8 (s, Cig7.114 (CH2)), 29.5 (s, Cio7-114 (CHa)), 29.4
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(s, Cro7-114 (CHy)), 28.7 (s, Cio7-114 (CH2)), 28.2 (8, Cro7-114 (CHy)), 26.0 (s,
C107-114 (CH2)) ppm.

F NMR (282 MHz, CeFe): 8¢ -115.5 (C-F(Ar)), -115.9 (C-F(Ar))

IR (Film) Vinax: 2921(s) (C-Hy), 2852(m), 1622(s) (Ar), 1601(s) (Ar), 1572(m),
742(s) (C-Br) em™.

EIMS m/z 438 (IM]", 9%), 345 ([C21HasF2OT", 5%), 206, ([CisH;0]", 100%), 177
([C12H1701", 10%), 69 ([CsHol *, 11%), 55 ([CsHil", 21%), 55 ([C4HA]",
21%), 41 ([C5Hs]™, 21%).

1 -(2,4’-Difluorobipheny-4-oxy)undecyl-11-bromide

107 109 11 113 s "7

Br
11 114 116 107
C23Hngl‘F20
439.39
Rf 0.34; 100% 40-60 petroleum [1 spot by TLC]

"HNMR (300 MHz, CDCly): 8 7.34-7.43 (2H, m, C43H, C47H), 7.21 (1H, t, ] = 8.8
Hz, C4oH), 7.03 (2H, t, J = 8.8 Hz, C3oH, C3H), 6.68 (1H, dd, (J = 8.4 Hz,
2.6 Hz), C4sHa), 6.62 (1H, dd, (J = 12.4 Hz, 2.4 Hz), C46Ha), 3.90 2H, t, 6.5
Hz, O-Cio6Ha), 3.34 (2H, t, 6.9 Hz, C,;sH;Br), 1.65-1.86 (4H, m, C;o7H,,
CiisHa), 1.14-1.50 (14H, m, C pgHa, Cio9Hy, Ci10Ha, Ci11Hy, Ci1oHy, C13Ha,
Ci14Hz) ppm.

BCNMR (75 MHz, CDCls): 8¢ 163.7 (q, Css-F(Ar)), 161.8 (q, Css-F(Ar)), 159.9 (q,
Ca(Ar)), 131.8 (g, Cus(AD)), 130.8 (t, C40/Caz(Ar)), 130.4 (t, C4/Caa(Ar)),
120.1 (q, Cai(Ar), 115.4 (t, Cs6/Css(Ar)), 115.2 (t, C4/Cas(Ar)), 110.9 (t,
Cao(Ar)), 102.7 (1, Ca3/Co(Ar)), 102.4 (t, C43/Cs9(Ar)) 68.4 (s, Co6(OCH,)),
34.0 (s, C116 (CHaB)), 32.8 (s, Cig7-115 (CH2)), 29.4 (s, Cior.115 (CHy)), 29.3
(s, C1o7-115 (CHa)), 29.1 (s, Cror-11s (CH2)), 28.7 (s, Cror-11s (CHa)), 28.2 (s,
C107-115 (CH2)), 26.0 (s, Cyo7.115 (CH2)) ppm.

F NMR (282 MHz, C¢F¢): 8¢ -115.5 (C-F(Ar)), ~115.9 (C-F(Ar))

IR (Film) Vimax: 2924(s) (C-Hy), 2850(m), 1620(s) (Ar), 1604(s) (Ar), 1572(m),
743(s) (C-Br) cm’".
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EIMS m/z 345 ([C21H25F-01", 3%), 207, ([C15H 101, 10%), 167 ([C1oHa,]", 10%),
149 ([C1oH 507", 10%), 69 ([CsHo] *, 13%), 55 ([C4H7]", 23%), 57 ([C4Ho]",
22%), 41 ([C3Hs]", 20%).

7.5.5. Cat(OnOCB)(OnOBF3,); 1-[a-(4’cyanobiphen-4-yloxy)alkyl-®-oxy-]-2-
[a-(2,4’-difluorobiphenyl-4-yloxy)alkyl-m-oxy-]-benzene

n Temperature /°C Mass Yield
Cr N | mg %
4 | 158 ® (85) e 269 24
5 ° 86 ° ° 129 38
6 o 106 o (78) ° 160 48
7 ° 46 e ° 100 30
8 o 101 e (74) o 97 30
9 ° 56 ° (34) ° 403 49
10 ° 86 o (71) ® 176 21
11 ® 65 o (53) o 290 23

1-[1-(4’-Cyanobiphen-4-yloxy)octyl-8-oxy-}-2-[1-(2,4’-difluorobiphenyl-4-yloxy)

octyl-8-oxy|benzene

108
Cy47H51FNOy
731.93

Procedure:

To a suspension of activated sodium hydride (131 mg, 2.40 mMol, 44.5% solution in
mineral oil, 5 eq) in DMF (40 mL) was added 1-[1-(4’cyanobiphen-4-yloxy)octyl-8-oxy]-
2-hydroxybenzene (201 mg, 0.48 mMol, 1 eq) in the presence of nitrogen. This mixture
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was stirred at 100°C for 30 min and then cooled to room temperature for the addition of
the 1-(2,4’-difluorobipheny-4-oxy)octyl-8-bromide (420 mg, 1.06 mMol, 2.2 eq) and
subsequently a catalytic quantity of sodium iodide (80 mg). Almost immediately on
adding the catalyst the solution changed colour to yellow/orange. The reaction mixture
was brought back to 100°C and stirred at this temperature for 5 days. The reaction was
cooled to room temperature and the remaining hydride was quenched using ice water.
The aqueous mixture was washed with DCM (3 x 50 mL). The combined DCM extracts
were dried over MgSQy, filtered and the solvents, including the DMF, were removed in
vacuo. The crude material was purified by column chromatography (40 x 70 mm, silica,
20 - 50% DCM / 40-60 petroleum to yield a white microcrystalline solid 108 (97 mg,
0.14 mMol, 30%).
Rf 0.72; 100% DCM [1 spot by TLC]
'HNMR (400 MHz, CDCl3): 8y 7.60 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.55 (2H, d, J =
8.6 Hz, C3H, C;H), 7.44 (2H, d, J = 8.8, CoH, C;3H), 7.31-7.40 (2H, m,
CyoH, CoH), 7.18 (1H, dd, J = 11.3, 8.6 Hz, Hz, C4H), 7.03 (2H,t,J = 8.8
Hz, CsoH, C43H), 6.89 (2H, d, J = 8.1 Hz, CoH, CixH), 6.82 (4H, s, Cy6H,
Cy7H, CogH, CyoH), 6.65 (1H, dd, J = 8.6, 3.0 Hz, C4sH), 6.59 (1H, dd, J =
12.0, 2.6 Hz, CyH), 3.80-4.01 (8H, m, O-Ci4H,, O-C51H,, O-CipsHz, O-
Cy13Hy), 1.70-1.81 (8H, m, C;sH,, CyoHa, Cip7Hz, Ci12Hz), 1.36-1.59 (16H,
m, CisHa, C17H,, CisHa, CioHz, CiosHa, CrooHz, Ci10Hz, Cy11Hz) ppm.
BCNMR (75 MHz, CDCL): 8¢ 159.8 (q, Cu(Ar)), 158.5 (q, Ce(Ar)), 149.2 (q,
Cas(Ar), C31(Ar)), 1453 (g, Cs(Ar)), 132.6 (t, C3 (Ar), C(Ar)), 131.3 (q,
Cg(Ar)), 130.8 (g, Cy(Ar)), 130.8 (t, Cqo/Ca2(Ar)), 130.3 (t, Cao/Cya(Ar)),
128.3 (t, C4(Ar), C¢(Ar)), 127.1 (t, Co(Ar), Cis(Ar)), 121.1 (t, Cyr,
Cso(Arca)), 119.1 (g, C(CN)), 115.4 (t, C46/Cas(Ar)), 115.2 (t, C46/Cas(Ar)),
115.1 (t, Cio(Ar), Cia(Ar)), 114.6 (t, Cas/Cy9 (Atca)), 114.2 (t, C25/Cog
(Arca)). 110.9 (t, Cyo(Ar)), 110.1 (g, C2(Ar)), 102.7 (t, C43/C39(Ar)), 102.3 (t,
Cy3/C39(Ar)), 69.2 (s, Ci4, Cro6(OCH,)), 68.3 (s, C21/C113(OCH3)), 68.0 (s,
C21/C113(OCHy)), 29.3 (s, Ci5.21(CHy), Cip7-112(CHa)), 29.2 (s, Ci517(CHa) ,
C107-112(CHy)), 29.1 (s, Ci547(CH2) , Cio7.112(CHp)), 26.0 (s, Ci5.17(CHa) ,
C1o7-112(CHz)) ppm.
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Note: No Peak found for Csg(Ar), C41(Ar), Cys(Ar)
IR Not Obtained

MS: Not Obtained
Elemental Analysis: C47Hs, Fo;NO4: (Expected) C 77.06, H 6.97, N 1.91; (Found) C

77.00, H 7.00, N 1.93

1-[1-(4’-Cyanobiphen-4-yloxy)butyl-4-oxy-]-2-[1-(2,4’-difluorobiphenyl-4-yloxy)
butyl-4-oxy]benzene

109
C30H35F,NO,
619.71

Rf 0.61; 100% DCM [1 spot by TLC]

"HNMR (300 MHz, CDCls): 8y 7.28-7.66 (9H, m, C;H, C;H, C4H, C;H, CoH, C3H,
CuoH, CoH, CsoH), 7.01 (2H, t, ] = 8.8 Hz, C3H, C43H), 6.74-6.95 (6H, m,
CioH, CpoH, CogH, Co7H, CogH, CooH), 6.74-6.95 (2H, m, CaH, C4H), 3.89-
4.03 (8H, m, O-C4H,, 0-Cj7H,, 0-CigsHa, O-CiooHy), 1.83-2.06 (8H, m,
CisH,, Ci6Ha, Cio7Ha, CiogHz) ppm.

BCNMR (75 MHz, CDCL): 8¢ 159.7 (q, Ciu(Ar)), 158.4 (q, Cy(Ar)), 149.0 (q,
Cas(Ar), C31(AD)), 145.2 (q, Cs(Ar), 132.6 (t, Cs3 (Ar), C«(Ar)), 131.4 (q.
Cs(Ar)), 130.8 (q, Csa(Ar)), 130.8 (t, C4o/Car(Ar)), 130.3 (t, C4o/Car(Ar)),
128.4 (1, C4(Ar), Cs(A1)), 127.0 (t, Co(Ar), C13(Ar)), 121.6 (t, Co7/Csp(Arca)),
121.3 (t, Ca7/Cso(Arcar)), 119.1 (q, C1(CN)), 115.5 (t, Cye/Cag(Ar)), 115.2 (8,
Cas/Cas(Ar)), 115.1 (t, C1o(Ar), C12(Ar)), 114.6 (1, Cag/Cao (Arcy)), 114.1 (1,
Ca8/Cao (Atcr)), 111.7 (1, Cao(AD)), 110.9 (q, Ca(Ar)), 102.7 (t, C43/Co(Ar)),
102.3 (t, Ca3/Cso(Ar)), 68.7 (s, C14/C106(OCH,)), 68.4 (s, C14/C106(OCH,)),
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68.0 (s, Ci7/Croo(OCH,)), 67.5 (s, C17/Croo(OCH2)), 26.1 (s, Cis16(CHy),
26.0 (s, Ci5,16(CH>)) ppm.

Note: No Peak found for Czg(Ar), Cy41(Ar), Cys(Ar)
YF NMR (282 MHz, C4Fs): 8¢ -115.5 (C-F(Ar)), -116.0 (C-F(Ar)) ppm

IR

EIMS:

(Solid) Vmac: 2951(m) (C-Hy), 2872(m) (C-Hy), 2223 (m) (C=N), 1596(s)
(Ar), 1492(s) (Ar) cm’.

m/z 619 (IM]", 23%), 414 ([CasHasF205]%, 3%), 250 ([C1gH;50]", 100%), 208
(IC1sH 3017, 100%), 178 ([Ci1oH7FO,]", 92%), 151 ([CoHgFOI", 28%), 55
([C4H7] ™, 12%)

1-[1-(4’-Cyanobiphen-4-yloxy)pentyl-5-oxy-|-2-[1-(2,4’-difluorobiphenyl-4-yloxy)

pentyl-5-oxy]benzene

7

Rf
"H NMR

111
CyH30F,NOy
647.77

0.64; 100% DCM [1 spot by TLC]

(300 MHz, CDCls): 84 7.59 (2H, d, J = 8.5 Hz, C4H, CsH), 7.53 (2H, d, ] =
8.6 Hz, C;H, C-H), 7.41 (2H, d, J = 8.8, CoH, Ci3H), 7.31-7.39 (2H, m,
CyoH, CpoH), 7.18 (1H, t, ] = 8.4 Hz, C4H), 7.01 (2H, t, ] = 8.8 Hz, C3oH,
Cy3H), 6.88 (2H, d, J = 8.8 Hz, C,oH, Ci,H), 6.83 (4H, s, C6H, Co7H, CysH,
CyoH), 6.64 (1H, dd, J = 8.6, 3.1 Hz, CsgH), 6.59 (1H, dd, J = 12.0, 2.6 Hz,
CysH), 3.83-4.02 (8H, m, O-C4H;, O-CigH;, O-Cjo6Ha, O-Ci10H2), 1.73-1.91
(8H, m, CisH,, C7H,, Cio7H,, CipoHa), 1.73-1.91 (4H, m, CisHy, CiosHa)
ppm.
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BCNMR (75 MHz, CDCL): 8¢ 159.7 (q, Cu(Ar)), 158.4 (q, Car(Ar)), 149.1 (q,
Ca(Ar), C31(Ar)). 1452 (q, Cs(Ar), 132.5 (1, C3 (Ar), C+(AD), 131.3 (q.
Cs(Ar)), 130.8 (q, Cas(A1)), 130.8 (1, Cao/Caa(Ar)), 130.3 (t, C49/Car(Ar)),
1283 (t, C4Ar), Cg(Ar)), 127.0 (t, Co(Ar), Ci3(Ar), 121.6 (t, Car,
Cso(Arca)), 119.1 (q, C1(CN)), 115.5 (t, C46/Cag(Ar)), 115.2 (t, C46/Cas(Ar)),
115.1 (t, Cio(Ar), Cra(Ar)), 114.6 (t, Cas/Cao (Arcyy)), 114.2 (t, Cag/Cao
(Arca), 110.8 (t, Cao(Ar)), 110.1 (q, Ca(Ar)), 102.7 (t, C43/Cso(Ar)), 102.4 (1,
C43/C3o(AD), 69.0 (s, Cr4, Cro6(OCH,)), 68.3 (s, Ci3/C110(OCH,)), 68.0 (s,
C15/C110(OCHy)), 29.1 (s, Ci547(CHy)), 29.0 (s, Cis.17(CHy)), 28.9 (s, Cis.
17(CHa)), 22.8 (s, C1s5.17(CHa)) ppm.

Note: No Peak found for Czg(Ar), C41(Ar), Cys(Ar)

YF NMR (282 MHz, C¢Fe): 8¢ -115.4 (C-F(Ar)), -115.8 (C-F(Ar)) ppm

IR (Solid) Vamax: 2944(m) (C-Hy), 2872(m) (C-Hy), 2217(m) (C=N), 1600(s)
(Ar), 1491(s) (Ar) em™.

EIMS  m/z 345 ([Ca1HasF207", 1%), 279 ([CooH1s0]", 6%), 207 ([C15H1, 017, 10%),
167 ([C12Ha]", 32%), 149 (JC1oH,;50]", 100%), 69 ([CsHe]", 10%), 57

>

([C4Ho]", 29%), 41 ([C5Hs]', 19%).

1-[1-(4’-Cyanobiphen-4-yloxy)hexyl-6-oxy-]-2-[1-(2,4’-difluorobiphenyl-4-yloxy)
hexyl-6-oxy|benzene 7

3 O 8 16 i
Lo 0T 112
= 0 CysHy3FNOy
NG 675.83

Rf 0.64; 100% DCM
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'"H NMR

BC NMR

(400 MHz, CDCL): 8 7.60 (2H, d, ] = 8.4 Hz, C;H, CgH), 7.54 (2H, d, J =
8.5 Hz, CsH, C;H), 7.43 (2H, d, J = 8.8, CoH, C3H), 7.32-7.40 (2H, m,
CaoH, CoH), 7.18 (1H, dd, J = 11.3, 8.6 Hz, Hz, CsH), 7.01 (2H, t. ] = 8.8
Hz, Cs3oH, C43H), 6.89 (2H, d, J = 7.5 Hz, C,oH, C2H), 6.82 (4H, s, CysH,
Cy7H, CosH, CoH), 6.65 (1H, dd, J = 8.6, 3.1 Hz, C4sH), 6.60 (1H, dd, J =
12.0, 2.6 Hz, Cy4H), 3.79-3.99 (8H, m, O-CsH,, O-CH;, O-CysH;, O-
Cy11Hy), 1.68-1.83 (8H, m, CysHy, C1gHa, CiosHa, CrioHy), 1.39-1.54 (8H, m,
Ci6Hz, C17Ha, CiosHaz, CiooHz) ppm.

(75 MHz, CDCl3): 8¢ 159.8 (q, Cu(Ar)), 158.5 (q, Cy(Ar)), 149.2 (q,
Ca(Ar), Cs1(Ar)), 145.3 (q, Cs(Ar)), 132.5 (t, Cs (Ar), C+(Ar)), 131.3 (q,
Cg(Ar)), 130.8 (g, Cas(Ar)), 130.8 (t, Cso/Ca2(Ar)), 130.3 (t, Cyp/Ca2(Ar)),
128.3 (t, C4(Ar), Ce(Ar)), 127.0 (t, Co(Ar), Ciz3(Ar)), 121.2 (t, Cy,
Cso(Arca), 119.1 (g, C1(CN)), 115.5 (1, Cye/Cus(Ar)), 115.2 (t, Cye/Cag(Ar)),
115.1 (t, Cyo(Ar), Ci2(Ar)), 114.6 (t, Ca8/Cro (Arcar)), 114.2 (t, Ci8/Coo
(Arca)), 110.8 (t, Cyo(Ar)), 110.1 (q, Ca(Ar)), 102.7 (t, C43/Cs9(Ar)), 102.3 (4,
Cy3/C39(AD)), 69.1 (. Ci4. Cro6(OCH,)), 68.3 (s, Cio/C111(OCH,)), 68.0 (s,
C17/Ci1y(OCH)), 29.3 (s, Cy5.18(CH2)), 29.2 (5, Cisas(CHo)), 28.1 (s, Cis.
18(CHy)), 25.9 (s, Cy5.18(CHz)) ppm.

Note: No Peak found for C3zg(Ar), C41(Ar), Cys(Ar)

PF NMR
IR

EIMS

(282 MHz, CFg): 8¢ -115.4 (C-F(Ar)), -115.9 (C-F(Ar)) ppm
(Solid) Vmax: 2940(m) (C-Hj), 2861(m) (C-Hy), 2223(m) (C=N), 1601(s)
(Ar), 1491(s) (Ar) cm™.

m/z 279 ([CaoH160]1", 8%), 207 (|C1sH110]", 11%), 167 (|C12Ha11", 33%), 149
(IC1oH150]", 100%), 69 ([CsHol", 9%), 57 ([C4Ho]", 24%), 41 (IC3Hs]',
19%).
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1-[1-(4>-Cyanobiphen-4-yloxy)heptyl-7-oxy-]-2-[1-(2,4’-difluorobiphenyl-4-yloxy)

heptyl-7-oxy]benzene

2
E .
27 ; 20 ® .
* O/\/\/\/M\
Pt
17
O 15
12 o

Lk

Rf
'"H NMR

BCNMR

113
CysHy7F2NOy
703.88

0.69; 100% DCM [1 spot by TLC]

(400 MHz, CDCl;3): &4 7.60 (2H, d, J = 8.5 Hz, C4H, C¢H), 7.54 (2H, d, J =
8.5 Hz, C;H, C;H), 7.43 (2H, d, J = 9.0, CoH, Cy;3H), 7.32-7.40 (2H, m,
CqH, CoH), 7.19 (IH, t, J = 8.8 Hz, Hz, C4sH), 7.02 (2H, t, J = 8.8 Hz,
CsoH, C43H), 6.89 (2H, d, J = 8.8 Hz, C;oH, C,H), 6.82 (4H, s, C;sH, Cy7H,
CysH, CyoH), 6.65 (1H, dd, J = 8.6, 3.1 Hz, C4gH), 6.60 (1H, dd, J = 12.0, 2.6
Hz, C46H), 3.80-3.98 (8H, m, O-C14H;, O-CyoH,, O-CiosHa, O-C;12H3), 1.64-
1.84 (8H, m, C;sH,, CoH;, Cio7H,, Ci11Hy), 1.24-1.54 (12H, m, C;¢Ha,
Ci7Hz, CisHa, CigsHz, CiooH2, C110Hz) ppm.

(75 MHz, CDCLy): 8¢ 159.8 (q. Cu(Ar), 158.5 (g, Car(Ar)), 1492 (g,
Ca(Ar), Cai(AD), 145.1 (q, Cs(AD), 132.5 (1, Cs (Ar), C+(AD), 131.3 (q,
Cx(A)), 130.8 (q, Cas(AD)), 130.4 (1, Cso/Cix(AD), 1303 (t, Car/Cax(AD),
1283 (1, Cy(Ar). Ce(Ar). 127.1 (t. Co(Ar), Cis(Ar), 121.1 (t, Ca,
Cso(Atca)), 119.1 (@, C(CN)), 115.4 (t, Cag/Cag(AD), 1152 (1, Cag/Cag(AD)),
115.1 (t, Cio(Ar), Cia(AD), 114.6 (t, Cag/Cas (Arca)), 1142 (t, Cag/Cro
(Arca)), 110.9 (1, Ca9(Ar)), 110.2 (g, C2(Ar)), 102.7 (1, Cy43/Cso(Ar)), 102.3 (4,
C43/C39(Ar)), 69.2 (s, Cia, Cro6(OCHy)), 68.4 (s, C3/C112(0OCH,)), 68.1 (s,
C20/C112(0CHy)). 29.3 (s, Cis.19(CHy)), 29.1 (s, Cisa9(CHy)), 28.1 (s, Cis.
19(CHy)), 26.0 (s, Ci5-19(CH2)) ppm.



Note: No Peak found for C3g(Ar), Cs1(Ar), Cas(Ar)
YF NMR (282 MHz, CsFg): 8¢ -115.4 (C-F(AD), -115.9 (C-F(Ar)) ppm

IR

EIMS

(Solid) Viay: 2940(m) (C-H,), 2861(m) (C-Hy), 2223(m) (C=N), 1601(s)
(Ar), 1491(s) (Ar) cm™.

m/z 345 ([CaiH2sF201", 1%), 279 ([CoH 901", 6%), 207 ([CsH110], 11%),
167 ([C12Ha 1™, 33%), 149 ([CioH;s017, 100%), 69 ([CsHol™, 11%), 55
([C4H7]", 21%), 41 ([C3Hs]", 16%).

1-[1-(4’-Cyanobiphen-4-yloxy)nonyl-9-oxy-]-2-[1-(2,4’-difluorobiphenyl-4-yloxy)

nonyl-9-oxy-]-benzene

Rf
"H NMR

114
CyoHssF2NOy
759.99

0.75; 100% DCM [1 spot by TLC]

(300 MHz, CDCly): 3y 7.60 (2H, d, J = 8.5 Hz, C.H, CsH), 7.54 (2H, d, ] =
8.5 Hz, C;H, C;H), 7.43 (2H, d, J = 9.0, CoH, Cp3H), 7.32-7.41 (2H, m,
CyH, CpH), 7.20 (1H, t, J = 8.8 Hz, Hz, C4H), 7.02 (2H, t, J = 8.8 Hz,
CsoH, C43H), 6.90 (2H, d, J = 8.8 Hz, C;poH, C;-H), 6.81 (4H, s, C;sH, Cy/H,
CasH, CyoH), 6.66 (1H, dd, J = 8.4, 2.3 Hz, C4sH), 6.61 (1H, dd, ] =12.4,2.4
Hz, C4H), 3.80-3.98 (8H, m, O-C4H;, O-C22H,, O-Cio¢Hz, O-C;14Hy), 1.63-
1.81 (8H, m, CisH,, Cy1Hy, Cio7Ha, Cii3Hy), 1.24-1.54 (20H, m, Ci¢Ha,
Ci7Hz, CisH,, CioHa, CooHy, CiosHz, CioHz, Ci10Hz, Ci11Hz, Cr12Hz) ppm.
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BCNMR (75 MHz, CDCL3): 8¢ 159.8 (q, Cii(Ar)), 158.5 (q, Csx(Ar), 149.3 (q,

Ca(Ar), Csi(Ar)), 145.1 (q, Cs(Ar), 132.6 (t, Cs (Ar), C(AD), 131.3 (.
Cy(Ar)), 130.8 (q, Cas(AD), 130.3 (t, Cao/Car(AD), 1303 (t, Ca/Car(AL)),
1283 (t. Cy(AD, Ce(Ar), 127.1 (. Co(Ar), Cis(Ar), 121.1 (t, Ca,
Cso(Arca)), 119.1 (q, C1(CN)), 1154 (t, Cag/Cas(AD)), 115.2 (t, Cag/Cas(AT)).
115.1 (t, Cro(Ar), Cia(AD), 1146 (t, Cag/Cao (Atca)), 114.2 (t, Cag/Cao
(Arca)), 110.9 (t. Cas(AD), 110.1 (q, Ca(AD)), 102.7 (t, Cas/Co(AD), 102.3 (t,
C43/C39(Ar)), 69.3 (s, Cis, Cro6(OCH>)), 68.4 (s, C22/C114(OCHo)), 68.2 (s,
Cy2/C114(OCH3)), 29.1-29.6 (s, Cy521(CH), Cip7-113(CH,)), 26.0 (s, Cis.
21(CH2), Cy97.113(CHz)) ppm.

Note: No Peak found for Cig(Ar), C41(Ar), Cys(Ar)
9F NMR (282 MHz, C¢Fe): 8¢ -115.5 (C-F(Ar)), ~115.9 (C-F(Ar)) ppm

IR

EIMS

(Solid) Vinae 2913(m) (C-Hy), 2847(m) (C-Hy), 2224(m) (C=N), 1599(s)
(Ar), 1493(s) (Ar) cm™.

m/z 279 ([CaoH1501", 4%), 207 ([C1sH, 107", 15%), 167 ([C12Hai], 29%), 149
(IC1oH;50]", 100%), 69 ([CsHol", 10%), 57 ([CsHs]™, 23%), 41 ([C3Hs]',
21%).
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1-[1-(4’-Cyanobiphen-4-yloxy)decyl-10-oxy-|-2-[1-(2,4’-difluorobiphenyl-4-yloxy)

decyl-10-oxy|benzene

27
2 0 2 20
18
2 N 14
23
21 %
28 : 17 pre 0
27 O

Rf
TH NMR

BC NMR

115
CsiHsoF,NOy
788.04

0.78: 100% DCM [1 spot by TLC]

(300 MHz, CDCl3): 8 7.60 (2H, d, J = 8.5 Hz, C,H, C¢H), 7.55 (2H, d. J =
8.5 Hz, CH, C;H), 7.44 (2H, d, J = 8.8, CoH, CisH), 7.32-7.41 (2H, m,
CaoH, CioH), 7.20 (IH, t, J = 8.9 Hz, Hz, CaoH), 7.02 (2H, t, J = 8.8 Hz,
C3oH, C43H), 6.90 (2H, d, J = 8.8 Hz, CjyH, CoH), 6.81 (4H, s, CosH, Co7H,
CasH, CooH), 6.66 (1H, dd, J = 8.6, 2.6 Hz, C4H), 6.61 (1H, dd, J = 12.5, 2.6
Hz, C4H), 3.83-3.99 (8H, m, O-C4H,, O-C33H,, O-CipsH;, O-C;5H3), 1.58-
1.83 (8H, m, CsHy, CooH,, Cio7H,, Cii1sHy), 1.17-1.52 (20H, m, CicHa,
Ci7H;, Ci3Ha, CigHy, CyoHa, Co1Ha, CiosHa, CiooHa, CiioHz, Ci11Ha, Ci1oHo,
Cii3Hz) ppm.

(75 MHz, CDCly): 8¢ 159.8 (q, Cii(AD), 158.5 (q. Car(Ar), 1493 (q,
Cae(Ar), Csi(AD), 1453 (q, Cs(An)), 1326 (t, Cs (A1), C~(AD), 131.3 (g,
Cs(AD). 130.8 (¢, Cas(AD), 130.4 (. Cao/Cax(AD), 1303 (t, Ca/Cax(AD),
1283 (t, C4(Ar), Ce¢(Ar)), 127.1 (, Co(Ar), Cis(Ar)), 121.1 (t, Cy7,
Cso(Arca)). 1191 (q, C(CN)), 115.4 (t, Cag/Cas(Ar)), 115.2 (t, Ca/Cag(A)),
115.1 (1, Cp(Ar), Cr2(Ar)), 114.6 (1, Cas/Cro (Arca)), 114.2 (t, Cas/Coo
(Atca)). 110.9 (1, Cao(Ar)), 110.1 (g, Ca(Ar)), 102.7 (t, Ca3/Cso(Ar)), 102.3 (t,
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C3/Cs3o(A1)), 69.3 (5, Ci4, Cro6(OCH,)), 68.4 (s, C23/Cy15(OCHy)), 68.2 (s,
C23/C115(0CH,)), 29.1-29.6 (s, Ci522(CHa), Cio7.114(CHy)), 26.0 (s, Cis.
22(CHy), Ci97-114(CH2)) ppm.

Note: No Peak found for Czg(Ar), C41(Ar), Cyas(Ar)

YF NMR (282 MHz, C¢Fs): 8¢ -115.5 (C-F(Ar)), -115.9 (C-F(Ar)) ppm

IR (Solid) Vina: 2916(m) (C-Hy), 2846(m) (C-Hy), 2248(m) (C=N), 1601(s)
(Ar), 1493(s) (Ar) cm™.

EIMS  m/z 345 ([Co1HasF20], 3%), 279 ([C20H101", 5%), 207 ([C1sH,, 0], 10%),
167 (JCi2Ha1]1", 31%), 149 ([C1oH;50]", 100%), 69 ([CsHo]", 11%), 57
([C4Hol", 26%), 41 ([C3Hs]", 18%).

1-[1-(4’-Cyanobiphen-4-yloxy)undecyl-11-oxy-]-2-[1-(2,4’-difluorobiphenyl-4-
yloxy)undecyl-11-oxy|benzene

116
Cs3sHesF2NOy
816.09

Rf 0.80; 100% DCM

'"HNMR (300 MHz, CDCls): 8 7.60 (2H, d, J = 8.6 Hz, C4H, C¢H), 7.55 (2H, d, ] =
8.6 Hz, C;H, C;H), 7.44 (2H, d, J = 8.8, CsH, C;H), 7.32-7.41 (2H, m,
CyH, CpoH), 7.20 (1H, t, J = 8.9 Hz, Hz, C4H), 7.02 (2H, t, J = 8.8 Hz,
CsoH, C43H), 6.91 (2H, d, ] = 8.8 Hz, CioH, C,H), 6.81 (4H, s, CoH, Co7H,
CyH, CyoH), 6.67 (1H, dd, J = 8.5, 2.5 Hz, C4sH), 6.61 (1H, dd, J = 12.5,2.4
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3C NMR

Hz, C4H), 3.82-4.00 (8H, m, O-C,H;,, O-Cy4Ha, O-CipH,, O-Ci16H3), 1.59-
1.85 (8H, m, CysH,, CysH,, Cio7H,, CiisHy), 1.12-1.51 (20H, m, C¢Ha,
Ci7Hz, CigHa, CigHy, Coolly, Co1Hy, CoHy, CiosHa, CrogHy, CrigHa, CiiHa,
Ci1aHy, Ci13Hz, Ci14Hy) ppm.

(75 MHz, CDCl3): 8¢ 159.8 (q, Cri(Ar)), 149.2 (g, Cag(Ar), C31(Ar), 145.3
(q, Cs(AD)), 132.6 (t, C3 (A1), C+(A1)), 1312 (q, Cs(Ar)), 130.8 (g, Cas(AD),
130.8 (1, Cag/Caa(AD)), 130.4 (1, Cao/Car(AD), 128.3 (t, Ca(Ar), Cs(Ar), 127.1
(t, Co(A1), Ci3(AD), 121.0 (t, Ca7, Cap(Arca)), 119.1 (q, CHCN)), 115.5 (¢,
Cae/Cas(Ar)), 1152 (t, Cae/Cas(Ar)), 115.1 (t, Cro(Ar), Cra(Ar)), 1145 (1,
Cas/Co (Arcad)), 114.1 (. Cas/Cas (Arca)), 1109 (1, Cao(AD), 110.0 (q.
Cy(AD). 102.7 (t, Cas/Cs(Ar), 102.3 (t, Css/Cso(AD), 693 (s, Cha.
C1o6(OCH,)), 68.4 (s, C3/Cp1s(OCH,)), 68.2 (s, Ca3/C115(OCHy)), 29.0-29.6
(s, Ci5.22(CH2), C107-114(CH23)), 26.0 (s, C15.22(CHy), C107-114(CH2)) ppm.

Note: No Peak found for Csg(Ar), C41(Ar), Cas(Ar), Cy7(Ar)

YF NMR
IR

EIMS

(282 MHz, CgFe): 8¢ -115.5 (C-F(Ar)), -115.9 (C-F(Ar)) ppm
(Solid) Vimax: 2919(m) (C-Hy), 2848(m) (C-H,), 2227(m) (C=N), 1603(s)
(Ar), 1509(s) (Ar) cm .

m/z 279 ([C2oH150]", 9%), 207 ([C1sH110]", 12%), 167 ([C12Ha1]", 27%), 149
([C1oH1501", 100%), 69 ([CsHol", 13%), 57 ([CaHo]", 29%), 41 (ICsHs]",
22%).

7.6. References
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Appendix A

Describing Mathematically the Splay and Bend

Deformations
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A. Appendix A

The del operator (V) is given by

nX
n= ny ,
nZ
nV is defined as
on
Ox
on,
nv=| —
dy
on,
0z
and the dot product of “del” and n as
on
(V-n)= on, o0,  on,
& 8y oz

Which can also be described as div(n) since

div(n)= (V- n)
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Therefore, for the splay deformation, we get n(V -n) by combining the previous two

results so that

én, om, 3n,
n | —+—+
L ox by Oz
on
n(V-n)=|n, 8n‘+ }+8nz
‘ Lox 8y oz
Sn, om_ dnm,
n, +— =
L dx 8y 8z
The dot product is commutative and thus
(V-n):(n~V).
This is not true for the cross product and therefore
on, 3n,
dz Oy
(V « n) _ Snx _ 8“2 ,
6z  &x
dn, on,
dy  ox

which can also be written as rot(n )or curl(n ) since

rot(n)= curl(n) = (Vxn)

And therefore in the Meyer definition of the flexoelectric polarisation, the bend

deformation is given as

(Vxn)xn:

.

|

which we will see is different to that which is based on the Frank definition used in

ESnx on,

n —

‘8z 8x
Sny B on,
0z Oy
8ny Snz
oz Oy

the elastic constants which is given as
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dy s
on_ Odn,
5z ox




nx(Vxn):

However we can see that

én, on,
- ._.nz
dy  Ox
Bn\ Bny
[P S — .—.I‘lV
dy  ox |
on_ on,

x “n,
dz  Ox ’

dn_  om,
oz —_ES;
on, 5n2\
5z oy
on, dn,
5z Oy

nx(Vxn)(—l)——-(Vxn)xn,

which expands to give

Bn,} .
o ey
8x 8y  8x

on,

on,
n| —-—-—%ti-n,
8z By *

6ny

OX
on

OX
on,
OX

[8nx Bn}J [fm\ 5n,j (5;1\ an}] (Sn‘ Sn,) ( (Sn\
n| —Y——1-n | —>~—= -n | —*~——=+n,| —%-—= n,| —%-—
L8y  8x \ 8z Bx L8y 8x U8z 8x "\ 8z
(5n, Sny] (Sn‘ Sn ) , [5nv SnV) [5n‘ 5n ]
n| —*-—=|-n =" >‘(—1): -n | —-—|+n | -t =
dy  Ox oz Oy 8y  dx ‘L 6z dy
(an Sn,J (511} 6n,} {Sn‘ én, ) (511) Sn,J (SH}V 6n/] (
n|—>——=l-p|—~—=% -n_ ——t4n | ———*= n|—-—=|-n_
sz 8 8z By 8z ox ) L8z By "\ 8z By .
So for the Meyer definition
P= eln(V -n)+ e3(V><n)><n
Sn, Oon, dn, on, dn, dn,
n | —+ + n | —- ~-n
L dx ¥y oz dz  dx | By
Sn, om, &n, on, Jn, on
P=¢|n, >~ +e, m, - -n, :
Ox dy oz "\ oz dy dy
dn, om, §n, on, dnm, Sn,
n, =+ + n, — -n, :
ox dy 0z L dz Oy 0z
And for the alternative definition
P::egﬂv-n)+eg1x07xn)
Sn, on, dn, dn, On én_  on,
n|—+—+ n|—-—|-n,|—-—%
ox dy oz oy ox 8z  Ox
dn, on, 3n, dn, om, dn, &n,
P=¢|n, + + +e;| n, S ——|-n | — -
dx dy oz dy  Ox 6z  dy
Sn, on, 3n, én Snzj on, dn,
n, + + . -—Z|-p | ——-—=
I dx ¥y Oz Sz ¥ | 8z By
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Appendix B

Diagrams of How Small and Large Angle Tilts in the Optic
Axis Affect the Results Observed Through the Microscope
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B. Appendix B

In order to make measurements on the angular dependance of the optic axis on the
applied field, we examined in Chapter 2 how, practically, the intensity of light as a
way of reading the degree of tilt in the axis. We noted that for small anglar tilt we
could easily measure this by determining the dark state (corresponding the the helix
axis being lined up with one of the crossed polarisers) and rotated the sample through
22.5°. The light intensity is related to the optic axis through a sine squared
relationship and as such, 22.5° corresponds the position on the trigonomic curve
which is most sensitive to small rotations in the same. Thus subsequently when the
sample is rotated about this point, the most accurate measure us achieved.

We explored how the helix axis and optic axes (for positive and negative fields from
an A.C. square-wave source) moved throughout the experiment examining these axis
form the point of view of looking down the microscope (the crossed polarisers are
represented by the x and y axes) and where they are on a the squared sine wave. In
Chapter 2 this was done for small angles (i.e. an example where +¢ to —¢ is less than
45°). We also comment that these measurements become difficult when +¢ to —¢
exceeds 45°.

Below we show the large angle example demonstrating why the intensity gets smaller
and consequently becomes much harder to read on the oscilloscope. With each
diagram is the angles for the helix axis (HA) and the + and — optic axes. For

comparison, the short angle example (as seen in Chapter 2) is also given.
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Large tilt angle
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Small tilt angle
l)_ark_Sta_te

I (arb units)

Small tilt angle
Eq Dark (+22.5)

Small tilt angle
negative .rotgtion

4
4
4
4

Small tilt angle
negative rotation

1 (arb units)
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|
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|
3
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HA = 57.5% -(E) = 22.5%+¢(E) = 92.5°

i

1 (arb units)

0.5+

45

466

45 60 75 90



Appendix C

Primary Data for ULH Flexoelastic Experiments Obtaining
Tan(g)/E

WORK CHOOS‘DEY ACA TEWC
g

= P -
z
.y
J
) a1
: B2 \'J
\ ., ,
WWW, PHDCOMICS, COM
"Piled Higher and Deeper" by Jorge Cham
www.phdcomics.com Used with permission
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C. Appendix C
C.1. Chapter 3

C.1.1. CBOnOBF,

compound CBO70BF2 est HTP  0.163399 nm™
V¢ unwing 40 V Gradient 0.0686 V''um Ty 119 °C
pitch 299.1081 nm K unknown pN T 111.2 °C
Thickness 4.88 pum e/K 1441039 V' T/Ty  0.98
eP/K 4.31E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angle tilt angl tan ¢
1 3.9 0.79918 55.8 49.5 3.15 0.06
2 7.8 1.598361 59.9 46.4 6.75 0.12
3 11.7 2.397541 62.4 43.2 9.6 0.17
4 15.6 3.196721 65.7 40.5 12.6 0.22
5 19.5 3.995902 69 38.5 1525 027
6 23.4 4.795082 72 358 181 033
7 27.3 5.594262 T5.7 33.7 21 0.38
8 31.2 6.393443 78.5 31.4 2355 044
9 35.1 7.192623 0 0 0 0
10 39.0 7.991803 0 0 0 0
y = 0.0686x

*=179989 : : ——

tan ¢

L Ll ertii1111
T y ' T

o

Electric field (V.um™)
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compound CBOSOBF2 est HTP 0.1634 nm”

V¢ unwing 30V Gradient  0.0421 V'um Tn; 150 °C
pitch 452.1637 nm K 0 pN T 141.5 °C
Thickness 4.94 um e/K 0.58501 V"' T/Tyy 0.98

eP/K 2.65E-04 V'um

Electric field
i real V per micron Max Angl¢ Min Angl«tilt anglctan ¢
1 2.9 0.587045 0 0 0 0
2 5.8 1.174089 0 0 0 0
3 8.7 1.761134 66.4 56.7 4.85 0.08
4 11.6 2.348178 66.3 53.7 6.3 0.11
5 14.5 2.935223 70.7 55.1 7.8 0.14
6 17.4 3.522267 71.5 544 855 0.15
7 20.3 4.109312 75 56.2 94 0.17
8 23.2 4.696356 78.6 57.7 1045 0.18
9 26.1 5.283401 0 0 0 0
10 29.0 5.870445 0 0 0 0
- y = 0.0421x
0.2 - R*=0.9002 I
0.18 : i
0.16 -
- 0.14 ¢
S 012
g 014
0.08
0.06 -
0.04 -
0.02 1
O T 1 1 1
0 1 2 3 4 5
Electric field (V.um™)
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compound CBO9OBF2 est HTP 0.1634 nm™
V¢ unwine 36 V Gradient 0.064 V'um Thi 143 °C
pitch 293.0648 nm K 0 pN T 134.7 °C
Thickness 4.96 um e/K 137213 V' T/Ty 0.98
eP/K 4.02E-04 V'um
Electric field
# real V per micron Max Angle Min Anglitilt angl tan ¢
1 3.5 0.705645 0 0 0 0
2 7.0 1.41129 0 0 0 0
3 10.5 2.116935 385.8 371.5  7.15 0.125443
4 14.0 2.822581 389.8 369.8 10 0.176327
5 17.5 3.528226 394.6 368.2  13.2 0.234548
6 21.0 4.233871 398.3 367.9 152 0.271694
7 24.5 4939516 0 0 0 0
8 28.0 5.645161 0 0 0 0
9 31.5 6.350806 0 0 0 0
10 35.0 7.056452 0 0 0 0
y = 0.064x

tan ¢
OOOO
= IO N

ONBG00—-NDOONINIRI0W

OOOO

llllrllllllll
T’ T

OOOO

R*=10.9847

Electric field (V.um™)
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compound CBO100BF2  HTP 0.1634 nm”

Veunwine 30V Gradient  0.0399 V'lum Tnp 146 °C
pitch 235.6 nm K unknown pN T 138 °C
Thickness 4.91 pm e/K 1.06429 V"' T/Ty; 0.98

eP/K 2.51E-04 V'um

Electric field

# real V per micron Max Angle Min Anglitilt angl tan ¢
1 2.9 0.590631 0 0 0 0
2 5.8 1.181263 0 0 0 0
3 8.7 1.77189%4 55.5 46.1 4.7 0.08
4 11.6 2.362525 56.7 442  6.25 0.11
5 14.5 2.953157 58.7 443 7.2 0.13
6 17.4 3.543788 60.1 43.5 83 0.15
7 203 4.13442 61.5 42.5 9.5 0.17
8 23.2 4.725051 61.4 40.5 10.45 0.18
9 26.1 5.315682 64.7 425 11.1 0.2

y = 0.0399x
023 T RF=09283
0.2 1
0.18 -
0.16 -
3 8
T 071
0.08 - =
0.06 -
0.04 -
0.02 -
0 1 T
0 2 4 6
Electric field (V.um™")
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compound CBO110BF2 HTP 0.163399 nm™’

Ve unwine 441V Gradient 0.0835 V']um Tai 111 °C
pitch 0.323298 nm K 0 pN T 103.3 °C
Thickness 4.96 um e/K 1.622795 V"' T/Tn; 0.98
eP/K 0.524646 V'um
Electric field
# Voltage per micron Max Angle Min Angletilt angle tan ¢
| 4.3 0.87 368.4 358.3 5.05 0.088
2 8.6 1.74 371.9 353.8 9.05 0.159
3 12.9 2.61 376.6 349.9 13.35 0.237
4 17.2 3.48 380.5 347.8 16.35 0.293
5 21.6 4.34 384.5 343.9 20.30 0.370
6 25.9 521 388.9 341.7 23.60 0.437
7 30.2 6.08 391.2 337.2 27.00 0.510
8 34.5 6.95 389.2 330.7 29.25 0.560
9 38.8 7.821 0 0 0 0
10 43.1 8.690 0 0 0 0
= 0.0835x
0.70 ;2 =0.9933
0.60
0.50 -
? 0.40 - -
£ 0.30-
0.20
0.10 -~
0.00 T T T
0.00 2.00 4.00 6.00 8.00

Electric field (V.um™)
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C.1.2. CBOnOBF;

compound CBO60OBF3 Est HTP 0.163399 nm"
Veunwind 30V Gradient 0.0471 V'um Ty,
pitch 412.4 nm K Unknown pN T
Thickness 5.05 pm e/K 0.717628 V"' T/Tn;
eP/K 2.96E-04 V'um
Electric field
# real V per micron  Max Angle Min Angle tilt angle tan ¢
1 2.9 0.574257426 0 0 0 0
2 5.8 1.148514851 0 0 0 0
3 8.7 1.722772277 44 35.7 4.15 0.073
4 11.6 2.297029703 45.4 34.4 5.5 0.096
5 14.5 2.871287129 48.6 34.2 7.2 0.126
6 174 46.9 31.8 7.55
7 203 4.01980198 48.8 28.2 10.3 0.182
8 23.2 4.594059406 56.5 31.4 12.55 0.223
9 26.1 5.168316832 54.2 25.4 14.4 0.257
10 29.0 5.742574257 64.9 25.5 19.7 0.358
0.98 y2= 0.0471x
0.26 4 R%=0.9786 .
5§ I :
0.22 - —~
0.2 -
0.18 +
2o
So124 -
008 - > —
0.06 1 - .
0.04 -
0.02 - -
O L T LS T T
0 1 2 3 4 5 6
Electric field (V.um™)
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compound CBO70BF3 est HTP 0.1634 nm”

Ve unwind 40 V Gradient  0.0787 V'um Ty, 73 °C
pitch 379.0782 nm K unknown pN T 66.1 °C
Thickness 5.05 pum e/K 130444 V' T/Ty, 098

eP/K 4.94E-04 V'um

Electric field
# real V per micron Max Angle Min Anglctilt angle tan ¢
1 3.9 0.7722772 57 46.9  5.05 0.088368
2 7.8 1.5445545 59.6 44.1 7.75 0.136094
3 11.7 2.3168317 64.4 41.3  11.55 0.204361
+ 15.6 3.0891089 68.3 40.7  13.8 0.245624
5 19.5 3.8613861 70.6 39.6 155 0277325
6 23.4 4.6336634 722 39.2  16.5 0.296213
T 27.3 5.4059406 74.7 395 17.6 0317219
8 31.2 6.1782178 74.4 392 17.6 0.317219
9 35.1 6.950495 4! 37.9 16.55 0.297163
10 39.0 7.7227723 0 0 0 0
003% i Ssssmes—— - =
0.28 - y= 0.0787x. - °
0281 R?=09102 -
022 1
018 { -
< 0.16 -
£ .14 -
001% . 7 _
0.08 1 ¢
0.06 - i
0.04 - - ~
0.02 - : —
o T T T T
0 1 2 3 4 &
Electric field (V.um™)
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compound CBOSOBF3

est HTP  0.163399 nm’

Electric field (V.um™)

Veunwine 20V Gradient  0.0636 V'um Ty 130 °C
pitch 247 nm K unknown pN T 122 °C
Thickness 5.05 pm e/K 1.620277 V"' T/Tng 0.98
eP/K 4.00E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angle tilt angl¢ tan ¢
1 1.9 0.376238 0 0 0 0
2 3.8 0.752475 61 57.2 1.9 0.033173
3 5.7 1.128713 61 53.5  3.75 0.065543
4 7.6 1.50495 61 52.2 4.4 0.076946
5 95 1.881188 62.9 524 5.25 0.091887
6 11.4 2.257426 62 46.7  7.65 0.134317
7 13.3 2.633663 62.6 42 10.3 0.181731
8 15.2 3.009901 60 37.5 11.25 0.198912
9 17.1 3.386139 64.4 38.9 1275 0.226277
10 19.0 3.762376 64 36.4  13.8 0.245624
y = 0.0636x
e R*=T0.9601 —
0.22 4
0.2 1 1
838
S 0144 -
8 012- _
0.1 1
015): 1 M-S,
0.06 §
0.04 4
0.02 4
O 1 1
0 1 2 3 4
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compound CBO9OBF3 est HTP  0.163399 nm”
Ve unwin¢ 30V Gradient 0.0918 V'lum Tni
pitch 348.4854 nm K unknown pN T
Thickness 5.05 um e/K 1.655152 V"' T/Ty;
eP/K 5.77E-04 V'um
Electric field
# real V per micron Max Angle Min Angle tilt angle tan ¢
1 2.9 0.574257 360.1 354.4 2.85 0.049783
2 5.8 1.148515 361.9 350.7 5.6 0.098051
3 8.7 1.722772 366.1 349.1 8.5 0.149451
4 11.6 2.29703 370 3473 11.35 0.200727
5 14.5 2.871287 377.2 346.4 15.4 0.275446
6 17.4 3.445545 381.3 345 18.15 0.327817
7 20.3 4.019802 383 342.7 20.15 0.366938
8 23.2 4.594059 386.6 341.4 22.6 0.41626
9 26.1 5.168317 0 0 0 0
10 29.0 5.742574 0 0 0 0
0.5 y=0.0917x
R?=0.9955
044 : —
o 034 -
&
021 .
0.1+ s
0 L T 1 1
0 1 2 3 4 5
Electric field (V.um™)
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compound CBO100OBF3 HTP 0.1634 nm’™'
V¢ unwing 40V Gradient  0.0444 V'lum T 112 °C
pitch 369.3134 nm K unknown pN T 104.3 °C
Thickness 5.05 pm e/K 0.75538 V! T/Tny 0.98
eP/K 2.79E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Anglctilt angli tan ¢
1 3.9 0.772277 0 0 0 0
2 7.8 1.544554 30.9 224 425 0.07
3 11.7 2.316832 33.2 21.1  6.05 0.11
4 15.6 3.089109 34 193 735 0.13
5 19.5 3.861386 37.9 182 9.85 0.17
6 23.4 4.633663 0 0 0 0
7 27.3 5.405941 0 0 0 0
8 31.2 6.178218 0 0 0 0
9 35.1 6.950495 0 0 0 0
10 39.0 7.722772 0 0 0 0
0.0Y.=0.0444x
0.18Rf =0.9782 - .
0.16 - -
0.14 -
= 0.12 1
S 01
= 0.08 -
0.06 4 -
0.04 ~
0.02 4
O [ R L T T
0 1 2 3 4

Electric field (V.um™)
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compound CBO110BF3

est HTP  0.163399 nm’

Veunwine 40 V Gradient 0.068 V'um Ty, 92 °C
pitch 271.3 nm K unknown pN T 84.7 °C
Thickness 5.05 pm e/K 1.575051 V"' T/Ty; 0.98
eP/K 4.27E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angle tilt angle tan ¢
1 3.9 0.772277 368.2 359.9 4.15 0.073
2 7.8 1.544554 382 355.7 13.15 0.234
3 11.7 2316832 383.4 3523 15.55 0.278
4 15.6 3.089109 387.2 349.6 18.8 0.34
5 19.5 3.861386 389.3 346.9 21.2 0.388
6 23.4 4.633663 391.2 346.7 22.25 0.409
7 273 5.405941 0 0 0 0
8 31.2 6.178218 0 0 0 0
9 35.1 6.950495 0 0 0 0
10 39.0 7.722772 0 0 0 0
y = 0.068x + 0.1263
09 R? = 0.9961
0.4
& 0.3 1
&
0.2 1 —
0.1
o T T T
0 1 2 3
Electric field (V.um™)
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C.1.3. CBOnOBF4

compound CBO40BF4 est HTP  0.163399 nm™
Veunwine 40V Gradient 0.0429 V'um Tni 138 °C
pitch 288.8 nm K 0 pN T 129.8 °C
Thickness 4.95 um e/K 0.933376 V"' T/Ty; 098
eP/K 2.70E-04 V'um
Electric field
it real V per micron Max AnglcMin Angle tilt anglctan ¢
1 3.9 0.787879 346 341.5 225 0.04
2 7.8 1.575758 352.8 342.8 5 0.09
3 11.7 2.363636 355.5 341.5 7 0.12
4 15.6 3.151515 354.2 337.8 82 0.14
5 19.5 3.939394 356.4 336.9 9.75 0.17
6 23.4 4.727273 357 3341 1145 0.2
7 273 5.515152 359.4 333.2  13.1 0.23
8 312 6.30303 360.9 3323 143 0.25
9 35.1 7.090909 360.8 329.7 15.55 0.28
10 39.0 7.878788 0 0 0 0
o Lrooem
0.28 R i
0.24 -
o 029
E 0.16 4
0.12 4
0.08 A
0.0449 -
0 T —
0 2 4 8

Electric field (V.pm'1)
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compound CBO60BF4  est HTP  0.163399 nm’

Veunwinc 50 V Gradient  0.0879 V'um Ty, 104 °C
pitch 233.7 nm K unknown pN T 96.5 °C
Thickness 4.96 um e/K 2363673 V' T/Ty, 0.98

eP/K 5.52E-04 V'um

Electric field
# real V per micron Max Angl¢ Min Anglctilt anglctan ¢
1 11.1 2.237903 353.4 3455  3.95 0.069
2 13.5 2.721774 375 345.7 5.9 0.103
3 15.0 3.024194 357.9 342.5 7.7 0.135
4 17.5 3.528226 359.6 340.6 9.5 0.167

5 20.0 4.032258 360 3341 1295 0.23
6 25.0 5.040323 367.5 324 21.75 0.399
7 11.1 6.915323 0 0 0 0
8 11.1 7.903226 0 0 0 0
9 11.1 8.891129 0 0 0 0
10 11.1 9.879032 0 0 0 0
y=8_. §79x—0.1323
aag $.9863 -
0224 =
0.2 -
B |
S 0141 )
8 0124 -
0.1 - -
0.08 -
0.06 -
0.04 -
0.02 -
O 1 T T T
0 1 2 3 4 5
Electric field (V.um™)
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compound CBO70BF4 HTP 0.163399 nm™"

V¢ unwine 80V Gradient 0.0598 V'um T 78 °C
pitch 299.2 nm K unknown pN T 70.98 °C
Thickness 4.97 um e/K 125582 V' T/Ty,  0.98
eP/K 3.76E-04 V'um
Electric field
i real V per micror Max Angle Min Angle tilt angl tan ¢
1 7.9 1.589537 374.7 364.8 495 0.09
2 15.8 3.179074 380.4 361 9.7 0.17
3 23.7 4.768612 385 355.7 14.65 0.26
4 31.6 6.358149 391 351.6  19.7 0.36
5 39.5 7.947686 396.4 346.6 249 0.46
6 47.4 9.537223 401.7 3419 299 0.58
7 553 11.12676 405.9 3389 335 0.66
8 632 12.7163 411.8 335 384 0.79
9 71.1 14.30584 418.4 333.7 42.35 0091
10 79.0 15.89537 0 0 0 0
09 y = 0.0598x
L R =T o A -
0.7 - , : SR—
_ 08-
5 o4
0.3 —
0.2 1
0.1 .
0 T T
0 5 10 15

Electric field (V.um™)
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compound CBO8OBF4  est HTP  0.163399 nm™
Veunwine 80V Gradient 0.0511 V'um T 104 °C
pitch 250.6 nm K unknown pN T 96.5 °C
Thickness 4.95 pm e/K 1281283 V' T/Ty 0.98
eP/K 3.21E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angle tilt anglc tan ¢
1 7.9 1.59596 44.6 35 4.8 0.08
2 10.0 2.020202 46 34.6 57 0.1
3 12.5 2.525253 47.4 33.2 7.1 0.12
4 15.0 3.030303 52.2 34.1 9.05 0.16
5 3.5 0.707071 514 44 3.7 0.06
6 4.0 0.808081 51.9 42.8 4.55 0.08
7 4.5 0.909091 50.4 40.7 4.85 0.08
8 5.0 1.010101 50.9 39.8 5.55 0.1
9 6.0 1.212121 51.8 38.8 6.5 0.11
10 7.0 1.414141 51.4 37.8 6.8 0.12
0.18 y2=0.05‘l1x
0.16 4 R*=0.9823 i
0.14 4
0.12 4 |
=
§ 0%213 ]
0.06 A :
0.04 4
0.02
0 ; ; .
0 1 . 3 4
Electric field (V.um™)
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Electric field (V.um™)

compound CBO9OBF4 est HTP  0.163399 nm™
Ve unwine 100 V Gradient  0.0781 V'um Ty, 78 °C
pitch 0.324674 nm K unknown pN T 70.98 °C
Thickness 4.96 um e/K 1.511413 V! T/Tny 0.98
eP/K 4.91E-04 V'um
Electric field
4 real V per micron Max Angle Min Angle tilt angle tan ¢
1 7.9 1.592742 29.1 17.1 6 0.11
2 15.8 3.185484 34 7.3 13.35 0.24
3 23.7 4.778226 42.8 2 20.4 0.37
4 31.6 6.370968 54.7 -1.6 28.15 0.54
5 39.5 7.96371 55.5 -6.1 30.8 0.6
6 3.1 0.614919 25.1 15.5 4.8 0.08
7 4.0 0.806452 23.7 14 4.85 0.08
8 5.0 1.008065 26.8 12.4 7.2 0.13
9 6.0 1.209677 31 12 9.5 0.17
10 7.0 1.41129 32.9 11.4 10.75 0.19
0.8 Ty=10787Tx
R*=0.9846
0 2 4 6 8 10
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compound CBO10OBF4 est HTP  0.163399 nm’’
Ve unwind 80 V Gradient  0.0408 V'um Ty
pitch " 288.3703 nm K unknown pN T
Thickness 4.97 um e/K 0.888975 V' T/Tar
eP/K 2.56E-04 V''um
Electric field
i real V per micron Max Angle Min Angle tilt angle  tan ¢
1 7.9 1.589537 1047 3.2 3.6 0.063
2 15.8 3.179074" 37257 3559 8.3 0.146
3 23.7 4.768612° 37527  351.6 11.8 0.209
4 31.6 6.358149°  379.97 3499 15 0.268
5 39.5 7.947686° ~ 381.8° 3472 17.3 0.311
6 424 8531187 383" 3454 18.8 0.34
7 553 11.12676 0" 0 0 0
8 632 12.7163" 0" 0 0 0
9 71.1 14.30584" 0" 0 0 0
10 79.0 15.89537 0" 0 0 0
y = 0.0408x
9 R? = 0.9862
0.3 4 -
-
£ 02
0.1 4 -
O T ] ]
0 7) 4 6 10
Electric field (V.um™)
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compound CBO110BF4  HTP 0.163399 nm’"

Veunwind 40 V Gradient  0.0548 V'um Ty 80 °C

pitch 196.8 nm K unknown pN T 72.91°C

Thickness 4.7 um e/K 1.749399 V' T/Tn;  0.98
eP/K 3.44E-04 V'um

Electric field

# real V. per micron Max Angle Min Angle tilt angle tan ¢
1 3.9 0829787°  364.6°  359.8 2.4 0.042
2 7.8 1.659574"  367.77 3577 5 0.087
3 11.7 24893627  3702"7 3552 7.5 0.132
4 15.6 3.319149" 37327 3532 10 0.176
5 195 4.148936° 37587 3512 12.3 0.218
6 23.4 4978723 3797 3489 15.05 0.269
7 273 5.808511°  3823°  346.5 17.9 0.323
8 31.2 6.638298 385" 344 20.5 0.374
9 351 7.468085 38757 3414 23.05 0.426
10 39.0 8.297872" 39337 3385 27.4 0.518

y = 0.0548x
e R*=0.9967
0.3 -
-
§ 0.2 -
0.1 1
0 ' . l
0 2 4 6 8

Electric field (V.um™)
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C.1.

compound

Ve unwing
pitch
Thickness

S O 0NN P W N~

—

4. CBOnOBFOCF;
CBO40OBFOCF3  est HTP 0.163399 nm™'
28V Gradient  0.0442 V'um Ty 153 °C
452.1812 nm K 0 pN T 144.5 °C
4.95 um e/K 0614171 V' T/Ty 0.98
eP/K 2.78E-04 V''um
Electric field
real V per micron Max Angle Min Angle tilt anglctan ¢
3.9 0.787879 35.6 28 3.8 0.07
7.8 1.575758 43.7 24.6 9.55 0.17
11.7 2.363636 45.1 23.3 109 0.19
15.6 3.151515 46.2 23.1 11.3% 0.2
19.5 3.939394 48.5 20.6 13.95 0.25
23.4 4.727273 49.5 204 14.55 0.26
27.3 5.515152 0 0 0 0
31.2 6.30303 0 0 0 0
35.1 7.090909 0 0 0 0
39.0 7.878788 0 0 0 0
0 Y= 00442+ 0 06841

tan ¢
OOOO

I!IIIIIIIIJIII

RZ

=0.8754.

Electric field (V.um™)
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compound CBOSOBFOCF.est HTP  0.163399 nm’”

Vcunwine 80V Gradient 0.0704 V'lum Tai 89 °C

pitch 322 nm K OpN T  81.8°C

Thickness 4.97 pm e/K 1371762 V' T/Ty 0.98
eP/K 4.42E-04 V'um

Electric field
# real V per micron Max Angl¢ Min Angle tilt angl: tan ¢

1 7.9 1.589537 385.4 367.8 8.8 0.15
2 15.8 3.179074 394.3 363.9 152 0.27
3 23.7 4.768612 397.6 357.5 20.05 0.36
4 31.6 6.358149 401.8 353.8 24 0.45
5 39.5 7.947686 405.1 348.1 28.5 0.54
6 47.4 9.537223 410.3 343 33.65 0.67
7 553 11.12676 412.5 337.3 37.6 0.77
8 632 12.7163 0 0 0 0
9 71.1 14.30584 0 0 0 0
10 79.0 15.89537 0 0 0 0

a/%=0.0704x

g 30.9807

0.7 4 .
- 0.6 -
5 04

034

0.2

014 *

0 : ;

0 5 10 15
Electric field (V.um™)
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compound CBO60BFOCF3est HTP

0.163399 nm™

Ve unwing 30V Gradient 0.0344 V'I}J.m Tai 154 °C
pitch 274.3 nm K unknown pN T 145.5 °C
Thickness 4.95 um e/K 0.787984 V"' T/Tyny  0.98
eP/K 2.16E-04 V'um
Electric field
i real V per micron Max Angle Min Angle tilt anglctan ¢
1 29 0.585859 0 0 0 0
2 58 1.171717 0 0 0 0
3 8.7 1.757576 0 0 0 0
4 11.6 2.343434 0 0 0 0
5 145 2.929293 64.8 513 6.75 0.118
6 17.4 3.515152 64.2 477 825 0.145
7 203 4.10101 67.4 47.8 9.8 0.173
8 232 4.686869 67 47 10 0.176
9 26.1 5.272727 0 0 0 0
10 29.0 5.858586 0 0 0 0
y = 0.0344x + 0.022
0.2 —R*=09251
0.18 4 — -
0.16 -
0.14
< 0.12 1
S 01
= 0.08 - =
0.06 - |
0.04 -
0.02 - ~
0 T 1 T T
0 1 2 3 4 5
Electric field (V.um™)
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compound CBO70OBFOCF3  est HTP  0.163399 nm’’

V¢ unwin 33V Gradient  0.0829 V'um Tai 133 °C
pitch 285.0726 nm K OpN T 124.9 °C
Thickness 4.96 pm e/K 1.82717 V"' T/Ty; 0.98

eP/K 5.21E-04 V'um

Electric field
# real V per micron Max Angl Min Angle tilt angle tan ¢
1 3.2 0.645161 0 0 0 0
2 6.4 1.290323 0 0 0 0
3 9.6 1.935484 338.8 320.5 9.15 0.161
4 12.8 2.580645 339.5 3154 12.05 0.213
5 16.0 3.225806 341.2 310.6 15.3 0.274
6 19.2 3.870968 344.2 308.8 17.7 0.319
7 22.4 4.516129 346.8 306.1 2035 0.371
8 25.6  5.16129 348.9 304.9 22 0.404
9 28.8 5.806452 349.1 304.1 22.5 0414
10 32.0 6.451613 0 0 0 0

y = 0.0829x

I R*=0998T
0 1 2 3 4 5

Electric field (V.um™)
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compound CBOSOBFOCF3  est HTP  0.163399 nm’
V¢ unwine 40 V Gradient  0.0279 V'um Ty 104 °C
pitch 400.5282 nm K unknown pN T 96.5 °C
Thickness 4.95 um e/K 0.437674 V"' T/Tx; 0.98
eP/K 1.75E-04 V'um
Electric field
# real V per micron Max Angle Min Angl¢tilt angle tan ¢
1 3.9 0.787879 57 53.4 1.8 0.03
2 7.8 1.575758 57.8 51 3.4 0.06
3 11.7 2.363636 58.6 49.4 4.6 0.08
4 15.6 3.151515 61.5 49.5 6 0.11
5 19.5 3.93939%4 62.4 49.4 6.5 0.11
6 23.4 4.727273 62.8 48 7.4 0.13
7 27.3 5.515152 63.6 47 83 0.15
8 31.2 6.30303 65.5 47 9.25 0.16
9 35.1 7.090909 0 0 0 0
0.2 y =0.0279x
0.18 R =09213 - —
0.16 -~ ]
0.14 -
= 0.12 4
& 0.1 1
~ 0.08 A =
0.06 - o
0.04 -
0.02 -
O T T
0 2 4 8
Electric field (V.um™)
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compound CBO9OBFOCF3 est HTP 0.1634 nm™

Electric field (V.um™)

Veunwine 30V Gradient  0.1112 V'um Ty, 115 °C
pitch 300.4 nm K unknown pN T 107.2 °C
Thickness 5.05 um e/K 2326 V' T/Ty  0.98
eP/K 6.99E-04 V'um
Electric field
= real V. per micron Max Angl¢ Min Angl tilt angl tan ¢
1 2.9 0.574257 323 24.3 4 0.07
2 5.8 1.148515 36 21.7  7.15 0.125
3 8.7 1.722772 41.2 19 11.1 0.196
4 11.6 2.29703 43.8 10.3 16.75 0.301
5 14.5 2.871287 47.9 12 17.95 0.324
6 174 3.445545 52.9 9.6 21.65 0.397
7 20.3 4.019802 52 5 23.5 0.435
8 23.2 4.594059 59.8 6.5 26.65 0.502
9 26.1 5.168317 62.3 29 297 0.57
0.7 y:ﬂ1110y
064 R*=0.9889
054
S 041
8 031 -
0.2 -
0.1 -
0 . ; . . .
0 1 2 3 4 5 6
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compound CBO100BFOCF3 est HTP  0.163399 nm’

V¢ unwing 40 V Gradient 0.0367 V']um Ty 140 °C

pitch 334.5873 nm K unknown pN T 131.7 °C

Thickness 5.05 um e/K 0.689186 V' T/Ty, 0.98
eP/K 2.31E-04 V'um

Electric field

# real V per micron Max Angle Min Angle tilt angle tan ¢
1 3.9 0.772277 0 0 0 0
2 7.8 1.544554 0 0 0 0
3 11.7 2.316832 0 0 0 0
4 15.6 3.089109 0 0 0 0
5 19.5 3.861386 0 0 0 0
6 23.4 4.633663 0 0 0 0
7 27.3 5.405941 30 7 11.5 0.2
8 31.2 6.178218 30.7 4.5 13.1 0.23
9 35.1 6.950495 30.9 32 13.85 0.25

10 39.0 7.722772 0 0 0 0
y =0.0367x
928 T—R*=TUBETS E—
024 - - / :
0.22 4 _ R
0.2 1 -
0.18 4 :
< 0.16 -
c 014
= 0.12 1 —
0.1 4 — —
pgg
0.06 1
0.04 4 o
0.02 4
O T T T
0 2 4 6 8
Electric field (V.um™)
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compound CBO110BFOCF3 est HTP  0.163399 nm’’
Ve unwin 40 V Gradient  0.1233 V'um Ty, 104 °C
pitch 309.9979 nm K unknown pN T 96.5 °C
Thickness 5.05 pm e/K 2.499103 V"' T/Ty; 0.98
eP/K 7.75E-04 V'um
Electric field
# real V per micron Max Angle Min Angle tilt angl¢ tan ¢
1 39 0.772271 29.8 18.5 5.65 0.1
2 7.8 1.544554 35.2 13 11.1 0.2
3 11.7 2.316832 39.2 8.1 15.55 0.28
4 3.0 0.594059 23.4 13.4 5 0.09
5 5.0 0.990099 314 16.6 7.4 0.13
6 6.3 1.237624 33.2 16.4 8.4 0.15
7 8.8 1.732673 36.7 13 11.85 0.21
8 10.0 1.980198 38 10.5 13.75 0.24
9 12.5 2.475248 0 0 0 0
10 39.0 7.722772 0 0 0 0
y = 0.1233x
éogé T —R*=0.9879
&
= Q. g:
;1
12 4 - .
gogé 1 . -
0 0.5 1 15 2 2.5
Electric field (V.um™)
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C.2. Chapter 4

C.2.1. 3CHPOnOPCH3 in E7

1

compound E7 HTP E7 0.1 nm’
Veunwine 16 V Gradient  0.0302 V'pm Ty 80 °C
pitch 491 nm K 11.6 pN T 72.9 °C
Thickness 10 pm e/K 0.38653 V! T/Tny 0.98
e 4.48377 pCm’*
eP/K 1.90E-04 V'um
Electric field
# real V per micron Max Angle¢ Min Angl tilt angle tan ¢
1 1.5 0.15 0 0 0 0
2 3.0 0.3 79.2 77.8 0.7 0.012
3 45 0.45 79.4 77.5 0.95 0.017
4 6.0 0.6 79.8 77.2 1.3 0.023
5 75 0.75 79.8 76.9 1.45 0.025
6 9.0 0.9 82 78.7 1.65 0.029
7 10.5 1.05 82.1 78.5 1.8 0.031
8 12.0 1.2 82.2 78.3 1.95 0.034
9 135 1.35 82.3 78.1 2.1 0.037
10 15.0 1.5 0 0 0 0
0.06
0.04 - y = 0.0302x 7
pn R?=0.8591 o
Q]

0.02 1

Electric field (V.um™)
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compound 20% 3CHPO60OPCHS3 in E7 HTP E7 100 um‘l

Vcunwind 24 V Gradient 0.0305 V'um Ty 66 °C
pitch 7522.9 nm K 11.6 pN T 59.2 °C
Thickness 4.94 pm e/K 0.36647 V' T/Tn; 0.98
e 4251055 pCm’’
eP/K 1.92E-04 V'um
Electric field
# real V per micron Max Angle Min Angle tilt angle tan ¢
1 23 0.465587° 27647 2744 1 0.02
2 4.6 0.9311747 2777 2734 1.8 0.03
369 13967617 27777 2724 2.65 0.05
4 92 1.862348° 2783 2714 345 0.06
5 11.5 2327935 2782 270 4.1 0.07
6 13.8 2.793522" 2785 2697 4.4 0.08
7 16.1 32591097  279.8°  268.6 56 0.1
8 184 3.724696°  282.2" 268 7.1 0.12
9 20.7 4.190283 282.7°  268.9 6.9 0.12
10 23.0 4.65587 0" 0 0 0
e ] o ® _o _
0 . . l ’
0 1 /) 3 4 5
Electric field (V.um™)
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pm’™

compound 20% 3CHPO70PCH3 in E'HTP E7 100
Vcunwind 28 V Gradient 0.0233 V'lum Tai 7 °C
pitch 597 nm K 11.6 pN T 28.8 °C
Thickness 4.94 um e/K 0.245429 V"' T/Tyy 0.98
e 2.846973 pCm’’
eP/K 1.46E-04 V'um
Electric field
# real V per micron Max Angle Min Angle tilt angl tan ¢
1 2.7 0.546559 275.3 273.5 0.9 0.02
2 54 1.093117 276.5 273.3 1.6 0.03
3 8.1 1.639676 275.7 271.9 1.9 0.03
4 10.8 2.186235 276.9 270.4  3.25 0.06
5 13.5 2.732794 277.3 269.7 3.8 0.07
6 16.2 3.279352 277.8 268.7 4.55 0.08
7 189 3.825911 278.4 268 52 0.09
8 21.6 4.37247 278.4 267.7 5.35 0.09
9 24.3 4919028 279.2 267.4 59 0.1
10 27.0 5.465587 279.3 267.1 6.1 0.11
012 y = 0.0233x
0.1
0.08 -
-
S 006
0.04 -
0.02 -1
0 T T 1 T
0 1 2 3 4 5
Electric field (V.um™)
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pm’

compound 20% 3CHPOS8OPCH3 in E7 HTP E7 100
Ve unwine 2V Gradient  0.0261 V'um Ty,  71°C
pitch 526.5 nm K 11.6 pN T 64.1 °C
Thickness 4.94 um e/K 0311474 V' T/Ty 0.98
e 3.6131 pCm™
eP/K 1.64E-04 V'um
Electric field
“ real V per micron Max Angle Min Angle tilt angl tan ¢
1 2.1 0.425101 2756 274.1 0.75 0.01
2 4.2 0.850202 2759 273.3 1.3 0.02
3 6.3 1.275304 276.9 272.7 2.1 0.04
4 8.4 1.700405 277.5 272.4 255 0.04
5 10.5 2.125506 278.3 2714 345 0.06
6 12.6 2.550607 278.6 270.8 3.9 0.07
7 14.7 2.975709 279.5 270.7 4.4 0.08
8 16.8 3.40081 279.5 269.9 4.8 0.08
9 18.9 3.825911 280.1 269.7 5.2 0.09
y = 0.0261x
01 T R*=0986
0.08 - =
= 0.06 -
5
= 0.04 -
0.02 -
O T T T
0 1 2 3 4
Electric field (V.um™)
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-1
pm

compound 20% 3CHPO9OPCH3 in E'HTP E7 100
Veunwine 20V Gradient  0.0107 V'um Tni 35°C
pitch 558.5 nm K 11.6 pN T 28.8 °C
Thickness 2.94 pm e/K 0.12037 V"' T/Tyny 0.98
e 1.39627 pCm’*
eP/K 6.7E-05 V'um
Electric field

# real V per micron Max Angle Min Angltilt angle tan ¢

1 1.9 0.646259 273.4 271.9  0.75 0.013

2 3.8 1.292517 274.3 271 1.65 0.029

3 5.7 1.938776 274.4 269.5  2.45 0.043

4 7.6 2.585034 275.6 269.4 3.1 0.054

5 9.5 3.231293 276 268.7  3.65 0.064

6 11.4 3.877551 276.5 268.2  4.15 0.073

7 133 4.52381 276.9 267.5 4.7 0.082

8 15.2 5.170068 277.3 267  5.15 0.09

9 17.1 5.816327 277.3 266.1 5.6 0.098

10 19.0 6.462585 2773 265  6.15 0.108

=

§ I

6
Electric field (V.um™)
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compound 20% 3CHPO10OPCH3 in IHTP E7 100 um'l

Ve unwing 22V Gradient  0.0373 V'lum T 35°C
pitch 590.3 nm K 11.6 pN T 28.8 °C
Thickness 4.95 um e/K 0.39706 V"' T/Tyy  0.98
e 4.60586 pCm’’
eP/K 2.34E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angl tilt angle tan ¢
1 2.1 0.424242 301.8 300.7  0.55 0.0096
2 4.2 0.848485 303.2 299.4 1.9 0.0332
3 6.3 1.272727 304.8 298.2 3.3 0.0577
4 84 1.69697 307.6 298.6 4.5 0.0787
5 10.5 2.121212 308.5 297.7 5.4 0.0945
6 12.6 2.545455 309.2 296.9  6.15 0.1078
7 147 2.969697 309.9 296.3 6.8 0.1192
8 16.8 3.393939 310.3 295.8  7.25 0.1272
9 18.9 3.818182 310.6 295.6 7.5 Q1317
10 21.0 4.242424 309.2 293.7  7.75 0.1361
0.18 y =0.0372x
016 4 R*=0.9155
0.14 -+ = = >
= %51
§ 0.08- -
0.06 +
0.04 - ~ -
0.02 - -
0 — T T T
0 1 2 3 4 5
Electric field (V.um™)
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compound 20% 3CHPO110PCH3 in E7 HTP E7

100 pm’

Veunwine 24V Gradient 0.0259 V'um Ty, 66 °C
pitch 497.7 nm K 11.6 pN T 59.2 °C
Thickness 4.94 um e/K 0.326955 V"' T/Tyn; 0.98
e 3.79268 pCm’
eP/K 1.63E-04 V'um
Electric field
# real V per micron Max Angle Min Angle tilt anglctan ¢
1 2.3 0465587 288.7 287.1 0.8 0.01
2 4.6 0931174 289 285.7 1.65 0.03
3 6.9 1396761 294 289.8 2.1 0.04
4 9.2 1.862348 291.2 285.7 2.75 0.05
5 11.5 2.327935 288.9 281.6  3.65 0.06
6 13.8 2.793522 293.2 2843 445 0.08
7 16.1 3.259109 291 281.4 4.8 0.08
8 18.4 3.724696 290.7 280.5 51 0.09
9 20.7 4.190283 290.7 280.3 52 0.09
10 23.0 4.65587 0 0 0 0
0.12
0.1
0.08 -
<
S 0.06 -
0.04 -
0.02 -
O T T

Electric field (V.um™)
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compound 20% 3CHPO120PCH3 in HTP E7

100 pm’

Veunwinc 16V Gradient  0.0383 V'um Tni 66 °C
pitch 536 nm K 11.6 pN T 39.2 °C
Thickness 4.99 pm e/K 0.44866 V"' T/Ty; 0.98
e 5.20448 pCm’
eP/K 2.41E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Anglitilt angl¢ tan ¢
1 1.5 0.300601 269.5 268.2  0.65 0.01
2 3.0 0.601202 270.5 267.6 145 0.03
3 4.5 0901804 271.2 266.7 225 0.04
4 6.0 1.202405 272 266.7  2.65 0.05
5 7.5 1.503006 272.6 265.5  3.55 0.06
6 9.0 1.803607 273.2 265.2 4 0.07
7 10.5 2.104208 273.4 2643  4.55 0.08
8 12.0 2.40481 273.8 263.8 5 0.09
9 13.5 2.705411 274.1 263.6 525 0.09
10 15.0 3.006012 274.5 263.2  5.65 0.1
0.1 ¥=0.0383x
0.08 R?=0.9858 o .
= 0.06 A
&
= 0.04 1
0.02 4
0 = T
0 1 2 3
Electric field (V.um™)
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C.2.2. CBOnOPCH3

compound CBO60OPCH3  HTP 163.3987 pm’’
Veunwine 30V Gradient  0.0269 V'um Ty, 187 °C
pitch 308.7 nm K unknown pN T 177.8 °C
Thickness 4.83 um e/K 0.547432 V"' T/Tyy 0.98
eP/K 1.69E-04 V'um
Electric field
7 real V per micron Max Angl¢ Min Angle tilt angl tan ¢
1 29 0.600414 257.8 255.8 1 0.02
2 5.8 1.200828 260.7 256.5 2.1 0.04
3 8.7 1.801242 268 262 3 0.05
4 11.6 2.401656 268.9 261.3 3.8 0.07
5 14.5 3.00207 269.6 259.7 495 0.09
6 17.4 3.602484 270.4 259 57 04
7 20.3 4.202899 271 258.8 6.1 0.11
8 23.2 4.803313 271.6 257.3 7.15 0.13
9 26.1 5.403727 271 257 7 0.12
10 29.0 6.004141 266.5 251.5 7.5 0.13
y = 0.0269x
014 T7R7=0.986
0.12 -
0.1 -
= 0084
£ 0.06 -
0.04 -
0.02 -
0 .
0 5 6
Electric field (V.um™)
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compound CBO7OPCH3 HTP 0.163399 nm"

Veunwine 32V Gradient 00389 V'um T, 139 °C
pitch 295.5 nm K unknown pN T 130.8 °C
Thickness 4.9 um e/K 082723 V' T/Ty, 0.98
eP/K 2.44E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angle tilt anglitan ¢
1 3.1 0.632653 283.3 280.5 1.4 0.02
2 6.2 1.265306 284.8 279 2.9 0.05
3 9.3 1.897959 280 270.7  4.65 0.08
4 124 2.530612 2852 273.7 s 0.
5 15.5 3.163265 286.5 271.1 7.7 0.14
6 18.6 3.795918 287.4 271 8.2 0.14
7 21.7 4.428571 288.7 269 9.85 0.17
8 24.8 5.061224 290.9 269.8 10.55 0.19
9 27.9 5.693878 293 269.7 11.65 0.21
10 31.0 6.326531 294.1 268.8 12.65 0.22
0.22
0.2 1= ~ —
48 L 20X <
0.16 4+R"=0.9855 -
o 0.14 1
S 012 -
8 01-
0.08 4 .
0.06 -
0.04 4
0.02 -
O T T | 1 T
0 1 2 3 4 5 6
Electric field (V.um™)
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compound CBOSOPCH3 HTP

0.1634 nm™

Veunwine 35V Gradient  0.0277 V'um Tnr 170 °C
pitch 268.7 nm K unknown pN T 161.1 °C
Thickness 4.89 um e/K 0.64776 V"' T/Tny 0.98
eP/K 1.74E-04 V'um
Electric field
# real V per micron Max Angle Min Anglctilt angle tan ¢
1 3.4 0.695297 27 268.8 1.1 0.02
2 6.8 1.390593 272.4 267.6 24 0.04
3 102 2.08589 273.4 266.4 3.5 0.06
4 13.6 2.781186 2743 265.1 4.6 0.08
5 17.0 3.476483 275.1 263.8 565 0.1
6 204 4.171779 276.7 263.5 6.6 0.12
7 23.8 4.867076 277.7 263.1 7.3 0.13
8 272 5.562372 278.2 262.7 7.75 0.14
9 30.6 6.257669 278.7 263 7.85 0.14
10  34.0 6.952965 278.5 261.8 8.35 0.15
0.16 ¥=0.0277x
014 R*=0.9908 .
0.12 -
o 011 -
E 0.08 -
0.06 - -
0.04 -
0.02 -~
0 T T T T T
0 1 2 3 4 5 6
Electric field (V.um™")
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compound CBO9OPCH3  HTP 0.163399 nm™
Veunwine 45V Gradient 0.0307 V'lum Tai 138 °C
pitch 232.9 nm K unknown pN T 129.8 °C
Thickness 4.92 um e/K 0.828204 V"' T/Tyy  0.98
eP/K 1.93E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Angle tilt angle tan ¢
1 4.4 0.894309 268.5 265.2 1.65 0.03
2 8.8 1.788618 2635.5 258.5 3.5 0.06
3 13.2 2.682927 267.3 257.3 5 0.09
4 17.6 3.577236 269 255.7 6.65 0.12
5 22.0 4.471545 270.5 254.8 7.85 0.14
6 26.4 5.365854 271.7 253 9.35 0.16
7 30.8 6.260163 273.1 2514 10.85 0.19
8 35.2 7.154472 275 251.1  11.95 0.21
9 39.6 8.04878 278.7 2523 13.2 0.23
10 44.0 8.943089 0 0 0 0
y = 0.0307x
0.24 2=
05s ] K -09938
024
0.18
0.16 A1
s 012
2 014
0.08 +
0.06 -
0.04 4
0.02 A -
0 T T T
0 2 4 6 8

Electric field (V.um™)
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compound CBO10OPCH3 HTP

0.163399 nm’

Veunwine 20V Gradient  0.0423 V'um Ty
pitch 312.8 nm K unknown pN T
Thickness 4.88 pum e/K 0.849801 V" T/Tny
eP/K 0.000266 V'um
Electric field
¥ real V per micron Max Angle Min Angle tilt angle tan ¢
1 1.9 0.389344 0 0 0 0
2 3.8 0.778689 0 0 0 0
3 5.7 1.168033 0 0 0 0
4 7.6 1.557377 302 294.4 3.8 0.07
5 9.5 1.946721 303.5 294.7 44 0.08
6 11.4 2.336066 306.8 294.9 595 0.1
7 133 2.72541 307 293.6 6.7 0.12
8 152 3.114754 308.5 293.5 7.5 0.13
9 17.1 3.504098 310 293.4 83 0.15
10 19.0 3.893443 311.9 294.7 8.6 0.15
0,24 ¥ =00807x
0224 R°=009938
0.7 4— s
0.18 1
0.16
s 0131
2 014
0.08 4
0.06 -
0.04 4
0.02 4
0 T
0 4 8
Electric field (V.um™)
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compound CBO110PCH3 est HTP  0.163399 nm’'

Vcunwind 33V Gradient 0.0391 V']um T 135 °C
pitch 295.7 nm K 0 pN T 126.8 °C
Thickness 4.97 um e/K 0.830949 V' T/Ty 0.98
eP/K 2.46E-04 V'um
Electric field
i real V per micron Max Angl¢ Min Angle tilt angle tan ¢
1 3.2 0.643863 244 240.7 1.65 0.028806
2 6.4 1.287726 245.4 239 3.2 0.055909
3 9.6 1.93159 246.6 237.3 4.65 0.081336
4 12.8 2.575453 247.7 235.5 6.1 0.106869
5 16.0 3.219316 249.9 235.1 7.4 0.129877
6 19.2 3.863179 251.2 234 8.6 0.151236
7 22.4 4.507042 252 232.4 9.8 0.17273
8 25.6 5.150905 253.5 231.5 11 0.19438
9 28.8 5.794769 254 230.2 11.9 0.210733
10 32.0 6.438632 255.3 228.9 13.2 0.234548
y =0.0391x
0.22 2=
55 ] R =099 —
0.18 4 ~ o
0.16 - -
. 0.14 -
s 0124
S 014
0.08 ¢ -
0.06
0.04 -
0.02 -
O T 1 T 1 T
0 1 2 3 4 5 6
Electric field (V.um™")
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compound CBO120PCH3 HTP 163.3987 pm’’

Veunwine 39V Gradient 0.023 V"]um Tai 145 °C
pitch 204 nm K 0 pN T 136.6 °C
Thickness 4.9 um e/K 0.707654 V"' T/Tn; 0.98
eP/K 1.45E-04 V''um
Electric field
# real V per micron Max Angle Min Anglctilt angle tan ¢
1 3.8 0.77551 277.7 275.3 1.2 0.02
2 7.6 155102 271.9 273.5 22 0.04
3 11.4 2.326531 279.7 272.9 3.4 0.06
4 152 3.102041 280.9 272.8 4.05 0.07
5 19.0 3.877551 283.2 272.8 52 0.09
6 22.8 4.653061 284.4 271.7 6.35 0.11
7 26.6 5.428571 284.6 270.8 6.9 0.12
8 30.4 6.204082 285.5 269.7 79 0.14
9 342 6.979592 283.5 266 8.75 0.15
10 38.0 7.755102 281 2599 10.55 0.19
0.1 Y= 0.023
-y R%=0.9913 ) |
0.12 A
o 017 -
E 0.08 A 1
0.06 1+ -
0.04 - =
0.02 4
0 T . T
0 2 4 6 8

Electric field (V,pm'1)
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C.2.3. CBO110PCH3/3CHPO110PCH3

pm’

compound 3CHPO70PCH3/OCB 20/80 est HTP 163
Veunwine 30V Gradient  0.0418 V'um Ty 131 °C
pitch 242 nm K unknown pN T 122.9 °C
Thickness 4.95 um e/K 1.08542 V"' T/Tny 098
eP/K 2.63E-04 V'um
Electric field
# real V per micron Max Angle Min Anglctilt angle tan ¢
1 29 0.585859 0 0 0 0
2 5.8 1.171717 284.9 278.9 3 0.05
3 8.7 1.757576 285.2 275.8 4.7 0.08
4 11.6 2.343434 284.6 273.6 55 0.1
5 14.5 2.929293 288.4 275 6.7 0.12
6 17.4 3.515152 291.7 274  8.85 0.16
7 203 4.10101 290.5 271.9 93 0.16
8 23.2 4.686869 286.9 269.6  8.65 0.15
9 26.1 5.272727 289 268.7 10.15 0.18
10 29.0 5.858586 289.5 269 10.25 0.18
02 L= 0.0418x
s _
§
5
Electric field (V.um™)
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compound 3CHPO110PCH3/OCB 40/6(HTP 163 um'l

Ve unwing

pitch

Thickness 4.95 um

p—

28V Gradient 0.0323 V'um Ty
313 nm K 0 pN T
e/K 0.64898 V' T/Ty
eP/K 2.03E-04 V'um
Electric field
real V per micron Max Angle Min Angl tilt angle tan ¢
2.7 0.545455 0 0 0 0
5.4 1.090909 293 288.5 2.25 0.04
8.1 1.636364 294.3 287.5 3.4 0.06

S 0O 09O B W —

10.8 2.181818
13.5 2.727273
16.2 3.272727
18.9 3.818182
21.6 4.363636
24.3 4.909091
27.0 5.454545

294.9 286.6  4.15 0.07
297.1 286.6 525 0.09
298.1 285.5 6.3 0.11

299 285 7 0.12
299.7 284.3 7.7 0.14
301.3 283.7 8.8 0.15

302 283.7  9.15 0.16

tan ¢

y = 0.0323x

0.18
0.16 1
0.14 4
0.12 1

0.1+
0.08 -
0.06 1
0.04 -
0.02 1

R7= 09866

0 T
0 1

-
=

Electric field (V.um™)
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compound 3CHPO110PCH3/OCB 60/4( HTP 163 pm

Vecunwine 45V Gradient 0.0114 V'lum Tni 120 °C
pitch 312.7 nm K 0 pN T 112 °C
Thickness 4.95 pm e/K 0.229052 V"' T/Ty, 0.98
eP/K 7.16E-05 V''um
Electric field
“ real V per micror Max Angle Min Angletilt angle tan ¢
1 4.4 0.888889 252.9 231.7 0.6 0.01
2 8.8 1.777778 253.4 251 1.2 0.02]
3 13.2 2.666667 254.3 250.4 1.95 0.034
4 17.6 3.555556 255.2 249.7 2.75 0.048
5 22.0 4.444444 255.5 249 3.25 0.057
6 264 5.333333 256.2 249.4 3.4 0.059
7 30.8 6.222222 256.5 248.9 3.8 0.066
8 352 7.111111 256.3 247 4.65 0.081
9 39.6 8 255.4 245.5 4.95 0.087
10 44.0 8.888889 254.6 243.3 5.65 0.099
01 y2= 0.0114x
R? = 0.9566 .
0.08 - e
< 0.06 - ~
&
= 0.04 _—
0.02 -~
O 1 1 T 1
0 2 4 6 8 10
Electric field (V.um™)
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C.2.4. CBOnOPCH?7

compound CBO40PCH7 est HTP  163.399 pm’

Vecunwine 13V Gradient 0.03 V'um Tni

pitch 283.1 nm K unknown pN T

Thickness 4.97 um e/K 0.66577 V' T/Ty

eP/K 1.88E-04 V''um
Electric field

7 real V per micron Max Angl¢ Min Angl tilt angl¢tan ¢
1 1.2 0.241449 250.2 248.7 0.75 0.013
2 2.4 0.482897 250.1 247 1.55 0.027
3 3.6 0.724346 251.3 247 2.15 0.038
4 4.8 0.965795 252 246 3 0.052
5 6.0 1.207243 252.9 245.6 3.65 0.064
6 7.2 1.448692 252.2 244 4.1 0.072
7 8.4 1.690141 253.1 244.1 4.5 0.079
8 9.6 1.93159 253.6 243.4 5.1 0.089
9 10.8 2.173038 254.3 243 5.65 0.099
10 12.0 2.414487 254.8 242 .4 6.2 0.109

199 °C
189.6 °C
0.98

y = 0.0471x
R?=0.9795

1 1.5 2 2.5 3

Electric field (V.um™)
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compound CBO60OPCH7 est

HTP  163.3987 pm’

172 °C
163.1 °C
0.98

Veunwind 28 V Gradient ~ 0.0332 V'um Ty,
pitch 274 nm K unknown pN T
Thickness 4.97 um e/K 0761675 V' T/Ty
eP/K 2.09E-04 V'um
Electric field
i real V per micron Max Angle Min Angle tilt angli tan ¢
1 2.7 0.54326 271.9 269.6 1.15 0.02
2 54 1.086519 272.8 268.5 2.15 0.04
3 8.1 1.629779 274 267.2 3.4 0.06
4 10.8 2.173038 274.9 2664 425 0.07
5 13.5 2.716298 275.6 265 5.3 0.09
6 162 3.259557 276.8 264 6.4 0.11
7 18.9 3.802817 271.5 263.2 7.15 0.13
8 21.6 4.346076 2715 262  7.75 0.14
9 243 4.889336 278 261.5 825 0.14
10 27.0 5.432596 278.8 261.4 8.7 0.15
016 147 geed
Bt o %
0.12 -~
o 0.1
E 0.08 -
0.06 1
0.04
0.02
0 T T T T
0 1 2 3 4 5

Electric field (V.um™)
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compound CBO7OPCH7 estHTP  163.3987 pm™
Veunwine 25V Gradient  0.0342 V'um Ty, 124 °C
pitch 322 nm K 0 pN T 116 °C
Thickness 4.96 pm e/K 0.667691 V"' T/Ty, 0.98
eP/K 0.000215 V'um
Electric field
# real V per micron Max Angl¢ Min Anglctilt anglctan ¢
1 2.4 0.483871 258.5 2564  1.05 0.02
2 4.8 0.967742 259.9 2559 2 0.03
3 7.2 1451613 2603 2544 295 0.05
4 9.6 1.935484 2614 2535  3.95 0.07
5 12.0 2.419355 262.5 2527 49 0.09
6 14.4 2.903226 2635 2519 58 0.1
7 16.8 3.387097 264.1 2516 625 0.11
8 19.2 3.870968 2652 2499  7.65 0.13
9 21.6 4.354839 265.8 249 8.4 0.15
10 24.0 4.83871 268.6 250 9.3 0.16
0.18
016 4 y=0.0342x _ - -
0.14 4 R*=0.9962 .
- o.o1f- —
8§ 008
0.06 { - -
0.04 4- -
0.02 {-
0 . ;
0 2 4 6
Electric field (V.um™)
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compound CBOSOPCH7  est HTP  163.3987 um’
Veunwine 26V Gradient  0.0347 V'um Ty, 153 °C
pitch 321 nm K unknown pN T 144.5 °C
Thickness 4.97 um e/K 0.679311 V! T/Ty; 0.98
eP/K 2.18E-04 V'um
Electric field
# real V per micron Max Angl¢ Min Anglctilt anglc tan ¢
1 2.5 0.503018 262.2 259.7 1.25 0.02
2 5.0 1.006036 263.7 259.3 2.2 0.04
3 7.5 1.509054 264 257.6 3.2 0.06
4 10.0 2.012072 265.4 256.6 44 0.08
5  12.5 2.515091 265.5 255.1 5.2 0.09
6 15.0 3.018109 265 253 6 0.11
7 17.5 3.521127 265 251.5  6.75 0.12
8 20.0 4.024145 264.6 249.4 7.6 0.13
9 225 4.527163 263.1 246.8  8.15 0.14
10 25.0 5.030181 255.3 2382 855 0.15
016 yz 0.0347x
014 F°=0.985 . ]
0.12 4 -
o 01-
§ 0.08 -
0.06 - -
0.04 - R
0.02 -
0 T T T T
0 1 2 3 4 5

Electric field (V.um™)
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compound CBO9OPCH7  est HTP 163.39869 pm’

Veunwine 26 V Gradient 0.0435 V'um Ty, 140 °C
pitch 317.3 nm K unknown pN T 132 °C
Thickness 4.97 pm e/K 0.0008615 V"' T/Tn; 0.98
eP/K 2.733E-07 V'um
Electric field
# real V per micror Max Angle Min Angle tilt angle tan ¢
1 2.5 0.503018 311.6 308.9 1.35 0.02
2 5.0 1.006036 314.9 309.5 2.7 0.05
3 7.5 1.509054 315.8 308.5 3.65 0.06
4 10.0 2.012072 317 306.4 5.3 0.09
5 12,5 2.515091 317.5 305.3 6.1 0.11
6 150 3.018109 319.7 304.1 7.8 0.14
7 17.5 3.521127 315.6 297.9 8.85 0.16
8 20.0 4.024145 321.7 301.5 10.1 0.18
9 225 4.527163 322.8 300.2 11.3 0.2
10 25.0 5.030181 323.7 299.1 123 .22
y = 0.0435x + 0.002
0.24
0221 -
0.2 - —
0.18 4
0.16 4
g 81 **
£ 7071
0.08 A -
0.06 -
0.04 4
0.02 1
0 T T T T T
0 1 2 3 4 5 6
Electric field (V.um™)
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compound CBO100OPCH7 est HTP 163.39869 um'l
Veunwine 26V Gradient 0.0356 V'um Ty,
pitch 314.6 nm K unknown pN T
Thickness 4.97 um e/K 0.7109782 V"' T/Tx
eP/K 2.24E-04 V'um
Electric field
# real V per micror Max Angle Min Angle tilt angle tan ¢
1 2.5 0.503018 301.8 298.7 1.55 0.027
2 5.0 1.006036 301.9 297.7 2.1 0.037
3 7.5 1.509054 305.5 299.4 3.05 0.053
4 10.0 2.012072 308.2 299.7 425 0.074
5 12,5 2.515091 312.3 301.8 5.25 0.092
6 150 3.018109 316.4 304.1 6.15 0.108
7 17.5 3.521127 318 304.7 6.65 0.117
8 20.0 4.024145 321.3 304.6 8.35 0.147
9 225 4.527163 322 303.5 9.25 0.163
10 25.0 5.030181 327.6 303.4 12.1 0.214
016 y2= 0.0356x
0.14 4R =0.5046 -
0.12 -
o 0.1 -
§ 0081
0.06 -
0.04 -
0.02 -
0 ; . . .
0 1 2 3 4 5
Electric field (V.um™)

146 °C
138 °C
0.98
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compound CBO110PCH7  est HTP 163.39869 pum’'

Veunwine 26V Gradient 0.0394 V'ium Ty  127°C
pitch 305.2 nm K 0 pN T 119 °C
Thickness 4.57 pm e/K 0.811141 V"' T/Tny 0.98
eP/K 0.0002476 V'um
Electric field
# real V per micror Max Angle Min Angle tilt angle tan ¢

2.5 0.547046 231.9 249.3 1.3 0.023
5.0 1.094092 252.7 247.8 2.45 0.043
7.5 1.641138 253.3 245.8 3.75 0.066
10.0 2.188184 254.4 244 5.2 0.091
12.5  2.73523 254.7 242.5 6.1 0.107
3.282276 257.8 242.6 7.6 0.133
17.5 3.829322 256.6 239.9 8.35 0.147
20.0 4.376368 258.9 239.6 9.65 0.17
22.5 4.923414 260 238.2 10.9 0.193
25.0 5.47046 261.3 236.7 12.3 0.218

S O X 9N N AW N -
—_—
9]
o

[a—

0.2
0.18 - y = 0.0394x i o
0.16 4 R?*=0.9965 . ?
0.14 4 -
o 0.12 4
S 0.1
< 0.08 -
0.06 - -
0.04 4
0.02
0 T Ll 1 L
0 1 2 3 4 5
Electric field (V.um™)

518



compound CBO120PCH?7 est HTP

163.399 um’™'

Veunwine 43V Gradient 0.0217 V'um Ty,  137°C
pitch 136.1 nm K unknown pN T 129 °C
Thickness 4.97 pm e/K 1.0015 V"' T/Tyn; 0.98
eP/K 1.36E-04 V'um
Electric field
# real V per micron Max Angle Min Angl tilt anglctan ¢
1 42 0.84507 247.6 2456 1 0.017
2 8.4 1.690141 247.8 2433 225 0.039
3 12.6 2.535211 250.1 243 3.55 0.062
4 16.8 3.380282 250.5 241.6 445 0.078
5 21.0 4.225352 2514 2404 5.5 0.096
6 252 5.070423 2524  239.8 63 0.11
7 29.4 5.915493 256.8 2425  7.15 0.125
8 33.6 6.760563 262.6  246.6 8 0.141
9 37.8 7.605634 254.7 238 835 0.147
10 42.0 8.450704 2545  236.6 895 0.157
y =0.0217x
0.16 1R7=70.9886
B4 %
0.12 1 —
o 01
§ 0.08 A —
0.06 v
0.04 -
0.02 - _
0 T T T
0 2 4 6 8
Electric field (V.um™)
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Appendix D

Orientational Ordering Data for Anthracene Dissolved in

Liquid Crystal Hosts

{CUE MUSIC: Dum, DU-Dum, Dud-Du. )

HEY, CECILAS

£ tell me more, \.[° tell me more, ¥
tell me mere... 1°\ tell me more...

\»/\»J. PHDCOMftS. COM GF’I\D

"Piled Higher and Deeper" by Jorge Cham
www.phdcomics.com Used with permission
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D. Appendix D

D.1. CBOY0OCB

The order parameters S,,, Sx«, Syy and the biaxial ordering Sx-Syy for per-deuterated

anthracene dissolved in CBO90OCB.

Temperature /°C (Ty-T) Avg /kHz Av,  /kHz S, S S,y S-Sy
170 -1 0.0 0.0 0.000 0.000 0.000 0.000
168 0 56.9 -15.1 0.291 -0.068 -0.223 0.156
167 1 62.2 -16.9  0.319 -0.076 -0.243 0.168
166 2 65.0 -18.4  0.334 -0.082 -0.252 0.171
165 3 67.8 -19.8  0.349 -0.088 -0.262 0.174
164 4 70.1 -21.0 0362 -0.092 -0.269 0.177
163 5 72.1 -22.2 0373 -0.097 -0.276 0.178
162 6 73.9 -23.2 0383 -0.101 -0.281 0.180
161 7 75.4 -242 0391 -0.105 -0.286 0.180
160 8 76.9 -252  0.400 -0.110 -0.290 0.181
159 9 78.3 -26.0 0407 -0.113 -0.295 0.182
158 10 79.7 -26.9 0415 -0.116 -0.299 0.182
156 12 81.9 -284  0.428 -0.122 -0.305 0.183

Plot of S,, and S-S,y for per-deuterated anthracene dissolved in CBO9OCB.

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

= Szz
= Sxx-Syy
0 4 6 8 10 12
(Tni-T) /°C
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Plot of S, Sxx and S,y for per-deuterated anthracene dissolved in CBO9OCB.

0.50
0.40 . . m = =
0.30 4 From
0.20 i
0.10 s Syy
0.00 |-
010 = & « 4 & § .

-0.20

12

moo
(e

-0.30 A

-0.40
(Tn-T) /°C
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D.2. CBO90OBF;
The order parameters S,,, S« Syy and the biaxial ordering Sy-S,y for per-deuterated

anthracene dissolved in CBO90OBF-.

Temperature /°C (Ty-T) Avg/kHz Av,,/kHz S, Six Sy, S-Sy

111 -1 0.0 0.0 0.000 0.000 0.000 0.000
110 0 48.0 -13.9 0247 -0.062 -0.186 0.124
109 i 55.7 -16.7  0.287 -0.074 -0.214 0.140
108 2 60.1 -187 0311 -0.082 -0.229 0.147
108 2 60.1 -18.7  0.311 -0.082 -0.229 0.147
107 3 63.5 -203  0.329 -0.089 -0.241 0.152
106 4 66.2 -21.7  0.344 -0.094 -0.250 0.155
105 5 68.5 -22.9 0357 -0.099 -0.257 0.158
104 6 70.6 -24.1 0.368 -0.104 -0.264 0.160
103 7 72.4 -25.1 0.378 -0.108 -0.270 0.162
102 8 74.1 -26.1 0.388 -0.112 -0.275 0.163
101 9 75.6 -27.1 0.396 -0.116 -0.280 0.163
102 8 74.1 -26.2  0.388 -0.113 -0.275 0.162
101 9 75.7 -27.1 0.396 -0.116 -0.280 0.164
100 10 71.2 -28.1 0.405 -0.120 -0.284 0.164
99 11 78.6 -29.0 0413 -0.124 -0.289 0.165
98 12 79.8 -29.8 0420 -0.127 -0.292 0.165
96 14 82.2 -31.4 0433 -0.134 -0.299 0.166
94 16 84.3 -33.0  0.445 -0.140 -0.305 0.165
92 18 86.3 -34.5  0.457 -0.146 -0.311 0.164
92 18 86.3 -34.5 0457 -0.146 -0.311 0.164
90 20 88.1 -35.9 0467 -0.152 -0.315 0.164
88 22 89.8 -37.3 0477 -0.157 -0320 0.162
86 24 91.4 -38.6 0486 -0.162 -0.324 0.161
84 26 92.9 -39.9 0495 -0.168 -0.328 0.160
82 28 94.3 -41.1 0.503 -0.172 -0.331 0.159
80 30 95.7 -423 0512 -0.177 -0335 0.157
78 32 96.9 -43.7  0.519 -0.183 -0.337 0.154
76 34 98.3 -449  0.527 -0.187 -0.340 0.153
74 36 99.3 -46.0  0.534 -0.192 -0.342 0.150
72 38 100.5 -47.1 0.541 -0.196 -0.345 0.149
72 38 100.5 -47.1 0.541 -0.196 -0.345 0.149
70 40 101.5 -483  0.547 -0.201 -0.346 0.146
68 42 101.6 -49.3  0.549 -0.205 -0.344 0.140




Plot of S;, and Sx«-Syy for per-deuterated anthracene dissolved in CBO9OBF,.

0.60
| | ]
0.50 — s @
| ]
0.40 PTLLN .
.- a® s Szz
» 030 | g ® Sxx-Syy
0.20 -
-...IIIIIII. 5] [ ] [ ] [ ] [ | =] [ ] ™ =
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0.00
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Plot of S,,, Sxx and S,y for per-deuterated anthracene dissolved in CBO9OBF,.
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D.3. CBO9OBFOCF;
The order parameters S,,, Sk, Syy and the biaxial ordering Sy-Syy for per-deuterated

anthracene dissolved in CBO9OBFOCFs.

Temperature /°C (Ty-T) Avg /kHz Av,,/kHz S, Six S,y S-Sy

102 0 45.6 -15.0  0.237 -0.065 -0.172 0.107
101 1 55.1 -183  0.287 -0.079 -0.207 0.128
100 2 59.9 -20.5 0312 -0.089 -0.224 0.135
99 3 63.3 -22.3  0.331 -0.096 -0.235 0.139
98 4 66.1 -23.8 0346 -0.102 -0.244 0.142
97 5 68.7 -252 0361 -0.108 -0.253 0.145
96 6 70.9 -26.5 0373 -0.113 -0.260 0.146
95 7 72.9 -27.7 0384 -0.118 -0.266 0.148
94 8 74.7 -28.8  0.394 -0.123 -0.271 0.149
93 9 76.3 -29.9 0403 -0.127 -0.276 0.149
92 10 77.9 -309 0412 -0.131 -0.281 0.150
91 11 79.3 -31.9  0.420 -0.135 -0.285 0.150
90 12 80.7 -32.8  0.428 -0.139 -0.289 0.150
88 14 83.1 -347 0442 -0.146 -0.295 0.149
86 16 85.3 -36.4  0.454 -0.153 -0.301 0.148
84 18 87.4 -38.0 0.466 -0.159 -0.307 0.148
82 20 89.4 -39.6 0478 -0.166 -0.312 0.146
80 22 91.0 -41.1 0488 -0.172 -0.316 0.144
78 24 92.8 -42.6  0.498 -0.178 -0.321 0.143

Plot of S,, and S-Sy, for per-deuterated anthracene dissolved in CBO9OBFOCFs.
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Plot of S;;, Sxx and Sy for per-deuterated anthracene dissolved in CBO9OBFOCF;.
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D.4. CBO90OBF;
The order parameters S,,, S, Syy and the biaxial ordering S-Sy for per-deuterated

anthracene dissolved in CBO9OBFs.

Temperature /°C (Ty-T) Avg /kHz Av,,/kHz S, Sis Siyv  SuSyy

86 -1 0.0 0.0 0.000 0.000 0.000 0.000
85 0 37.8 -11.0  0.195 -0.049 -0.146 0.097
84 1 44.4 -13.1 0.229 -0.058 -0.171 0.113
83 2 51.3 -15.7  0.265 -0.069 -0.196 0.127
82 4 59.1 -19.1 0.307 -0.083 -0.224 0.140
81 3 55.7 -17.5 0289 -0.077 -0.212 0.135
80 5 61.9 -20.3 0322 -0.088 -0.234 0.145
80 S 61.9 -20.5  0.322 -0.089 -0.233 0.144
80 5 62.0 -20.7  0.323 -0.090 -0.233 0.143
79 6 64.4 -21.7  0.335 -0.094 -0.242 0.148
79 6 64.5 -21.9 0336 -0.095 -0.242 0.147
78 7 66.7 -22.9  0.348 -0.099 -0.249 0.150
78 7 66.7 -22.9 0348 -0.099 -0.249 0.150
77 8 68.7 -24.1 0359 -0.104 -0.255 0.152
77 8 68.7 -24.1 0359 -0.104 -0.255 0.152
76 9 70.5 -25.1 0369 -0.108 -0.261 0.153
76 9 70.5 -25.1  0.369 -0.108 -0.261 0.153
75 10 72.1 -26.0 0378 -0.112 -0.266 0.155
75 10 72.3 -26.1 0379 -0.112 -0.267 0.155
74 11 73.6 -26.5  0.386 -0.114 -0.272 0.158
74 11 73.8 -26.9 0387 -0.115 -0.272 0.157
73 12 75.3 -27.7 0395 -0.119 -0.277 0.158
72 13 76.5 -283 0402 -0.121 -0.281 0.160
70 15 79.0 -29.8 0416 -0.127 -0.289 0.161
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Plot of S, and S-S,y for per-deuterated anthracene dissolved in CBO9OBF;.
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D.5. CBO90OBF4
The order parameters S,;, Sxx, Syy and the biaxial ordering S-Sy for per-deuterated

anthracene dissolved in CBO9OBF;.

Temperature /°C (Ty-T) Avg/kHz Av, . /kHz S, Six S S-Sy

A
75 0 36.5 -9.5 0.186 -0.043 -0.144 0.101
74 1 48.1 -13.1 0.247 -0.059 -0.188 0.129
73 2 53.4 -15.1 0.274 -0.067 -0.207 0.140
72 3 57.3 -16.7  0.295 -0.074 -0.221 0.147
71 4 60.5 -18.1 0312 -0.080 -0.232 0.153
70 5 63.2 -19.3 0.327 -0.085 -0.242 0.157
69 6 65.5 -20.5 0.339 -0.090 -0.249 0.160
68 7 67.7 -21.6  0.351 -0.094 -0.257 0.163
67 8 69.6 -22.6  0.361 -0.098 -0.263 0.165
66 9 71.3 -23.6  0.371 -0.102 -0.268 0.166
65 10 73.1 -24.6  0.381 -0.107 -0.274 0.168

Plot of S;; and S-S,y for per-deuterated anthracene dissolved in CBO9OBF,.
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Plot of S,,, Sx and S,y for per-deuterated anthracene dissolved in CBO9OBF,.
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Appendix E

Crystal Structures and Data

CORRY, YOUR MARGING
ARE 0.0%" WIDER

WWW, PHDCOMICS. COM

"Piled Higher and Deeper" by Jorge Cham
www.phdcomics.com Used with permission
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E. Appendix E
E.1. Chapter 3

E.1.1. CBOnOBFOCF;

Crystal structure of CBO5SOBFOCF; (top) view of the unit cell with six dimer
molecules, (bottom) numbered asymmetric unit where ellipsoids represent greater

than 50% probability level of atomic position within the cell.

Ca1H2sNO4 a =6.60560(10) A T=1202) K
RMM = 535.54 b =9.0388(2) A A=1436A
monoclinic P2(1)/n c =41.6066(7) A Dc = 1.213 Mg/m®
V =2477.7(9) A® a = 90.00° pu=0.112 mm"
Z=4 B =94.1130° 0.10 x 0.10 x 0.06 mm®
R =0.043 y = 90.00° White shard
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E.2. Chapter 5

E.2.1. Cat(O40CB),

7"—1.'
a1

Crystal structure of Cat(O40CB), (top) view of the unit cell with six dimer

molecules, (bottom) numbered asymmetric unit where ellipsoids represent greater

than 50% probability level of atomic position within the cell.

CaoH36N204 a=206189(3) A T=120(2) K
RMM = 604.78 b =8.8790(10) A A=0.71073 A
Monoclinic P2(1)/c c=18.1867(3) A Dc =1.278 Mg/m3
V = 3164.7(4) A® a =90.00° u=0.076 mm™
Z=4 3=108.102 (10)° 0.60 x 0.40 x 0.12 mm*®
R: = 0.0464 y =90.00° White shard
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E.2.2. Cat(O8OCB),

Crystal structure of Cat(O80OCB), (top) view of the unit cell with six dimer
molecules, (bottom) numbered asymmetric unit where ellipsoids represent greater

than 50% probability level of atomic position within the cell.

CuagHs2N204 a=9.4379(3) A T=1202) K
RMM = 720.92 b = 24.5343(10) A A=0.71073 A
Triclinic P-1 c=27.8878(11) A Dc = 1.213 Mg/m®
V = 5920.8(4) A® a = 109.848(2)° u=0.076 mm"
Z=6 B = 96.750(2)° 0.10 x 0.10 x 0.06 mm®
R: = 0.0576 y = 97.960(2)° Pale beige shard
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E.2.3. Cat(090CB),

Crystal structure of Cat(O90OCB), (top) view of the unit cell with six dimer
molecules, (bottom) numbered asymmetric unit where ellipsoids represent greater

than 50% probability level of atomic position within the cell.

CsoHssN2O4 a=8.8233(2) A T =1202) K
RMM = 749.01 b=17.7886(4) A A=0.71073 A
Orthorhombic Pbca c=52.8278(12) A Dc = 1.200 Mg/m®
V = 8291.5(4) A® a =90.00° g =0.075 mm"
Z=8 B =90.00° 0.05 x 0.05 x 0.02 mm®
R: = 0.1294 y = 90.000° White shard
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