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variety of liquid crystalline polymorphism
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Polycatenar materials composed of a four-aromatic-ring core, with either a bulky or end-
branched perfluorinated moiety attached at one end through a methylene spacer group, and
three peripheral alkoxy chains of varying length (the carbon number n=4, 6, 8, 10, 12, 14, 16)
on the other end-ring, were synthesized to investigate the roles of the chemical structure of the
compositional segments in relation to liquid crystalline phase formation. It was found that a
homologous series of polycatenar materials exhibited a variety of liquid crystalline phases
strongly dependent on the length of the peripheral alkyl chains. Moreover it was shown that
changes in the spacer group and in the structure of the perfluorinated segment had a

significant influence on mesophase formation.

1. Introduction

During the last two decades, since the development of
discotic mesogens by Chandrasekhar et al. and Billard
et al. [1, 2], new mesogenic materials with a variety of
unique, non-conventional molecular shapes have
been investigated. Liquid crystalline (LC) phases with
intriguing microstructure have been found, which has
considerably improved the understanding of structure—
property relationships in the LC field [3-5]. Among
these new materials polycatenar compounds are fasci-
nating mesogenic materials, first reported in 1985 by
Malthéte er al.[6] These materials were designed as a
combined structure of rod-like and disc-like mesogens,
generally consisting of a long aromatic core and several
peripheral alkyl chains [7]. Owing to the unusual
molecular shape and the chemical difference between
hard-core segments and flexible peripheral chains, a
variety of mesophases (e.g. nematic, smectic, columnar
and cubic) have been observed in this class of materials,
the number, position and length of the peripheral alkyl
chains playing a crucial role in the organization into LC
phases [8-10]. Moreover the influence of the structural
segments (e.g. the length of the core, the shape of
linking groups and substituents, etc.) on the formation
of mesophases has been recognized [7, 11-13]. The

*Corresponding author. Email: etsushi.nishikawa@ihara-
chem.co.jp; present address: Advanced Materials Depart-
ment, Thara Chemical Industry Co., Ltd, 2256 Nakanogo,
Fujikawa-cho, Thara-gun, Shizuoka 421-3306, Japan.

studies on polycatenar materials have also been
expanded to metallomesogenic systems [14-19].

Perfluorinated substituents have been incorporated
into rod-like and disc-like mesogens; they can enhance
the segregation power owing to their high incompatibility
with hydrocarbon moieties [20-23]. Thus, materials
with perfluorinated chains tend to form LC phases
with a micro-segregated structure [24-27]. The first
polycatenar materials with a perfluorinated substituent
were reported in 1991 [28, 29]. One was a four-ring cored
tetracatenar mesogen with a perfluorooctyloxy chain,
which was found to form only one (cubic) LC phase [28].
Another system involved three-ring cored tricatenar
materials, which exhibited smectic mesomorphism [29].
Since then several polycatenar mesogens having a
perfluorinated moiety have been synthesized [12]; however
their phase behaviour has not been systematically
investigated.

We have recently begun to investigate new poly-
catenar materials with a perfluorinated moiety [30, 31].
In the present work, firstly, the LC phase behaviour of a
homologous series of new tetracatenar mesogens is
reported. These are composed of a four-aromatic-ring
core with a bulky perfluorinated moiety attached to one
terminal ring through an alkyl chain spacer, and three
peripheral alkoxy chains of varying length n (n=the
number of carbon atoms in the alkyl chain) on the other
end-ring. We show that this homologous series of
polycatenar materials exhibits rich mesomorphism
strongly dependent on the length of peripheral alkyl
chains. Secondly, with the peripheral alkyl chain length
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fixed to n=14, other structural variables, i.e. the
structure of the perfluorinated segment and the length
of the alkyl spacer group, have been varied to under-
stand their influence on LC phase formation. These
structural factors are also crucial.

2. Materials

The chemical structures of the investigated materials are
shown in scheme 1. The homologous series of poly-
catenar materials (abbreviation: nPCsF?®) have varying
lengths of peripheral alkyl chains n (n=4, 6, §, 10, 12,
14, 16) with a bulky perfluorinated part (F*) and a
spacer group of —O(CH,),,COO- (m=5). The com-
pound having no perfluorinated moiety, 14PCR, is an
alkyl chain analogue to 14PCsF?, while in the material
14PCsF” an end-branched perfluorinated chain (F®) is
incorporated. The substance 14PC4F* has a spacer
group of —O(CH,),,COO- (m=4), which is one methy-
lene unit shorter than that of 14PCsF® (m=5). When
investigating the LC phase behaviour of nPCsF?, the
role of the peripheral alkyl chains will be clarified.
Comparing 14PCsF®, 14PCR and 14PCsF®, the influ-
ence of the perfluorinated moiety on LC phase
formation will be recognized. The observed difference

nPCsF?
C14H290
C14Hz0

CyaHoeO
14729 14PCR

C14H290

in mesomorphism between 14PCsF* and 14PC4F* will
illustrate the significant role of the spacer group.

3. Synthesis

All the polycatenar materials with a perfluorinated
moiety, abbreviated to nPC,F*, were prepared
according to the synthesis route shown in scheme 2.
Either of commercially available substances HO-F*"
was used to incorporate a (semi)perfluorinated moiety
in the materials:

— F*= — CH,CF(CF3)OCF,CF(CF;)OCF,CF,CFj;
— FP = — CH,CH,CF,CF,CF,CF,CF(CF;)CF;

Starting from either ®-bromohexanoic acid (m=5
series) or o-bromopentanoic acid (m=4 series), the
corresponding acid chloride was made by use of thionyl
chloride, which led to the ester 1,,F*® by a coupling
reaction with HO-F*". Williamson’s reaction between
1,,F*® and benzyl 4-hydroxybenzoate (HO$COOCH, o)
gave 2, F* which was hydrogenated under slight
pressure of hydrogen (H,) using palladium on acti-
vated charcoal (Pd/C) to yield 3,,F*". Using dicyclo-
hexylcarbodiimide (DCC) and a small amount of

CFy  CF4

Occo —@—cooooc —@—OWCOOCH2¢FOCF;¢FOCFECF2CF3

@—coo—@—coo —Oooc -@—o’\/\/\/\/\/\/\

CF,
cMHzgo‘Dcoo —@—coo -@—ooc —@—OWCODCH 2CH;CF,CF ,CF,CF,CFCF,

C1aHoaO
1479 14PC4F®
C14Hz0

Cy4H20

C14H290
14PC,F?

CF3 CF,

—Dcoo '@“COOO‘OOC _@_O/\/\,COOCH 2'éFOCF géFOCF oCF5CF3

Scheme 1. Chemical structures of the polycatenar materials under investigation.
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Br—(CH,)mCOOH ——— Br—(CH,}-CO0—F*"
a

HO Hane1ChO b AmF®
H COOCH, Hane1Co OOH @—cupoc@mcrb)mcooﬁ b
H
Hzp+1Cy 6n c zmp&b
6n én
l HOOC—Q—O-(CH;),,,-COO-P" b
¢
Hzr+1Cn0Q { d 3mF.b
Hz2n+1Cn OO—Q—COOCH;O
b
O -ame ) oromnamor
Hane1Co0, i
H2m1cn0‘§}000—-©—COOH HO—@—ooc—O—mcm,.coch’- b
ab
H2ne 1Ca0O 8n SmF
Han+1Cn0Q,
Hzm1Cn°‘®7°00_®_coo—®—ooc—®—o—(cw)m—coo—ﬂ b
Hare1CnO
i nPCmF* P GFa R
-F2: —CHzéFOCFZCFOCcmFZCFa
n=4,6,8,10, 12, 14, 16 cF
1 3
m=4,6 P —CH,CH,CF,CF,CF,CF,CFCF,

Reagent: a-1) SOCL; a-2) F*®-OH, Et;N, chloroform/THF; b) HO$COOCH,$, DCC/DMAP, chicroform/THF; ¢) Hy/Pd-C, ethanolethyl
acetate; d) HO$OCH,¢, DCC/DMAP, chloroform; e) H,/Pd-C, ethanolethyl acetate; f-1) K,CO3, CnhH2n+1-Br, acetone; f-2) KOH,
ethanol/H;0; f-3) HCI; g) HO$4COOCH,$, DCC/DMAP, chioroform; h) Hy/Pd-C, ethanolethyl acetate; i) DCC/DMAP, chioroform

Scheme?2. Synthetic route to the polycatenar materials nPC,, F*".

dimethylaminopyridine (DMAP), condensation
between 3,,F*" and 4-benzyloxyphenol (HOGOCH,¢)
yielded 4,,F*P, which was hydrogenated to the phenol
segment 5,,F*P[32]. Methyl 3.4,5-trihydroxybenzoate
was alkylated with an n-bromoalkane, and successive
saponification gave the organic acids 6n. Condensation
between 6n and benzyl 4-hydroxybenzoate led to the
benzyl precursors 7n. Deprotection of the benzyl group
gave the acid segments 8n. Coupling reactions between
5,.F* and 8n using DCC and DMAP yielded the final
polycatenar products nPC,,F*P. The chemical structures
of the materials were assigned from elemental analysis,
"H NMR and mass-spectrometry; details are summar-
ized in the Experimental section together with synthetic
procedures.

4. Results and discussion

We first describe the LC phase behaviour of the
homologous series of polycatenar materials nPCsF?,
which are composed of three peripheral alkyl chains of
length n=4, 6, 8, 10, 12, 14, 16, a methylene spacer of
length m=35 and the bulky perfluorinated part F®. The
mesomorphism of two other materials 14PCsF® (n=14,
m=5 and F’=the end-branched perfluorinated chain)
and 14PC4F* (n=14, m=4 and F*=the bulky perfluori-
nated chain) are then discussed in comparison with the
mesomorphism of 14PCsF* (nPCsF® with n=14). The
LC phase behaviour was determined by polarizing
optical microscopy (POM), differential scanning calori-
metry (DSC) and powder X-ray diffraction (XRD).
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4.1. LC phase behaviour of the homologues nPCsF*: the
role of the peripheral alkyl chains

The homologues nPCsF* are found to show a rich
mesomorphism strongly dependent on the carbon
number n of the peripheral alkyl chains.

4.1.1. 4PCsF?* and 6PCsF?. The materials 4PCsF* and
6PCsF* show only one liquid crystalline phase, a
smectic C (SmC) phase. 4PCsF?, having three short
butyloxy chains (n=4), melted to a SmC phase at
74.4°C, which transformed to an isotropic (I) liquid at
109.6°C with an enthalpy change (AH) of 3.5kJmol .
On cooling, the SmC phase formed at 109°C, where the
formation of batonnets was observed under POM,
which coalesced to a fan-shaped texture. The SmC
phase was supercooled untill crystallization occurred at
54°C. An XRD intensity profile taken at 90°C in the
SmC phase of 4PCsF* exhibited first order
(¢1=1.7nm™") and second order (¢>=3.4nm™!) small
angle reflections with remarkably weak intensities,
comparable to that of wide angle reflections. Diele
et al. also reported that on perfluorinated, swallow-
tailed mesogens, small angle reflections with weak
intensities were observed [26]. The measured layer
separation of d (=2n/q)=3.7nm was substantially
shorter than the calculated molecular length /=4.5nm,
which indicates tilting of the molecules within the
smectic layers. The observation of the second order
reflection means that the lamellar structure is well
micro-segregated. Moreover a broad weak reflection
was seen around ¢g~7nm~ ', which is probably related
to the segregation of the perfluorinated moieties [26, 27,
33].

6PCsF* (n=6), with three hexyloxy, groups showed
an [-SmC phase transition at 81.1°C on cooling, where
batonnets formed, growing to a fan-shaped texture.
This was a similar observation to that of 4PCsF*. On
further cooling, no crystallization was observed, so the
material remained as a smectic C glass. On heating,
however, crystallization occurred at around 20°C, then
melting into the SmC phase took place at 33°C; this was
followed by the SmC-I phase transition at 81.5°C with
AH=2.6kJmol "

4.1.2. 8PCsF® and 10PCsF?®. On increasing the alkyl
chain length to n=8 (8PCsF?) and n=10 (10PCsF?"), the
phase behaviour changes. Both materials organize into
two LC phases, a columnar (Col) phase and a smectic A
(SmA) phase.

8PCsF* melted at 62.2°C into a Col phase and
transformed to a SmA phase at 72.4°C with
AH=0.87kJmol~'. An isotropic phase transition then
occurred at 90.9°C with AH=0.68 kJ mol~'. On cooling,

the material exhibited the same phase sequence. POM
observations showed a uniform homeotropic orienta-
tion in the SmA phase between non-coated glass plates.
The Col phase, which has low fluidity, shows a grain-
like texture with weak birefringence. XRD patterns of
these LC phases are shown in figure 1. In the SmA
phase a strong small angle reflection at ¢=0.82nm ™! is
observed, corresponding to a d-spacing of 7.6 nm; the
calculated molecular length is about 5.23nm. Thus a
partially interdigitated SmA phase may be indicated. In
the Col phase at 70°C the XRD pattern appears to
exhibit one considerably broad, strong small angle
reflection, which can be analysed as the overlapping of
two peaks at ¢;=0.87nm ' and ¢,=0.94nm', as
shown with dotted lines. It may be possible to assign
rectangular symmetry to the Col phase. Further detailed
investigation would be necessary to determine clearly
the nature of the low temperature phase.

10PCsF® melted at 62.7°C into a Col phase, followed
by SmA formation at 68°C. The Col-SmA transition
was observed with POM, but not DSC. A SmA-I
transition  then  occurred at 105.7°C  with
AH=0.35kJmol~". On cooling, the same phase beha-
viour was observed. In figure 2 the XRD patterns of the
LC phases are shown. The SmA phase shows a small
angle reflection at g=0.79 nm ', while an XRD pattern
of the Col phase exhibits a set of small angle reflections
at ¢1=0.53, ¢,=0.85 and q3=1.07nm_1; the ratio ¢:
¢>:q3, however, corresponds neither to a tetragonal
(1:2'2:2) nor a hexagonal symmetry (1:3"%:2).

Intensity/arb.unit

04 06 08 10 12 14
o/nm’!
Figure 1. XRD patterns at small angle regions of 8PCsF*

observed (<) in the isotropic phase, ([J) in the smectic A
phase and (O) in the columnar phase.
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Intensity/arb.unit

04 06 08 10 12 14
g/nm’’!

Figure2. XRD patterns at small angle regions of 10PCsF*
observed (O) in the smectic A phase and ([J) in the columnar
phase.

4.1.3. 12PCsF® and 14PCsF?. In previous work we
reported that the polycatenar material 14PCsF*
(14PCF; the previous abbreviation) showed the
trimesomorphism of a cubic phase, a columnar phase
and a smectic A phase, as a function of temperature [30,
31]. However, reinvestigation of the material has
revealed that its LC phase behaviour, which we
describe here, is more complicated. In figure 3 DSC
data of 14PCsF* are shown. On the first heating, three
endothermic peaks at about 47, 54 and 64°C were
observed, while on the second heating the endothermic
peak at 64°C did not appear. This means that the
crystals obtained from solution are different from
the crystalline form from the melt. On second heating

-1t Heating

| Cooling

-2nd Heating

Bxothermic

60 75 80 105 120

20 40 60 80 100 120
Temperature/°C

Figure3. DSC chart of 14PCsF" measured at a heating/

cooling scanning rate of 2°Cmin~ .

the formation of three LC phases was detected (see the
inset of figure 3).

POM observation confirmed three LC phases, as
shown in figure 4. On heating, a crystalline phase (a)
transformed to an optically extinct phase at 52.6°C (b),
which could possibly be a cubic phase. Then a
birefringent LC phase (columnar) appeared at 65.3°C
(¢), which transformed to a SmA phase at 94.2°C,
followed by an isotropic phase transition at 115°C. On
cooling in the SmA phase homeotropic alignment was
seen, as shown in figure 4 (d). Thereafter the Col phase
appeared at 94°C, where its characteristic texture was
observed, figure 4 (e); this Col phase transformed to a
weakly birefringent LC phase at 59°C as shown in
figure 4 (f). At first we assigned this low temperature
phase to a cubic phase with some remaining birefringent
regions of the supercooled Col phase [30, 31]. However,
the texture did not change further, even after long
annealing. Now we suppose this phase to be an ordered
columnar phase. Eventually crystallization took place at
40.3°C.

These observations indicate that the low temperature
LC phases formed during cooling or heating could be
different, or the LC phase formed on heating could also
be a columnar phase even though no birefringence was
observed. Note that on annealing, crystallization
gradually took place in the low temperature LC phase
formed on heating; it is thus a metastable phase. XRD
patterns of all the LC phases are shown in figure 5. In
the SmA phase one sharp small angle reflection at
¢=0.77nm~" (q=4nsin0/2; 20=scattering angle;
A=0.154nm) was seen; that is, d=8.16nm, which
indicates a partially interdigitated SmA phase. In the
Col phase three reflections were observed, their 1:2"%:2
ratio revealing a tetragonal symmetry. The XRD
pattern of the low temperature mesophase formed on
heating appeared to be slightly different from that
formed on cooling, which also indicates the possibility
of different LC phase formations. No Bragg-like spot
reflections were observed for either form, which shows
that the low temperature LC phase is probably not a
cubic phase; we have no further conclusions for this
phase.

The LC phase behaviour of 12PCsF?* is the same as
that of 14PCsF*. On heating, the crystalline phase of
12PCsF?® melted into a non-birefringent LC phase at
51.6°C. Then a Col phase formed at 62.9°C with
AH=0.24kJmol'; this was followed by transition into
a SmA phase at 74.2°C with AH=0.16kJmol~'. A
SmA-I phase transition then took place at 113.5°C with
AH=0.35kJmol~". During cooling below the SmA and
Col phases, a weakly birefringent phase was observed,
which is possibly an ordered Col phase. XRD intensity
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(d)

(c)

)

Figure4. POM pictures of 14PCsF? observed (a) in the crystalline phase, (b) in the low temperature LC phase, (¢) in the columnar
phase on heating, (d) in the smectic A phase, (e) in the columnar phase, (f) in the low temperature LC phase on cooling.

profiles of the mesophases of 12PCsF* are similar to
those of 14PCsF?. In the SmA phase at 110°C a small
angle reflection at ¢=0.78nm ™' was observed, which
corresponds to a layer separation of 8.1 nm. In the Col
phase at 70°C, three small angle reflections at ¢;=0.54,
¢>=0.83 and ¢;=1.06nm ' were observed. The ratio
¢1:¢:qs correlates closely with the theoretical 1:2"%:2 of
tetragonal symmetry. The XRD patterns of the low
temperature LC phases formed on cooling and heating
were slightly different; the reason for this is not
completely understood.

4.1.4. 16PCsF®. On increasing further the length of
peripheral alkyl chains, we obtain the hexadecyloxy
homologue 16PCsF* (n=16), which is found to exhibit
columnar phases but no lamellar phase. On cooling
from the isotropic phase, a spherulitic texture was
observed at 125°C with POM, which clearly indicates
the formation of a Col phase (high temperature
columnar phase: Coly). DSC measurements observed

the Coly—I phase transition with AH of 0.49 kJmol ',
as shown in figure 6. On further cooling, although the
texture appeared not to change significantly and no
peak was detected with DSC, a Coly to a Coly; (middle
temperature columnar) phase transition was found to
take place at about 98°C, as described below from XRD
results. Then at about 62°C the texture clearly changed,
showing weak birefringence, which reveals a Coly, (low
temperature columnar) phase formation; this transition
was detected by DSC. Crystallization (into Cr;) then
took place at 52.4°C.

On heating, an exothermic peak was observed at
61.2°C, indicating crystallization (into Cr,). This
process was found to occur kinetically slowly; for
example, under POM observation, several minutes were
needed for complete crystallization. This crystal (Cry)
melted at 75.1°C into a Coly; phase; no Coly, phase was
observed. However, at a fast scanning rate, which
prevented complete crystallization to Cr,, the remaining
crystal phase (Crj) transformed into a very weak
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Figure 5. XRD patterns of 14PCsF* observed (V) in the
smectic A phase, (/) in the tetragonal columnar phase, ([J) in
the low temperature LC phase on cooling and (O) in the low
temperature LC phase on heating.

birefringent phase, which was probably an indication of
a Coly phase. No Coly—Coly phase transition was
observed by either POM or DSC. The Coly-I phase
transition occurred at 125°C with AH of 0.46 kJmol .

Figure 7 shows XRD intensity profiles observed for
the LC phases of 16PCsF?. In the I phase a diffuse small
angle reflection was observed, which means that a
micro-separated structure exists even in the optically
isotropic phase. On cooling into the Coly phase, several
discrete Bragg-like spots were observed at small angles,
showing weak orientation of the Coly phase in a glass

| Heating

Exothermic

Cooling

A

0 20 40 60 80 100 120
Temperature/°C

Figure6. DSC chart of 16PCsF* obtained at a heating/
cooling scanning rate of 2°Cmin ™.

Ly Col

hex

Intensity/arb. unit
%O
B~
e 1=

Pod
%n 6%” Colyey
& 5
- OO -
0]

%boq LC (Col)
10 12 14

1

04 06 08
ag/nm’

Figure 7. XRD patterns of 16PCsF?, observed (<) in the high
temperature hexagonal columnar phase, ([J) in the middle
temperature tetragonal columnar phase and (O) in the low
temperature columnar phase.

tube. The intensity profile appears to show only one
small angle reflection at ¢g=0.73nm ', which indicates
a hexagonal columnar phase with weak correlation
among the columns. The unit cell parameter was
calculated as ¢=10nm according to the relationship
a=213"*)d,, with djo=2m/q. On further cooling, the
XRD pattern changed at about 98°C, showing the
formation of another phase, the Coly; phase. An XRD
intensity profile in the Coly phase showed three
reflections at ¢;=0.50, ¢,=0.74 and ¢;=0.99nm '
The ratio ¢:¢»:q3 closely corresponding to the ratio
1:2'2:2, indicates the Coly phase to have a tetragonal
symmetry. Therefore, a hexagonal to tetragonal colum-
nar phase transition takes place in this material. The
unit cell parameter of the tetragonal Coly; phase was
calculated as ¢=12.0nm, which is larger than the unit
cell parameter of the hexagonal Coly phase of
a=10nm. On cooling from the Coly; phase, the XRD
pattern substantially changed. The intensity profile at
57°C showed very broad (overlapped) small angle
reflections, revealing the formation of the Col; phase.
We have not completely identified the symmetry.
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Table. Phase transition temperatures (°C) and enthalpy changes (kJ mol ™! in italics): n is the carbon number of the peripheral
alkyl chains of nPCsF*; Cr=crystalline, SmC=smectic C, LC=liquid crystalline, Col=columnar, SmA=smectic A, I=isotropic.

Cr SmC LC Col SmA I
. 74.4 . 109.6 — — — .
12.9 3.5
6 - 32.9 . 81.5 — — — .
14.1 2.6
8 . 62.2 — — . 72.4 . 90.9 .
17.8 0.87 0.68
10 62.7 — — . 68 . 105.7 .
19.1 — 0.35
12 . 51.6 — o 62.9 . 74.2 . 113.5 .
36.2 0.24 0.16 0.35
14 . 52.6 — o 65.3 . 94.2 . 115 .
28.1 0.6 0.07 0.34
16 75.1 — (Cr 52 . 62)° o — 124.5 .
56 0.46

aThe LC phase is not completely identified. "Monotropic phase transition into an ordered Col phase. A hexagonal to tetragonal

columnar phase transition was observed about 98°C.

4.1.5. The homologues. The phase behaviour of the
homologous series of polycatenar compounds nPCsF? is
summarized in table 1 and figure 8. When the length of
peripheral alkyl chains is short (=4, 6), only a SmC
phase forms. The formation of a SmC phase has often
been observed in polycatenar mesogens with short
peripheral chain homologues [8]. On increasing the
chain length to n=8, 10, a no SmC phase formation
occurs; instead a Col phase and a SmA phase are
observed. On further increasing the length of peripheral
chains to n=12, 14, another LC phase is formed at
lower temperature. The polycatenar mesogen with the
longest peripheral chains under study (n=16) forms
hexagonal and tetragonal Col phases and another
monotropic, Col phase at lower temperature. Lamellar
phase formation disappears. These results prove the
significant role of the peripheral alkyl chain length in
the organization of LC phases.

4.2. The LC phase behaviour of 14PCsF”: the role of
the perfluovinated group

The previous section has clearly shown the important
role of the peripheral alkyl chains of the polycatenar
materials in the formation of LC phases. Here the role
of the perfluorinated segment is described. The presence
of a perfluorinated segment was recognized to be
essential after synthesizing the polycatenar material
14PCR, having no perfluorinated moieties, which
exhibited no LC phases. The material melted at 72°C
to an isotropic liquid.

When a different perfluorinated moiety is used
instead of the F* of 14PCsF?, the LC phase behaviour
can be changed; this was studied with 14PCsF®, having

Heating
120 -
< smC —
‘E 80 e | Col
|
g 50 a - C
& 40 - |
20+ Cr
0 +
4 6 8 10 12 14 16
n

Figure8. Liquid crystalline phase behaviour of the homo-
logous series of polycatenar materials nPCsF* (n=the number
of carbon atoms of the peripheral alkyl chains).

the end-branched perfluorinated chain F’. DSC mea-
surements showed the formation of two LC phases on
both cooling and heating; POM observations confirmed
two LC phases. Two photomicrographs obtained with
POM are shown in figure 9. On heating, the material
transformed into a LC phase at 71.2°C showing no
birefringence, i.e. a Cub phase, which transformed to a
Col phase at 93.6°C with an enthalpy change of
1.0kJmol™'. An isotropic phase transition then
occurred at 107°C with AH of 0.59kJmol™!. On
cooling, the Col phase appeared at 106.3°C with a
characteristic spherulitic texture, figure 9 («). The tex-
ture changed at 92.2°C with the birefringence beginning
to disappear, figure 9 (b); crystallisation took place at
37.9°C. The microstructure of the LC phases was
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Figure9. POM photomicrographs of 14PCsF® (a) in the
columnar phase and (b) in the cubic phase.

investigated with XRD; the intensity profile observed in
the Col phase is shown in figure 10 («), which indicates
a hexagonal Col phase (Colye,), instead of the
previously described tetragonal Col phase. At lower
temperature the XRD pattern changed to the complex
pattern shown in figure 10 (b), indicative of the forma-
tion of a Cub phase.

Compared with the compound 14PCsF?, which forms
three LC phases, 14PCsF” has been found to exhibit
considerably different LC phase behaviour. This result

1200 -

Intensity/arb.unit

Intensity farb.unit

Figure 10. XRD patterns of 14PCsF® observed (a) in the
columnar phase and (b) in the cubic phase.

T
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Figure11. DSC chart of 14PC4F* obtained at a heating/
cooling scanning rate of 2°Cmin .

shows that the structure of the perfluorinated moiety
has a significant influence on the LC phase formation.

4.3. The LC phase behaviour of 14PC4F*; the role of
the spacer group

In this section we discuss another structural
factor, namely the incorporation of spacer group
-0O(CH,),,COOCH,~ that separates the chemically
different perfluorinated and hydrocarbon moieties.
The polycatenar material 14PC4F® has the spacer
—0O(CH,),COOCH,- (m=4) that is one methylene unit
shorter than the spacer —-O(CH,)sCOOCH,- (m=>5) of
14PCsF*.

Figure 11 shows a DSC thermogram of 14PC4F?; the
I to LC phase transition was observed at 120°C on both
heating and cooling, with a small enthalpy change of
about 0.2kJmol~'. Melting occurred at ¢. 75°C with
AH=65kImol~! (note that double meltings were
observed), while the LC phase supercooled to crystallize
at about 45°C. Although only one LC phase was found
with DSC, POM observations revealed three kinds of
LC phase. On cooling from the isotropic liquid a
spherulitic texture was observed at 120°C, as shown in
figure 12(a), which shows that a high tempera-
ture columnar (Coly) phase is formed. At 112°C the
texture became dark, indicating a phase transition, see
figure 12(b). The dark areas of the picture indicate
homeotropic orientation, and oily-streaks were
observed in the fluid phase, which is assigned as smectic
A. On further cooling, a characteristic texture again
appeared at 99°C, as shown in figure 12(c), which
indicates an organization into a low temperature
columnar (Coly) phase. As neither the Coly—SmA or
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(h)

{d)

i

Figure 12. POM photomicrographs of 14PC4F* observed
between two normal glass plates («) at 120°C in the hexagonal
columnar (Coly,.,) phase, (b) at 110°C in the SmA phase, (c) at
99°C in the tetragonal columnar (Col,) phase; and between
two polyimide-coated glass plates (d) at 115°C in the Coljey
phase, (e) at 101°C in the SmA phase, () at 94°C in the Colye,
phase.

SmA-Coly. phase transitions were detected with DSC,
these are probably of second order. When sandwiched
between two polyimide-coated glass plates, the com-
pound also exhibited distinct textures for the three LC
phases; these are shown in figure 12 (d) corresponding
to the Coly phase, 12(e) to the SmA phase showing
planar orientation, and 12(f) to the Coly phase,
respectively. The three kinds of mesophase were also
found to form on heating.

The microstructure of the LC phases was studied with
XRD. figures 13(a—) present the XRD patterns
observed at 118°C in the Coly phase, at 106°C in the
SmA phase and at 90°C in the Coly phase, respectively.
In the Coly phase the small angle reflection pattern

Intensity/arb. unit

04 0.6 0.8 1.0 1.2 14
a/nny

Intensity/arb, unit

q/nm’!
(b)
i
'E? i
i A
| oo™ ongous®
04 06 08 10 12 14
g/’
(¢)

Figure 13. XRD patterns of 14PC4F* observed (<) at 118°C
in the hexagonal columnar phase, ([J) at 106°C in the smectic
A phase and (O) at 90°C in the tetragonal columnar phase.
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exhibits only one peak at ¢=0.803nm~'. No high order
reflections were observed, which shows the Coly phase
to be hexagonal (Coly.y) with weak correlation of the
columns. In the SmA phase a small angle reflection was
observed at ¢=0.807nm ™' (layer separation of d=2n/
¢=17.78 nm). The molecular length is about 5.9 nm, thus
an interdigitated smectic A phase may be supposed. In
the Coly. phase the small angle reflection pattern showed
three peaks at ¢;=0.542, ¢,=0.807 and ¢;=1.07nm ',
whose ratio corresponds to 1:2"%:2, thus indicating a
two-dimensional tetragonal columnar (Coly;) phase
with a lattice constant of 11.5nm. It has therefore been
concluded that the polycatenar material shows the three
enantiotropic LC phases, Col;, SmA and Colyy, as a
function of temperature. This LC phase sequence is
considerably different from that of 14PCsF?, therefore
this result has shown that a slight change of molecular
structure, by one methylene unit in the spacer group
(note the change of parity), causes a remarkable change
in the mesophase formation. In other words, the spacer
group of the polycatenar mesogens plays a crucial role
in the formation of LC phases.

5. Conclusions

Polycatenar materials composed of a four-aromatic-
ring core with a bulky or end-branched perfluorinated
moiety attached at one end through a spacer group, and
three peripheral alkyl chains of varying length sub-
stituted on the other end-ring, were synthesized and
their LC phase behaviour investigated.

The study of the homologous series of polycatenar
materials nPCsF® (the carbon number of the alkyl
chains n=4, 6, 8, 10, 12, 14, 16) demonstrated the
important role of the peripheral alkyl chains in LC
phase formation. It was found that homologues with
short peripheral chains (n=4, 6) formed a smectic C
phase. The octyloxy- (n=8) and decyloxy- (n=10)
homologues formed columnar and smectic A phases,
but no SmC phase. The homologues with n=12 and 14
exhibited three mesophases, a non-identified LC phase,
a tetragonal columnar phase and a SmA phase, as a
function of temperature. On increasing the chain length
to n=16, the resulting material did not form lamellar
phases but organized into three columnar phases.

The presence and chemical structure of the perfluori-
nated moiety, and the presence and length of the spacer
group, remarkably affected mesophase formation. One
material was found to show a unique LC phase sequence:
hexagonal columnar — smectic A — tetragonal columnar.

This study has shown that the class of polycatenar
materials containing a perfluorinated moiety exhibits
rich mesomorphism due to striking steric and chemical
molecular features.

6. Experimental
6.1. Measurements

The chemical structures of the synthesized compounds
were assigned by elemental analysis, "H NMR spectro-
metry and mass (MS) spectrometry. '"H NMR spectra
were observed on a Bruker DRX500 NMR-spectrometer
using d-chloroform as solvent and tetramethylsilane as
internal standard (see scheme 3 for designation of
aromatic protons). MS spectra were obtained on a Joel,
JMS-700 instrument using the FD/MS method.

\

o o HY M H, M Hy, HI
oL ol et oo

o]

/

Scheme 3. Designation of aromatic protons in 'H NMR.

DSC data were obtained on a Mac Science DSC-3100
instrument at a heating/cooling scan rate of 2°C min '
using about 10 mg of sample. POM was performed on
an Olympus BX-50 microscope equipped with a Linkam
hot stage LK-600PH. XRD patterns were observed
using monochromatic Cu-K, radiation of wavelength
0.154nm from a 1.6kW X-ray generator; a two-
dimensional position sensitive detector was used, which
had 1024 x 1024 pixels in a 15x15cm? beryllium
window.

6.2. Synthesis

6.2.1. 4-{5-[1H,1H-2,5-di(trifluoromethyl)-3,6-dioxaun-
decafluorononyloxycarbonyl]pentyloxy}benzoic acid 3sF®.
The synthetic procedures for the phenol segments 55F,
5,F* and 55F” were same, so only the synthesis of phenol
55F" is described. A solution of 3g (15.4mmol) of 6-
bromohexanoic acid in 5ml of thionyl chloride and 3
drops of dimethylformamide was stirred for 24 h at room
temperature. Excess thionyl chloride was removed under
vacuum and the residue dissolved in a mixture of
20ml dry methylene chloride (CH,Cl,) and 5ml dry
tetrahydrofuran (THF). Under ice cooling a solution
of 6.2 g (12.9 mmol) of 1H,1H-2,5-di(trifluoromethyl)-3,
6-dioxaundecafluorononanol and 1.6 g of triethylamine
in 20 ml CH,Cl, and 5 ml THF was added dropwise over
1.5h; the mixture was stirred overnight at room
temperature. The solvent was evaporated and the
residue extracted with diethyl ether (300 ml). After the
precipitate was filtered off, the ether solution was
washed with 10% aqueous sodium hydroxide (NaOH)
and saturated aq. sodium chloride (NaCl). The organic
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layer was dried over magnesium sulphate (MgSQO,) and
concentrated to yield the crude product 1s, which was
then dissolved in 100 ml of acetone. To this solution,
3.5 g of benzyl 4-hydroxybenzoate and 8 g of potassium
carbonate were added and the mixture stirred at 50°C for
3 days. The solid was filtered off and the filtrate
concentrated. The residue was dissolved in ethyl ether
and washed with 10% aq. NaOH and sat. aq. NaCl. The
organic layer was dried over MgSO, and concentrated to
obtain the crude product 2sF*. Purification was carried
out by column chromatography using ethyl acetate/
hexane=1/5 to yield 7.1g of 2sF* (57.5%). The
deprotection of the benzyl group was performed in a
mixture of 40 ml ethanol and 80 ml ethyl acetate using
0.71 g of Pd/C under a slight pressure of H, at room
temperature overnight, to yield 6 g of the product 35F*
(quantitative).

3sF*: m/z 716 (M"). Elemental analysis (%): found
(calc. for C5,H;7F17,07) C 37.0 (36.89), H 2.5 (2.39), F
41.7 (41.09). "H NMR (dy/ppm, 500 MHz, CDCl5); 1.53
(m, 2H, -CH»-), 1.74 (q, 2H, -CH»-), 1.83 (q, 2H, —
CHj-), 2.43 (t, 2H, -OOCCH;,-), 4.03 (t, 2H, —-CH,0-),
4.58-4.72 (m, 2H, -F*CHy-), 6.92 (d, 2H, Ar-H), 8.05
(d, 2H, Ar-H), 12 (bs, 1H, -COOH).

6.2.2. 4-Hydroxyphenyl 4-{5-{1H,1H-2,5-di(trifluoro-
methyl)-3,6-dioxaundecafluorononyloxycarbonyl}penty-
loxy}benzoate 5sF*. A solution of 3sF* (3g,
5.02mmol), 4-benzyloxyphenol (lg, 5.02mmol),
DCC (1.04 g, 5.02mmol) and DMAP (61 mg, 0.1eq.)
in 45ml CH,Cl, was stirred at room temperature
overnight. The precipitate was filtered off and the
filtrate concentrated. The residue was purified by
column chromatography (ethyl acetate/hexane=1/3) to
yield 2.45¢g of the benzyl ester 45F* (65%); this was
hydrogenated using 0.25g of Pd/C under a slight
pressure of H, in a solvent of ethanol and ethyl acetate
to yield 2 g of the product 5sF* (quantitative).

4sF*: m/z 898 (M™"). Elemental analysis (%): found
(CalC. for C35H27F170g) C47.1 (468), H2.38 (30), F35.5
(36.0). '"H NMR (dy/ppm, 500 MHz, CDCls); 1.54 (m,
2H, -CH,-), 1.74 (q, 2H, -CH»-), 1.85 (q, 2H, -CH»-),
245 (t, 2H, -OOCCH,-), 4.04 (t, 2H, —CH,0-Ar),
4.65 (q, 2H, -CFCH,-), 5.07 (s, 2H, OCH,-Ar), 6.95
(d, 2H, Ar-H), 7.06 (dd, 4H, Ar-H), 7.33-7.46 (m, 5H,
Ar-H), 8.13 (d, 2H, Ar-H). 5sF* m/z 808 (M").
Elemental analysis (%): found (calc. for C,gH,F70g).
C42.2 (41.6), H2.5(2.62), F 38.8 (39.95). "H NMR (Jy/
ppm, 500 MHz, CDCls); 1.54 (m, 2H, -CH»-), 1.74 (q,
2H, -CH,-), 1.85 (q, 2H, —-CH,-), 245 (t, 2H,
-OOCCH,-), 4.04 (t, 2H, —-CH,0O-), 4.66 (q, 2H,
-CFCH,), 6.84 (d, 2H, Ar-H), 7.00 (dd, 4H, Ar-H),
8.13 (d, 2H, Ar-H).

6.2.3. 4-[3,4,5-tri(n-alkyloxy)benzoyloxy]benzoic acids
8n. As all the organic acids 8n were synthesized by the
same procedure, the synthesis of 8;4 is described as
a representative method. To a solution of 1.3g
(1.71 mmol) of the acid 6,4 and 0.39g (1.71 mmol) of
benzyl 4-hydroxybenzoate in 20ml CH,Cl,, a solution
of 0.352 g (1.71 mmol) of DCC and 21 mg (0.171 mmol)
of DMAP in 5ml CH,Cl, was added and the mixture
stirred at room temperature overnight. After filtration
of the precipitate, the solvent was evaporated and the
residure purified by column chromatography using
ethyl acetate/chloroform/hexane=1/2/7 to yield 1.1g
(66%) of the product 7.4.

To a solution of 1g (1 mmol) of 744 in 20ml ethyl
acetate and 10 ml ethanol, 0.1 g of Pd/C was added and the
mixture stirred at room temperature overnight under a
slight pressure of H,. The solid was filtered off and the
solvent evaporated to yield 8,4 quantitatively.

714 miz 969 (M"). Elemental analysis (%): found
(calc. for Ce3H,0007) C 77.9 (78.05), H 10.50 (10.43).'H
NMR (oyg/ppm, 500 MHz, CDCl3): 0.88 (t, 9H, -CH3),
1.26-1.33 (m, 60H, -CH»-), 1.44-1.50 (m, 6H, -CH,-),
1.72-1.86 (m, 6H, -CH,-), 4.0-4.08 (m, 6H, -OCH,-),
5.38 (s, 2H, -CH»-Ph), 7.36 (dd, 2H, aromatic H),
7.35-7.47 (m, 5H, aromatic H), 7.39 (s, 2H, aromatic
H), 8.16 (dd, 2H, aromatic H). 84 m/z 879 (M™).
Elemental analysis (%): found (calc. for CsgHo4O7) C
76.3 (76.49), H 11.0 (10.78). '"H NMR (du/ppm,
500 MHz, CDCls): 0.86 (t, 9H, —CH3), 1.26-1.32 (m,
60H, -CH,-), 1.47-1.52 (m, 6H, -CH,-), 1.73-1.87 (m,
6H, -CH,-), 4.0-4.09 (m, 6H, -OCH,-), 7.32 (dd, 2H,
aromatic H), 7.40 (s, 2H, aromatic H), 8.19 (dd, 2H,
aromatic H).

6.2.4. The polycatenar materials nPC,F*". All the
materials nPC,F*® were synthesized by the same
procedure. As a representative method, the synthesis
of 14PCsF? is described and the structural data of all
the materials summarized. To a solution of 0.65g
(0.074 mmol) of the organic acid 8;4 and 0.6g
(0.074mmol) of the phenol segment 5sF* in 10ml
CH,Cl,, a solution of 0.153g (0.074 mmol) of DCC
and 9mg (0.007 mmol) of DMAP in 5ml CH,Cl, was
added and the mixture stirred overnight. The solvent
was evaporated and the residue purified by column
chromatography (ethyl acetate/chloroform/hexane=
1/1/6) to yield 0.44 g (36%) of 14PCsF*.

4PCsF*. m/z 1248 (M"). Elemental analysis (%):
found (calc. for Cs4Hs3014F17) C 52.0 (51.93), H 4.5
(4.27), F 25.1 (25.86). '"H NMR (dy/ppm, 500 MHz,
CDCly): 0.997 (t, 9H, —CHj3), 1.50-1.58 (m, 2H+6H,
—CH,-), 1.74-1.89 (m, 4H+6H, —-CH,-), 2.42-2.47 (m,
2H, -CH,COO-), 4.04-4.10 (m, 6H+2H, -CH,0-),
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4.59-4.72 (m, 2H, -COOCH,F?%), 6.97 (d, 2H, Ar-H?),
7.28 (s, 4H, Ar-H®"Y), 7.36 (d, 2H, Ar-H"), 7.43 (s, 2H,
Ar-H%), 8.15 (d, 2H, Ar-H®), 8.29 (d, 2H, Ar-H).
6PCsF*: m/z 1332 (M™"). Elemental analysis (%): found
(calc. for C60H65014F17) C54.4 (5406), H 5.1 (491), F
24.5(24.22). "H NMR (6y4/ppm, 500 MHz, CDCl5); 0.91
(t, 9H, —-CHj3), 1.33-1.38 (m, 12H, -CH,-), 1.47-1.59
(m, 6H+2H, -CH,-), 1.71-1.89 (m, 4H+6H, -CH,-),
2.43-2.47 (m, 2H, -CH,COO-), 4.04-4.09 (m, 6H+2H,
-CH,0-), 4.63-4.69 (m, 2H, -COOCH,F?%), 6.97 (d,
2H, Ar-H®), 7.28 (s, 4H, Ar-H®'%), 7.36 (dd, 2H,
Ar-HP), 7.42 (s, 2H, Ar—-H?), 8.15 (dd, 2H, Ar—H®), 8.29
(dd, 2H, Ar-H"). 8PCsF*:m/z 1416 (M"). Elemental
analysis (%): found (calc. for CgH77014F17) C 56.0
(55.93), H 5.5 (5.47), F 22.3 (22.79). '"H NMR (Sy/ppm,
500 MHz, CDCly); 0.89 (t, 9H, —-CH3), 1.29-1.46 (m,
24H, -CH;-), 1.46-1.59 (m, 6H+2H, —-CH»-), 1.73-1.89
(m, 4H+6H, -CH,-), 2.43-2.47 (m, 2H, -CH,COO-),
4.04-4.09 (m, 6H+2H, -CH,O-), 4.63-4.69 (m, 2H,
COOCH,F%), 697 (d, 2H, Ar-H®), 7.28 (s, 4H,
Ar-H*"Y), 7.36 (d, 2H, Ar-H®), 7.42 (s, 2H, Ar-H?%),
8.15 (d, 2H, Ar-H"), 8.29 (d, 2H, Ar-H"). 10PCsF*:m/z
1500 (M™). Elemental analysis (%): found (calc. for
C7,HgoO14F17) C 57.6 (57.60), H 6.0 (5.97), F 21.9
(21.51). "TH NMR (6y4/ppm, 500 MHz, CDCl5); 0.885 (t,
9H, -CHj3), 1.28-1.46 (m, 36H, —-CH,-), 1.46-1.59
(m, 6H+2H, -CH,-), 1.73-1.88 (m, 4H+6H, -CH,-),
2.43-2.47 (m, 2H, -CH,COO-), 4.04-4.09 (m, 6H+2H,
-CH,0-), 4.63-4.69 (m, 2H, -COOCH,F?%), 6.97 (d,
2H, Ar-H®), 7.28 (s, 4H, Ar—-H®*%), 7.36 (d, 2H, Ar-H"),
7.42 (s, 2H, Ar-H%), 8.15 (d, 2H, Ar-H®), 8.29 (d, 2H,
Ar-Hf). 12PCsF* m/z 1584 (M"). Elemental analysis
(0 ()): found (CalC. for C78H101014F17) C 59.1 (5908), H
6.4 (6.41), F 21.5 (20.37). "H NMR (dy/ppm, 500 MHz,
CDCl); 0.88 (t, 9H, —CH3); 1.26-1.46 (m, 48H, -CH»-),
1.45-1.59 (m, 6H+2H, -CH,-), 1.71-1.88 (m, 6H+4H,
—-CH»-), 2.43-2.47 (m, 2H, -CH,COO-), 4.04-4.09 (m,
6H+2H, -CH,0-), 4.62-4.69 (m, 2H, -COOCH,F?%),
6.97 (d, 2H, Ar-H®), 7.28 (s, 4H, Ar-H®*Y), 7.36 (d, 2H,
Ar-HP), 7.42 (s, 2H, Ar-H?%), 8.15 (d, 2H, Ar-H"), 8.29
(d, 2H, Ar-H'). 14PCsF*: m/z 1668 (M"). Elemental
analysis (%): found (calc. for CgsH 13014F7) C 61.0
(60.42), H 6.6 (6.82), F 19.1 (19.43). '"H NMR (Su/ppm,
500 MHz, CDCl;): 0.88 (t, 9H, -CH3-), 1.26-1.37 (m,
60H, -CH,-), 1.46-1.59 (m, 6H+2H, -CH,-), 1.71-1.79
(m, 4H, -CH,-), 1.81-1.89 (m, 6H, -CH,-), 2.45 (t, 2H,
—-CH,CO,-), 4.04-4.09 (m, 6H+2H, -OCH,-), 4.66 (q,
2H, -COOCH,F?), 6.97 (d, 2H, Ar-H®), 7.28 (s, 4H,
Ar-H®Y), 7.36 (d, 2H, Ar-HP), 7.42 (s, 2H, Ar-H?%),
8.15 (d, 2H, Ar-H°®), 8.29 (d, 2H, Ar—H"). 16PCsF*: m/z
1752 (M™). Elemental analysis (%): found (calc. for
CooH125014F17) C 61.6 (61.32), H 7.3 (7.13), F 18.6
(18.42). "H NMR (y/ppm, 500 MHz, CDCI5); 0.88 (t,

9H, -CHy-), 1.26-1.45 (m, 72H, -CH,-), 1.47-1.57
(m, 6H+2H, -CH»-), 1.72-1.88 (m, 6H+4H, —-CH,-),
2.43-2.48 (m, 2H, -CH,COO-), 4.04-4.10 (m, 6H+2H,
—~CH,0-), 4.6-4.7 (m, 2H, -COOCH,F?%), 6.98 (d, 2H,
Ar-H®), 7.28 (s, 4H, Ar-H°+HY), 7.36 (d, 2H, Ar-H),
7.42 (s, 2H, Ar-H%), 8.15 (d, 2H, Ar-H®), 8.29 (dd, 2H,
Ar-Hf). 14PCsF® m/z 1600 (M"). Elemental analysis
(OA))I found (calc. for C34H115012F15) C 63.1 (630), H
7.4 (7.2), F 17.0 (17.8). '"H NMR (dy/ppm, 500 MHz,
CDCls): 0.88 (t, 9H, -CH;3-), 1.26-1.37 (m, 60H, ~CH,—
), 1.45-1.59 (m, 6H+2H, -CH,-), 1.71-1.80 (m, 4H,
~CH,-), 1.82-1.88 (m, 6H, -CH,-), 2.42 (t, 2H, —
CH,CO,-), 2.46-2.54 (m, 2H, F°>-CH,~CH,-00C-),
4.04-4.10 (m, 6H+2H, ~OCH,-), 4.40 (t, 2H, F°~-CH,—
CH,-00C-), 6.97 (dd, 2H, Ar-H®), 7.26 (bs, 2H,
Ar-HY), 7.28 (bs, 2H, Ar-H®), 7.36 (dd, 2H, Ar-H),
7.42 (s, 2H, Ar-H?), 8.15 (dd, 2H, Ar-H°), 8.29 (dd, 2H,
Ar-HY). 14PC,F* m/z 1654 (M"). Elemental analysis
(%): found (calc. for CgzH;1;014F17) C 60.2 (60.2), H
6.7 (6.8), F 19.8 (19.5). '"H NMR (dy/ppm, 500 MHz,
CDCls): 0.88 (t, 9H, -CH;3-), 1.26-1.37 (m, 60H, —CH,—
), 1.45-1.55 (m, 6H, -CH»-), 1.75-1.88 (m, 4H+6H,
—~CH»-), 2.51 (t, 2H, -CH,CO5-), 4.04-4.10 (m, 6H+2H,
~OCH,-), 4.66 (q, 2H, ~-COOCH,F?), 6.97 (dd, 2H,
Ar-H9), 7.29 (bs, 4H, Ar-H®*?), 7.36 (dd, 2H, Ar-H®),
7.42 (s, 2H, Ar-H?), 8.15 (dd, 2H, Ar—H°), 8.29 (dd, 2H,
Ar-H).
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