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Biphenyl-4-4'-dilyl bis(3-(4-(4-n-alkoxy)benzoyloxy)benzoyloxy)-
benzoates, (compounds 8.A.1 to 8.A.11)

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-octadecyloxy)-3-fluorobenzoyloxy)
benzoyloxy)benzoate, (compound 8.A.12)

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-hexadecyl)benzoyloxy)benzoyloxy)
benzoate, (compound 8.A.13)

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-alkylbiphenyl)carbonyloxy)benzoates,
(compounds 8.B.1 to 8.B.4)
4-(4-(3-(4-(4n-Alkoxy)benzoyloxy)benzoyloxy)benzoyloxy)benzoyloxy
phenyl 3-(4-(4n-alkoxy)benzoyloxy)benzoyloxy)benzoates,
(compounds 8.C.1 to 8.C.9)
4-((3-((4-(4-(3-(4-(3-Fluoro(4n-hexadecyloxy)benzoyloxy)benzoyloxy)
benzoyloxy) benzoyloxy)phenoxy)carbonyl)phenoxy)caonyl)phenyl
3-fluoro(4-n-hexadecyloxy)benzoate, (compound 8.C.10)
4-(4-(3-(4-(4n-Hexadecylbenzoyloxy)benzoyloxy)benzoyloxy)
benzoyloxy)phenyl 3-(4-(4a-hexadecylbenzoyloxy)benzoyloxy)benzoate,
(compound 8.C.11)
3-((4-((4-(3-(-4’-n-Alkylbiphenylcarbonyloxy)benzoyloxy)phenoxy)
carbonyl)phenoxy)carbonyl)phenyl 4-n-alkylbiphenyl-4-carboxylates,
(compounds 8.D.1 to 8.D.2)
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8.1: Introduction

The shape anisotropy of molecules in different oigaompounds has yielded a variety of liquid

crystalline phases. Compounds composed of barfeaped or bent-core molecules have been
extensively investigated due to the fact that mainthem exhibit chiral phases even though the
constituent molecules are achiral [1-4]. We haireagly seen in previous chapters results
obtained on investigating a variety of bent-cormpounds including those on dimeric systems.
Many of the results obtained are really fascinaing exciting. In this chapter, we describe the
design, synthesis and mesomorphic properties ofpoomds which are composed of Z or

zigzag-shaped molecules. The idea to design sutbcoies occurred while investigating the

structure of mesophases exhibited by hockey stigiped compounds [5-7]. The symmetric

zigzag-shaped compounds may be viewed as bentdooess [8-11] without any spacers and as
a result the polar directions get annuled and hémese do not have a net polarization.

A total of eight different series/part of seriescoinpounds have been synthesized. The
influence of a lateral fluoro substituent, replacanbiphenyl moiety with a phenyl benzoate unit
in the central position of the molecule and repigcihe terminah-alkoxy chain by an-alkyl
chain, on the mesomorphic properties have all e@mined. Thus, the general structures of
the zigzag-shaped compounds synthesized and igae=di in this chapter are shown in general
structure8. Interestingly, these compounds exhibit a colunptase with either a rectangular

lattice or an oblique lattice.
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8.2: Synthesis

The symmetrical and unsymmetrical eight-ring zigghgped compounds of seri@#,
8.B, 8.Cand8.D were synthesized following the synthetic pathwagvah in schemes$.1, 8.2
8.4 and 8.5 respectively. Biphenyl-4,4-diol, 4-benzyloxyphenol and 3-hydroxybenzoic acids
were obtained commercially from Merck/Aldrich anded without further purification. 3-
Benzyloxybenzoic acid3.a and 4-benzyloxybenzoic acid.g were synthesized according to a
procedure described previously [12]. The syntheid-n-alkoxybenzoyloxy-4-benzoic acids,
8.ewere described in chapt2r Similarly, 4-n-alkylbenzoyloxy-4-benzoic acid andndalkoxy-
3-fluorobenzoyloxy-4-benzoic acid.e were prepared.4-n-Alkylbiphenyl-4-carboxylic acids,
8.f were prepared following a procedure described @& liferature [13]. 4+Alkoxybenzoic
acids, 4n-alkoxy-3-fluorobenzoic acid and@alkylbenzoic acid were prepared according to the
procedure described in the literature [14-16]. éByloxybenzoic acidd.awas condensed with
biphenyl-4,4-diol, 8.b in the presence dfl,N-dicyclohexylcarbodiimide (DCC) and a catalytic
amount of 44,N-dimethylamino)pyridine (DMAP). The dibenzyloxytes8.c, thus obtained
was subjected to hydrogenolysis in the presenc&%fPd-C in 1,4-dioxane which yielded
bisphenol8.d. Thus, the symmetrical zigzag-shaped compoundsenés8.A and 8.B were
obtained by reacting one equivalent of bisphe8al, with two equivalents of corresponding
two-ring acid,8.e and biphenyl acid@.f respectively in presence of DCC and DMAP in dry

dichloromethane at room temperature.

The ester linked unsymmetrical zigzag-shaped comg®wf serie8.C and8.D were
synthesized as outlined in schem@gl and 8.5 employing a series oésterification and
hydrogenolysis reactionsThe two-ring bisphend.j was prepared by condensing 4-benzyloxy-
benzoic acid8.g with 4-benzyloxyphenol8.h in presence of DCC and DMAP in dry DCM
followed by hydrogenolysis using 5% Pd-C in 1,4x@ioe and the synthetic pathway followed is
shown in schem&.3. This bisphenoB.j was esterified with 3-benzyloxybenzoic adsda and
removal of benzyl group in the product obtainechiggrogenolysis provided four-ring bisphenol
8.l. The target compounds of ser&€ were synthesized by reacting one equivalent af-fing
bisphenol8.I with two equivalents of appropriate two-ring ac8le Similarly, compounds of

series8.D were prepared by reacting bisphe@gland a biphenyl acid.f. All compounds were
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Scheme 8.1: Synthetic pathway followed for preparan of novel zigzag-shaped

compounds of seri@é\.
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Scheme 8.5: Synthetic pathway followed to prepareompounds of series 8.D.

purified by column chromatography on silica gel - mesh) followed by repeated

crystallization using suitable analytical gradevsals.

8.3: Results and discussion
8.3.1: Mesomorphic properties

The transition temperatures and the associatedalpythvalues obtained for zigzag-
shaped compounds of sere#\, 8.B, 8.Cand8.D are summarized in tabl&sl, 8.2, 8.3and8.4
respectively. Interestingly, all these synthesizethpounds are mesomorphic. In sefgh, as
can be seen in tabl®.1 compounds8.A.1 to 8.A.5 are monotropic and exhibit only one
mesophase. When a sample of compo8md.2 sandwiched between a glass plate and a
coverslip was slowly cooled from the isotropic idjand observed under a optical polarizing

microscope, highly birefringent circular domainsldranana leaf-like textures could be seen and
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Table 8.1: Transition temperatures (°C) and the assciated enthalpy values (kJ mat) (in

italics) for compounds of seriésA®

R {;Aod 0 -~ ojL@/O ?D/QOOYG

8.A

Compound n X R Cr Col, Colop I

8.A.1 7 H OCHzxa ¢ 190.0* (¢ 183.5) - .
82.8 255

8.A.2 9 H OCHxa ¢ 1925* (¢ 184.5) - .
94.2 25.6

8.A.3 10 H OGCHz+ <+ 188.0* (+ 184.5) - .
64.7 24.1

8.A4 117 H OCHzs <+ 187.5* («+ 183.5) - .
81.0 24.2

8.A.5 12 H OCHz+ <+ 1875 (¢ 180.5) - .
35.2 231

8.A.6 13 H OCHzx+ =+ 186.5% - (+ 180.5) -
86.0 21.2

8.A.7 14 H OCHz+ ¢ 185.0% - (¢« 184.0) -
74.0 209

8.A.8 15 H OGHz: <« 184.5% - e 187.0 -
54.8 204

8.A.9 16 H OGHz: < 1825* - « 1885
424 19.6

8.A.10 18 H OGCHzxa <«  180.0* - « 1900 -
43.6 18.6

8.A.11 20 H OGHz+ < 1785* - e 1915
45.2 17.2

8.A.12 18 F OGCHzs1 <+ 194.0% - e 1990 -
41.9 18.4

8.A.13 16 H CHaiaa = 176.5% - e 1850 -
31.1 20.1

@Abbreviations: Cr: crystalline phase; *has crystgjistal transition and enthalpy denoted is the sdimall such
transitions; Cql columnar phase with a rectangular lattice; (£otolumnar phase with an oblique lattice;

I: isotropic phase; (): phase is monotropi@hase exists;: phase does not exist.
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typical textures obtained for this compound arenshi figure8.1.aand8.1.b. These textures
are very similar to those obtained for a rectangeddumnar mesophase. On the basis of textural
observations, X-ray diffraction and electro-opticlidies (described later), the mesophase
exhibited by these compounds have been charadeagzecolumnar phase with a rectangular
lattice (Co)). Similar textural behaviour was observed fompounds8.A.1, 8.A.3, 8.A.4and

8.A.5and the optical texture obtained for compo8m.3is shown in figures.1.c.

Interestingly, the higher homologuB8sA.6 to 8.A.11 show completely different optical
textures which are again similar to those obtaifeeca two-dimensional columnar mesophase.
Compounds3.A.6 and8.A.7 are monotropic and compoun8sA.8 to 8.A.11 are enantiotropic.
When a thin film of a sample of compou8dh.9 was viewed under a polarizing microscope, on
slow cooling from the isotropic liquid flower-likdexture developed indicating a two-
dimensional columnar structure which further grewd aovered the entire field of view as shown
in figures8.2.aand8.2.brespectively. The optical textures obtained f& shme compound in
different regions are also shown in figur@2.c and 8.2.d. Similar optical textures were
observed in a cell treated for planar alignment.D8C thermogram obtained for compound
8.A.11is shown in figure8.3. All these compounds have crystal to crystalditaon which can
be seen in DSC thermograms. The accompanyinglpgithalues of melting temperatures are in
the range of 40-80 kJ niblnd clearing temperature enthalpy value decremsescending the
series. Compoun8l.A.11 shows a thermal range of 13 °C for ggdhase. X-Ray diffraction
measurements of powder sample were carried ouh@mesophase for the same sample. The
X-ray intensity profile obtained for this compourgddifferent from those obtained for lower
homologues of the same series. On the basis of KRRBsurements and optical textures, this
mesophase has been identified as a columnar ph#senvoblique lattice (Cgl). The other
homologues8.A.6 to 8.A.8, 8.A10and 8.A.11 exhibit optical textures and XRD data similar to
that of compound.A.9. Hence, the mesophase exhibited by all these congsoare the same
viz. Coly, phase.

A plot of transition temperatunes number of carbon atoms in the terminal chain olei
for this homologous series is shown in fig&d. As can be seen, the Cghase to clearing
transition temperature curve rises sharply and ta#s as the series is ascended. However, a

smooth rising curve is obtained for ggbhase on ascending the series. In order to exatmé
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Figure 8.1: Photomicrographs of the textures obtaiad for Col, mesophase of compounds
8.A.2 and 8.A.3 between gladates without any treatment. (a) Circular
domainsat T=182 °C, (b) TE5°C and (c) T = 184.6 °C.
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Figure 8.2: Textures obtained in Caj, phase for compound 8.A.9 in a cell treated for

homogeneous alignment. (a) @éaping from isotropic liquid at T = 187.5 °C
and (b) T =187.3 °C. Differémegions of the same sample obtained on slow
cooling, (c) T =186.5 °C, (@)= 186.5 °C.
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Figure 8.3: DSC thermogram of a sample of compoun8.A.11. (H) Heating cycle;
(C) cooling cycle; rate 5°C miih
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Figure 8.4: A plot of transition temperature as a @inction of the number of carbon atoms
in the terminal chain for componds of series 8.A.
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influence of a fluoro susbstituenttho to the terminah-alkoxy chain, compoun8.A.12 was
prepared. In addition, another compouBid\.13 was prepared where the alkoxy chain was
replaced by an alkyl chain. These compounds diswed textures similar to that of a two-
dimensional Cgl, phase which was further confirmed by XRD measurgmelt was observed
that both the melting and clearing temperatureseased for fluoro substituted compound
8.A.12as a result while the thermal mesophase rangeassd. Interestingly, the thermal range
increased with reduction of melting and clearinghperatures for compoun8l.A.13 when
compared to its alkoxy analogue.

Table 8.2: Transition temperatures (°C) and the asxiated enthalpy values (kJ mot)

(in italics) for compounds of s@s 8.8

0]
O O/©\[fo O O CnH2n+1
» ERA G
o L
CnH2n+1 O)‘\©/
0]

8.B
Compound n Cr Col Colop I
8.B.1 10 e 1915 (« 187.5) - .
60.4 28.2
8.B.2 12 e 190.5* - (« 188.5) .
56.3 24.8
8.B.3 14 e 187.5* - e 1925 .
47.7 25.0
8.B.4 16 e 183.5* - e 1935 .
36.4 234

SkeTable 8.1.
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In order to understand the influence of variationthe structure, three other series of
compounds.B, 8.Cand8.D were synthesized and investigated, in additiosettes3.A. Series
8.B was synthesized using Malkylbiphenyl-4-carboxylic acids. The transiti®emperatures
and enthalpy values obtained are summarized iret8lf. Compound8.B.1 exhibits a
monotropic columnar mesophase with a rectangutticda(Col) whereas compoun8.B.2 to
8.B.4show a Cql, phase. The textural observations and X-ray diffom patterns are similar to
those obtained for compounds of seBe&. The thermal range of mesophase for compounds of
this series increases with increase in melting @edring temperatures when compared to the
corresponding parent compound. In seBeB, compound8.B.2 containingn-dodecyl chain
shows Caj, phase whereas the corresponding parent compouneedhBo} phase. A plot of
transition temperature against the number of cadioms in the terminal chain for compounds
of series8.B is shown in figure8.5. The slope of the curve obtained for clearing terajures is
similar to that obtained for seri8sA.

|

Qo -
= et Col
© 189- ob
Gé,’_ | . cro,
O 186 Col

183- h

10 12 14 16

No. of carbon atoms in the terminal chain

Figure 8.5: A plot of transition temperature againg the number of carbon atoms in the

terminal chain for compounds dferies 8.B.
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The chemical nature of the parent compoudid\) was further modified by introducing
an ester group between the two phenyl groups obigpleenyl moiety and as a result seige€
was obtained. The transition temperatures ands$lseciated enthalpy values obtained for this
series is summarized in tab83. Interestingly, this modification in the central paf the
compound depressed the melting point consideraiudyitais remarkable that the thermal range
increased on ascending the series whereas thange@mperatures were lowered by about
10 °C only. Thus, the mesophases are well stabilim this series and the mesomorphic
behaviour of the compounds of this series is coatgarto those of serigsA. As can be seen
in table8.3,compounds8.C.1to 8.C.5show columnar rectangular phase in which compounds
8.C.1to 8.C.3are monotropic whereas compour8I€.4and8.C.5are enantiotropic. When a
sample of compounfl.C.2 was filled in a cell treated for planar alignménthe isotropic state
and cooled slowly under a polarizing microscopdjcap textures similar to that obtained for
columnar rectangular phase of compounds of s8rigsvere obtained. Hence the mesophase of
compounds8.C.1to 8.C.5wascharacterized as Ggbhase on the basis of textural observations
and XRD measurement#y DSC thermogram recorded for compouh&€.2showing Cal phase
is depicted in figure3.7.a.

Compounds8.C.6 to 8.C.9 are enantiotropic and the mesophase was charaxtesiz
Colop phase. A DSC thermogram obtained for compdi@d9 showing Cal, phasds shown in
figure 8.7.b Among all compounds in the four series, compoBu@9shows the widest thermal
range of 47.5 °C for Cg) mesophase. The microscopic textures are veryasinu those of
higher homologues of seriésA. Further, the mesophase structure was confirmed Rp X
measurementsA plot of transition temperatures the number of carbon atoms in the terminal
chain for this series is shown in figu8e8. It was found that the shape of clearing temperature
curve for Cal phase is different from that obtained for se®e& but similar to Cq), phase.
Compounds$.C.10and8.C.11also exhibited a two-dimensional columnar phagk am oblique
lattice. It was found that melting as well as dleg temperatures increased for compound
8.C.10and this behaviour is similar to that seen for coomul 8.A.12 of seriesA. The thermal
range of the mesophase decreased by about 10 ¥rground.C.11with aslight increase in

melting point and this is in contrast to compo@né.13
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Table 8.3: Transition temperatures (°C) and the assciated enthalpy values (kJ mot)

(in italics) for compounds of s@s 8.C

X

Compound n X R Cr Col Colop I
8.C.1 7 H OCHzv1 ¢ 186.0* (= 175.5) - .
50.9 22.2
8.C.2 10 H OCHzw1 ¢ 180.5* (¢ 174.0) - .
75.8 20.2
8.C.3 11 H OCGHa1 o 177.5* («+  174.0) - .
80.1 19.7
8.C.4 12 H OGHaner o 164.0% o 174.0 - .
59.4 20.5
8.C.5 13 H OCHzws1 ©  164.5% 173.0 - .
54.5 18.8
8.C.6 14 H OCHzw1 ¢ 161.5* - e 1745 .
49.4 18.3
8.C.7 16 H OCHax1  1405* - e 1785 .
46.5 17.8
8.C.8 18 H OCHav1 ¢ 1355% - e 1815 -
44.0 16.8
8.C.9 20 H OCHa1 ¢ 1355% - e 1830 -
43.7 16.5
8.C.10 16 F OCHae1 o 172.0% - e 1905 -
62.1 18.8
8.C.11 16 H CiHoner ¢ 146.5% - e 1750 -
40.7 17.7

aSeeTable 8.1.
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Figure 8.7: (a) DSC thermogram of a sample of compmd 8.C.2 and (b) compound 8.C.9.
(H) Heating cycle; (C) coolingycle; rate 5 °C min’.
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Figure 8.8: A plot of transition temperature vs the number of carbon atoms in the

terminal chain for compounds cSeries 8.C.

Table 8.4: Transition temperatures (°C) and the asxiated enthalpy values (kJ mot)
(in italics) for compounds of s@s 8.0

O
O o) o) O CnH2n+1
C T . O
CnH2n+1 0 (0) 0
0]
8.D

Compound n Cr Colop I
8.D.1 12 e 1845 (+ 175.5) .
59.3 22.0
8.D.2 16 e 1725 e« 1820 .
39.1 19.7
®SeeTable 8.1.
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Only two compounds were synthesized in seBd3, which contain terminah-alkyl
chains and the transition temperature and the kythalues obtained for those are shown in
table8.4. Both compounds show Ggimesophase in which it is metastable for compdudl
and compound.D.2 is enantiotropic. The mesophase was charactebyed-ray diffraction
measurements. The mesomorphic behaviour of tesedmpounds are comparable to those of
seriesB.

8.3.2: X-Ray diffraction measurements

The X-ray diffraction measurements were carried @uthe mesophases of compounds
of all the four series. The powder samples weltedfiin the isotropic state in Lindemann
capillaries having a diameter of 1 mm and ends weeded carefully. For example, compound
8.A.11was cooled to mesophase and a typical intensityigoabtained is shown in figur&.9.a.

It can be seen that there are many reflectionshm ¢mall angle region indicating
two-dimensional structure with d-spacings af = 51.78 A, d = 25.88 A, d = 21.43 A,

d; =17.26 A, d = 16.03 A, d = 14.15 A, d = 13.06 A. The diffused peak in the wide angle
region at 4.7 A indicates a liquid like in-planeler. The small angle reflections can be indexed
to 01, 02, 11, 03, 12, 14 and 04 planes of an obligttice with lattice parameters a = 32.07 A,
b =57.76 A an@ = 116.3°. The total number of molecules estimaebout 3 per unit cell.

Similar XRD measurements were carried out in thg @loase of compoun8.C.2 and
the intensity profile obtained for this compoundgl®wn in figure8.9.b. Four reflections can be
seen in the small angle region and d-spacings sjorel to d = 35.46 A, d = 30.62 A,
ds = 18.71 A, d = 14.27 A. These can be indexed to the 11, 20ar&1 13 reflections of a
columnar structure with a rectangular lattice. Thkulated lattice parameters are a = 61.24 A
and b = 43.49 A. The broad peak at 4.7 A was etimerved. These are typical values obtained
for Coly, and Col mesophases of compounfisA.11 and 8.C.2. Similar experiments were
carried out for other compounds as well. The s and the calculated lattice parameters
obtained for compounds of seri8sA, 8.Band8.C, 8.Dare summarized in tablés5 and8.6

respectively.
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Figure 8.9: The XRD intensity profiles obtained for(a) Col;, phase of compound 8.A.11
and (b) Celphase of compound 8.C.2.
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Table 8.5: d-spacings obtained by XRD measuremengsd calculated lattice parameters

for the mesophases of zigzag-skdpcompounds of series 8.A and 8.B

Compound d-spacings and Lattice parameters/(A, °) Phase | T/(°C)
type
8.A.3 35.46(11), 30.62(20), 18.71(31), 14.27(13) Col, 170

a=061.24;b=43.49

8.A.8 46.74(01), 23.53(02), 21.72(11), 16.668), 15.73(03) Colop 175
a=32.35;b=50.54=112.38

8.A.9 | 48.07(01), 24.03(02), 21.43(11), 17.08), 16.10(03), Coly | 170
11.08(22); a = 31.18; b = 51.92= 112.21

8.A.10 |50.17(01), 25.0(02), 21.15(11), 17.538), 16.65(12), Colop 175
11.9(21); a=29.94; b = 54.18= 112.08

8.A.11 | 51.78(01), 25.88(02), 21.43(11), 17.26(03), 16.2B(1 Colop 175
14.15(20/14), 13.06(04); a = 32.07; b = 57§6;116.3

8.A.12 |56.1(01), 27.8(02), 24.74(11), 19.918), 18.69(03), Colop | 190
11.44(14); a = 36.07; b = 60.80= 112.69

8.A.13 | 48.77(01), 24.38(02), 21.99(11), 16.34(12); Colp | 175
a=29.76; b = 50.94 = 106.8

8.B.3 | 48.77(01), 36.5(11), 24.56(02), 21.99(11), 19.03@); Colp | 185
a=37.32b=57.0%=121.2

8.4 |50.99(01), 25.49(02), 21.43(11), 19.568), 16.91(03), | COl» | 185
13.19(04), 10.92(22); a = 34.31; b = 58.88; 120
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Table 8.6: d-spacings obtained by XRD measuremenésd calculated lattice parameters

for the mesophases of zigzag-skdpcompounds of series 8.C and 8.D

Compound d-spacings and Lattice parameters/(A, °) Phase | T/(°C)
type
8.C.2 36.30(11), 32.14(20), 21.75(02), 19.16(31), 18.8R(2 Col, 160

15.98(40), 14.05(13); a = 64.28; b = 43.98

8.C.3 |37.8(11), 32.35(20), 23.21(02), 19.45(31), 16.03(40 Col, 165
14.96(13), 10.7(24), 9.03(35), 8(06); a = 64.7; 4657

8.C.5 |41.19(11), 33.08(20), 26.14(02), 20.43(31), 16.81d Col, 160
40); a = 66.16; b = 52.63

8.C.6 47.61(01), 23.74(02), 16.84(3), 15.94(03), 10.65(22); Colyp 160
a=231.05b=51.43=112.23

8.C.7 |50.47(01), 25.16(02), 22.48(11), 18.328), 16.69(03/ Colp | 165
12); 11.7 (22): a = 33.92; b = 55/5= 114.6

8.C.8 | 52.90(01), 26.44(02), 22.29(11), 17.36(03), 16.88(1 | Colp | 168
12.94(13); a = 33.4; b = 58.78= 115.86

8.C.9 |53.43(01), 26.46(02), 22.42(11), 17.56(03), 16.5(12 | Colp | 170
a=37.25b=63.14 = 122.2

8.C.10 | 55.47(01), 27.65(02), 25.94(1), 17.29(12); Colop 175
a=26.83;b="56.7§ = 102.36

8.C.11 | 49.49(01), 24.74(02), 17.09@3), 16.92(12) 16.8(03); Colop | 160
a=33.21;b=52.3%=109.13

8.D.2 | 51.78(01), 24.74(11), 14.83(4); a = 43.36; b = 60.44; | COlb | 165
B=121
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8.3.3: Electro-optical studies

Electro-optical measurements were carried out a@n rttesophases of zigzag-shaped
compounds using the standard triangular wave fralgthod. As an example, a sample of
compoundd.A.9 was filled in a commercial cell (EHC, Japan) hgvanthickness 6 um, treated
for homogeneous alignment. Then, the sample wakeddo mesophase and a triangular-wave
field was applied. The mesophase did not show @olgrization current peak to the applied
electric field upto 360 ), and also there was no noticeable textural chaage Bdicating the
apolar nature of the mesophase. It is expectddhisatype of compound would not respond to
an applied electric field as all the dipolar comguats cancel with each other. Based on optical
textures, XRD and electro-optical studies, possitdelels have been proposed for the molecular
organization in the Cg} and Cal phases of these zigzag-shaped compounds andrtiee ssa
shown in figures.10.aand8.10.brespectively.

(@) (b)
Figure 8.10: A proposed model structure for (a) Cal, phase and (b) Cal phase exhibited

by the zigzag-shaped compoumnd
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Comparison of transition temperatures and thermal mnge of Col, phase in compounds of
series 8.A, 8.B, 8.C and 8.D

The four series of compounds differ from one anothderms of terminah-alkyl chain
(compound8.A.13 and 8.C.11), n-alkoxy chain (serie8.A and 8.C), 3-fluoron-alkoxy chain
(compound8.A.12 and 8.C.10 and 4n-alkylbiphenyl groups (serie8.B and 8.D). For
comparison the transition temperatures are showa laar diagram in figur8.11 As can be
seen in the diagram, the transition temperaturdstlaa thermal range for the Ggphase of the
n-alkyl- andn-alkoxy chain containing compounds are comparatiles clear from this diagram,
the melting points are low for seri8<C and the thermal range of the mesophase is quige.la

Hence, more homologues of this series have bedhesined and investigated.

b
bt
s

B 2 J3FOR

O g =
SR

%

Zigzag-shaped compounds

Temperature (°C)

Figure 8.11: A bar diagram showing the transition Emperatures and the thermal range of
the mesophases for the fouffféirent series of compounds containingy-alkyl,

n-alkoxy, 3-fluoro-n-alkoxy and n-alkylbipheny! units.
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8.4: Summary

Several new series of symmetrical and unsymmetrieigiht-ring zigzag-shaped
compounds were designed and synthesized. All tlesepounds are derived from 3-
hydroxybenzoic acid. In order to study the streestproperty relationships, four serie$
compounds viz8.A, 8.B, 8.Cand8.D were synthesized and and their mesomorphic pregerti
investigated. The occurrence of the mesophaseaepp® depend mainly on the terminal chain
length, and two different mesophases have beennause The lower homologues exhibit a
columnar phase with a rectangular lattice whilettilglher homologues exhibit a columnar phase
with an oblique lattice and on the basis of experital studies, these mesophases have been
designated as Goand Colp phasesespectively. These studies reveal that the mesgphets
stabilized in compounds of seri€s and interestingly the introduction of a fluoro stitoent
ortho to the terminal chain destabilizes the mesophasmmtrast to that observed in polar BC
compounds. To the best of our knowledge, theseesept the first examples of zigzag-shaped

compounds exhibiting a mesophase.
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Experimental

3-(Benzyloxy)benzoic acid, 8.a

This was prepared following a procedure describetie literature [12].

Biphenyl-4-4-diyl bis(3-benzyloxybenzoate), 8.c

A mixture of 3-benzyloxybenzoic aci8,c (2.69 g, 11.82 mmol) and biphenyl-4diol,
8.b (1.1 g, 5.91 mmol) was stirred in anhydrous diotiheethane in the presence of a catalytic
amount of 44,N-dimethylamino)pyridine (DMAP). To this reactionixture was added,N"-
dicyclohexylcarbodiimide (DCC, 2.68 g, 13.01 mmentid stirred overnight at room temperature.
Thus, the dicyclohexylurea formed was filtered afid washed with chloroform several times.
Removal of solvent from the filtrate gave a whitatemial. This material was purified by
column chromatography on silica gel using a mixtafel% ethylacetate in chloroform as an
eluent. Evaporation of the solvent from the elugéee compound.c which was further
crystallized from a mixture of chloroform and agetole. Yield: 3.2 g (89%); mp 214-215 °C;
IR (nujol) vimax 2953, 2924, 2854, 1735, 1728, 1599, 1591, 1492011377, 1321 ch H
NMR (400 MHz, CDC}) &: 7.85 (d,J = 8 Hz, 4H, Ar-H), 7.65 (d) = 8.4 Hz, 4H, Ar-H), 7.49 (t,
J=1.6 Hz, 2H, Ar-H), 7.47-7.4 (m, 6H, Ar-H), 7.38,(J = 7.2 Hz, 2H, Ar-H), 7.3 (dJ = 8.8
Hz, 6H, Ar-H), 7.28 (ddJ, = 1.1 Hz,J, = 4.4 Hz, 2H, Ar-H), 5.16 (s, 4H, Ar-O-GH;
Elemental analysis: 48H300e requires C 79.19, H 4.97; found C 79.24, H 4.75%.

Biphenyl-4-4'-diyl bis(3-hydroxybenzoate), 8.d

Compound.c (3 g, 4.95 mmol) was dissolved in 1,4-dioxane &% Pd-C catalyst (0.6
g) was added to it. The reaction mixture wasedit 55 °C in an atmosphere of hydrogen until
the required quantity of hydrogen was absorbed.e fidaction mixture was filtered hot and
removal of the solvent under reduced pressure gavieite material which was crystallized from
a mixture of 1,4-dioxane and hexane to give pumapmund8.d. Yield: 1.68 g (80%); mp
296.5-298 °C; IR (nujolymax 3427, 2925, 2926, 2854, 2794, 2652, 1716, 1686211491,
1456, 1375, 1363 ¢ 'H NMR (400 MHz, DMSO-g) &: 9.95 (s, 2H, 2 x Ar-OH, exchangeable
with D;0), 7.77 (dJ = 8.8 Hz, 4H, Ar-H), 7.58 (d] = 8 Hz, 2H, Ar-H), 7.52 (tJ = 1.6 Hz, 2H,
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Ar-H), 7.42 (d,J = 7.6 Hz, 2H, Ar-H), 7.37 (d] = 8.4 Hz, 4H, Ar-H), 7.12 (ddl; = 1.6,J,= 4.8
Hz, 2H, Ar-H), Elemental analysis:;§H1s0s requires C 73.23, H 4.25; found C 72.96, H 4%.

4-n-Alkoxybenzoyloxy-4-benzoic acids, 8.e
The synthesis of #-alkoxybenzoyloxy-4-benzoic acids were describedhapter2.

4-n-Alkylbiphenyl-4-carboxylic acids, 8.f
These alkylbiphenyl acids were synthesized foll@vim procedure described in the
literature [13].

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-heptyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.1
This was synthesized following a procedure desdrifoe the preparation of compound

8.c usingbiphenyl-4-4-diyl bis(3-hydroxybenzoateB.d andcompound8.e. Yield: (75%); mp
190 °C; IR (KBr)vmax 3072, 2953, 2922, 2854, 1747, 1737, 1608, 1549611377, 1311 cih
'H NMR (400 MHz, CDCJ) &: 8.3 (d,J = 9.2 Hz, 4H, Ar-H), 8.16 (d) = 7.2 Hz, 6H, Ar-H),
8.09 (t,J = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.8 Hz, 4H, Ar-H), 7.6 (dJ = 8 Hz, 2H, Ar-H), 7.53
(dd,J;=1.2 Hz,J,= 4.8 Hz, 2H, Ar-H), 7.39 (d] = 9.2 Hz, 4H, Ar-H), 7.31 (d] = 8.8 Hz, 4H,
Ar-H), 6.99 (d,J = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.4 Hz, 4H, 2 x Ar-O-Cht), 1.84-1.79 (quin,
J=7.2 Hz, 4H, 2 x Ar-O-CHCH,-), 1.55-1.26 (m, 16H, 2 x -(G#-), 0.88 (t,J = 6.8 Hz, 6H,

2 x -CH); Elemental analysis: dgHes2014 requires C 74.03, H 5.66; found C 73.84, H 5.32%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-nonyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.2

Yield: (78%); mp 192.5 °C; IR (KBymax 3074, 2954, 2922, 2852, 2729, 2667, 1732,
1728, 1608, 1591, 1508, 1456, 1375+ NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.5 Hz,
4H, Ar-H), 8.16 (d,J = 8 Hz, 6H, Ar-H), 8.09 (tJ = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.8 Hz, 4H,
Ar-H), 7.6 (d,J = 8 Hz, 2H, Ar-H), 7.53 (dd}, = 1.2 Hz,J,= 4.4 Hz, 2H, Ar-H), 7.39 (d] = 8.8
Hz, 4H, Ar-H), 7.31 (d,) = 8.8 Hz, 4H, Ar-H), 6.99 (d] = 8.8 Hz, 4H, Ar-H), 4.05 (t)= 6.5
Hz, 4H, 2 x Ar-O-CH-), 1.85-1.8 (quinJ = 7 Hz, 4H, 2 x Ar-O-ChCH,-), 1.37-1.28 (m, 24H,
2 x -(CH)e-), 0.89 (t,J = 6.5 Hz, 6H, 2 x -Ch); Elemental analysis: £H;¢c014 requires
C 74.59, H 6.08; found C 74.47, H 6.47%.
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Biphenyl-4-4'-dilyl bis(3-(4-(4-n-decyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.3

Yield: (76%); mp 188 °C; IR (KBrymax 3074, 2956, 2916, 2948, 2850, 1737, 1730,
1604, 1589, 1510, 1473, 1311 ¢nH NMR (400 MHz, CDC)) &: 8.31 (d,J = 8.8 Hz, 4H,
Ar-H), 8.16 (d,J = 7.2 Hz, 6H, Ar-H), 8.09 (tJ = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.8 Hz, 4H,
Ar-H), 7.62 (d,J = 8 Hz, 2H, Ar-H), 7.53 (ddJ; = 1.2 Hz,J, = 4.8 Hz, 2H, Ar-H), 7.39 (d,
J=9.2 Hz, 4H, Ar-H), 7.31 (dJ = 8.8 Hz, 4H, Ar-H), 6.99 (dJ = 8.8 Hz, 4H, Ar-H), 4.05 (t,
J= 6.4 Hz, 4H, 2 x Ar-O-Cht), 1.85-1.79 (quiny = 7.2 Hz, 4H, 2 x Ar-O-CKCH,-), 1.55-
1.25 (m, 28H, 2 x -(ChJ7-), 0.88 (t,J = 6.8 Hz, 6H, 2 x -Chk); Elemental analysis: GH74014
requires C 74.85, H 6.27; found C 74.75, H 6.25%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-undecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.4

Yield: (76%); mp 187.5 °C; IR (KBrymax 3061, 2955, 2918, 2854, 2725, 1737, 1730,
1714, 1606, 1591, 1510, 1469, 1313criH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.5 Hz,
4H, Ar-H), 8.16 (dJ = 7.2 Hz, 6H, Ar-H), 8.09 () = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.8 Hz, 4H,
Ar-H), 7.55 (d,J = 8.1 Hz, 2H, Ar-H), 7.53 (dd}, = 1.2 Hz,J, = 4.8 Hz, 2H, Ar-H), 7.39 (d,
J=9.2 Hz, 4H, Ar-H), 7.31 (d] = 8.8 Hz, 4H, Ar-H), 6.99 (dJ = 8.68 Hz, 4H, Ar-H), 4.05 (t,
J=6.42 Hz, 4H, 2 x Ar-O-CH), 1.85-1.8 (quinJ = 7.2 Hz, 4H, 2 x Ar-O-CHCH,-), 1.5-1.26
(m, 32H, 2 x -(CH)g-), 0.88 (1,J=6.6 Hz, 6H, 2 x -Ch); Elemental analysis: £H7s014 requires
C 75.10, H 6.46; found C 74.75, H 6.70%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-dodecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.5

Yield: (78%); mp 187.5 °C; IR (KBrymax 3072, 2951, 2920, 2850, 1732, 1728, 1608,
1556, 1510, 1456, 1375 ¢n'H NMR (400 MHz, CDCY) &: 8.31 (d,J = 8.5 Hz, 4H, Ar-H),
8.16 (d,J= 7.2 Hz, 6H, Ar-H), 8.09 (t) = 2 Hz, 2H, Ar-H), 7.65 (d) = 8.8 Hz, 4H, Ar-H), 7.6
(d,J =8 Hz, 2H, Ar-H), 7.53 (dd}, = 1.2 Hz,J, = 4.8 Hz, 2H, Ar-H), 7.39 (d] = 9.2 Hz, 4H,
Ar-H), 7.31 (d,J = 8.8 Hz, 4H, Ar-H), 6.99 (d) = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.5 Hz, 4H,
2 x Ar-O-CH-), 1.85-1.79 (quinJ = 7.2 Hz, 4H, 2 x Ar-O-CKHCH,-), 1.55-1.26 (m, 36H, 2 x
-(CHy)¢-), 0.88 (t,J=6.4 Hz, 6H, 2 x -Ch); Elemental analysis: Hs,014 requires C 75.34,
H 6.64; found C 75.46, H 6.62%.
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Biphenyl-4-4'-dilyl bis(3-(4-(4-n-tridecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.6
Yield: (79%); mp 186.5 °C; IR (KBrymax 3063, 2955, 2922, 2850, 1737, 1714, 1608,

1589, 1506, 1469, 1454, 1313 ¢mH NMR (400 MHz, CDC)) & 8.3 (d,J = 9.2 Hz, 4H,
Ar-H), 8.16 (d,J = 7.2 Hz, 6H, Ar-H), 8.09 (tJ = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.5 Hz, 4H,
Ar-H), 7.6 (d,J = 8 Hz, 2H, Ar-H), 7.53 (dd}; = 1.2 Hz,J,= 4.8 Hz, 2H, Ar-H), 7.39 (d] = 9.2
Hz, 4H, Ar-H), 7.31 (d,) = 8.8 Hz, 4H, Ar-H), 6.99 (d] = 8.88 Hz, 4H, Ar-H), 4.05 () = 6.4
Hz, 4H, 2 x Ar-O-CH-), 1.84-1.79 (quinJ = 7 Hz, 4H, 2 x Ar-O-ChCH,-), 1.55-1.26 (m,
40H, 2 x -(CH)1¢-), 0.88 (t,J=6.8 Hz, 6H, 2 x -Ck); Elemental analysis: dgHssO14 requires

C 75.57,H 6.81; found C 75.17, H 6.85%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-tetradecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.
Yield: (76%); mp 185 °C; IR (KBrymax 3045, 2956, 2916, 2850, 1735, 1730, 1604,

1591, 1512, 1471, 1440, 1311 ¢mH NMR (400 MHz, CDC)) &: 8.3 (d,J = 9.2 Hz, 4H,
Ar-H), 8.16 (d,J = 7.2 Hz, 6H, Ar-H), 8.09 (tJ = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.8 Hz, 4H,
Ar-H), 7.6 (d,J = 8 Hz, 2H, Ar-H), 7.53 (dd}, = 1.2 Hz,J,= 4.8 Hz, 2H, Ar-H), 7.39 (d] = 9.2
Hz, 4H, Ar-H), 7.31 (dJ) = 8.8 Hz, 4H, Ar-H), 6.99 (d] = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.4
Hz, 4H, 2 x Ar-O-CH-), 1.84-1.79 (quinJ = 7.2 Hz, 4H, 2 x Ar-O-CHCH,-), 1.55-1.26 (m,
44H, 2 x -(CH)11-), 0.88 (t,J = 6.8 Hz, 6H, 2 x -Ck); Elemental analysis: ggHgoO14 requires

C 75.78,H 6.97; found C 76.11, H 7.29%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-pentadecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.

Yield: (78%); mp 184.5 °C; IR (KBrymax 3063, 2953, 2916, 2848, 1737, 1730, 1695,
1606, 1591, 1494, 1469, 1440, 1396, 1311'cthHl NMR (400 MHz, CDC}) &: 8.31 (d,J = 8.8
Hz, 4H, Ar-H), 8.16 (d,) = 8.8 Hz, 6H, Ar-H), 8.1 (tJ = 2 Hz, 2H, Ar-H), 7.65 (dJ) = 8.4 Hz,
4H, Ar-H), 7.61 (dJ = 7.6 Hz, 2H, Ar-H), 7.54 (dd}, = 1.2 Hz,J,= 4.8 Hz, 2H, Ar-H), 7.4 (d,
J=9.2 Hz, 4H, Ar-H), 7.32 (d) = 6.8 Hz, 4H, Ar-H), 6.99 (d] = 9.2 Hz, 4H, Ar-H), 4.06 (t,
J =8 Hz, 4H, 2 x Ar-O-Ch), 1.85-1.8 (quinJ = 7.2 Hz, 4H, 2 x Ar-O-CHCH,-), 1.5-1.27
(m, 48H, 2 x -(CH)12), 0.89 (t,J = 6.4 Hz, 6H, 2 x -Ck); Elemental analysis: &Hg4O14
requires C 75.99, H 7.13; found C 76.19, H 7.35%.
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Biphenyl-4-4'-dilyl bis(3-(4-(4-n-hexadecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.A.9
Yield: (77%); mp 182.5 °C; IR (KBrymax 3074, 2955, 2916, 2848, 1735, 1732, 16086,

1510, 1500, 1471, 1440, 1311 ¢nH NMR (400 MHz, CDC)) &: 8.31 (d,J = 8.8 Hz, 4H,
Ar-H), 8.16 (d,J = 8 Hz, 6H, Ar-H), 8.09 (tJ = 2 Hz, 2H, Ar-H), 7.65 (dJ = 8.8 Hz, 4H,
Ar-H), 7.6 (d,J = 8 Hz, 2H, Ar-H), 7.53 (dd}; = 1.2 Hz,J,= 4.4 Hz, 2H, Ar-H), 7.39 (d] = 8.8
Hz, 4H, Ar-H), 7.31 (dJ) = 8.8 Hz, 4H, Ar-H), 6.99 (d] = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.8
Hz, 4H, 2 x Ar-O-CH-), 1.86-1.79 (quinJ = 6.8 Hz, 4H, 2 x Ar-O-CHCH,-), 1.5-1.26 (m,
52H, 2 x -(CH)13), 0.88 (t,J=6.8 Hz, 6H, 2 x -Ch); Elemental analysis: §gHosO14 requires

C 76.26, H 7.25; found C 76.14, H 7.1%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-octadecyloxy)benzoyloxy)benzoyloxy)benzoate, 8.4.1

Yield: (76%); mp 180 °C; IR (KBrymax 3074, 2955, 2914, 2848, 2756, 1735, 1730,
1695, 1604, 1589, 1471, 1440, 1311"ciH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.8 Hz,
4H, Ar-H), 8.16 (dJ = 8 Hz, 6H, Ar-H), 8.1 (tJ = 3.6 Hz, 2H, Ar-H), 7.66 (d] = 8.8 Hz, 4H,
Ar-H), 7.61 (d,J = 8 Hz, 2H, Ar-H), 7.54 (dd}; = 1.2 Hz,J,= 4.8 Hz, 2H, Ar-H), 7.4 (d) = 8.8
Hz, 4H, Ar-H), 7.32 (d,) = 8.8 Hz, 4H, Ar-H), 7 (dJ = 8.8 Hz, 4H, Ar-H), 4.06 (1) = 6.4 Hz,
4H, 2 x Ar-O-CH-), 1.85-1.79 (quinJ = 8 Hz, 4H, 2 x Ar-O-CHCH,-), 1.5-1.26 (m, 60H, 2 x
-(CH,)15), 0.88 (t,J = 8 Hz, 6H, 2 x -Ch); Elemental analysis: JgH10¢014 requires C 76.57,
H 7.56; found C 76.67, H 7.89%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-icosodecyloxy)benzoyloxy)benzoyloxy)benzoate, 81A.

Yield: (75%); mp 178.5 °C; IR (KBrymax 3074, 3063, 2955, 2916, 2848, 2771, 1737,
1730, 1695, 1604, 1589, 1471, 1440, 1311'ctHl NMR (400 MHz, CDGJ) &: 8.31 (d,J = 9.2
Hz, 4H, Ar-H), 8.16 (dJ = 7.2 Hz, 6H, Ar-H), 8.1 (tJ = 2 Hz, 2H, Ar-H), 7.65(d) = 8.8 Hz,
4H, Ar-H), 7.61 (dJ = 8 Hz, 2H, Ar-H), 7.54 (dd}; = 1.2 Hz,J, = 4.8 Hz, 2H, Ar-H), 7.39 (d,
J=9.2 Hz, 4H, Ar-H), 7.31 (d) = 8.8 Hz, 4H, Ar-H), 6.99 (d] = 8.8 Hz, 4H, Ar-H), 4.05 (t,
J=6.4 Hz, 4H, 2 x Ar-O-CH), 1.84-1.79 (quin] = 7.2 Hz, 4H, 2 x Ar-O-CKHCH,-), 1.55-
1.26 (m, 68H, 2 x -(Ch17), 0.88 (t,J = 8 Hz, 6H, 2 x -Ch); Elemental analysis: daH114014
requires C 76.93, H 7.82; found C 76.50, H 8.21%.
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Biphenyl-4-4'-dilyl bis(3-(4-(4-n-octadecyloxy)-3-fluorobenzoyloxy)benzoyloxy)benzda,
8.A.12

Yield: (70%); mp 194 °C; IR (KBrymax 3063, 2922, 2952, 2725, 1737, 1732, 1695,
1604, 1589, 1471, 1454, 1377, 1311%5rtH NMR (400 MHz, CDC}) &: 8.31 (d,J = 8.8 Hz,
4H, Ar-H), 8.16 (dJ = 8 Hz, 2H, Ar-H), 8.09 (tJ = 2 Hz, 2H, Ar-H), 7.97 (d) = 9.2 Hz, 2H,
Ar-H), 7.91 (d,J = 9.6 Hz, 2H, Ar-H), 7.66-7.59 (m, 6H, Ar-H) 7.5dd, J, = 1.2 Hz,J,= 6 Hz,
2H, Ar-H), 7.39 (dJ = 8.8 Hz, 4H, Ar-H), 7.31 (d] = 8.8 Hz, 4H, Ar-H), 7.05 () = 8 Hz, 2H,
Ar-H), 4.13 (t,J = 6.8 Hz, 4H, 2 x Ar-O-Ch), 1.87-1.83 (quinJ = 7.2 Hz, 4H, 2 x
Ar-O-CH,-CH-), 1.51-1.26 (m, 60H, 2 x -(GHs), 0.87 (t,J = 6.8 Hz, 6H, 2 x -Cb);
Elemental analysis: ggH104F014 requires C 74.66, H 7.24; found C 74.27, H 7.12%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-hexadecyl)benzoyloxy)benzoyloxy)benzoate, 8.A.13

Yield: (68%); mp 176.5 °C; IR (KBrymax 3074, 2953, 2920, 2850, 2725, 1735, 1730,
1602, 1591, 1471, 1444, 1377 ¢mtH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 6.8 Hz, 4H,
Ar-H), 8.16 (d,J = 7.6 Hz, 2H, Ar-H), 8.14 (dJ = 8.4 Hz, 2H, Ar-H), 8.09 (tJ = 2 Hz, 2H,
Ar-H), 7.64 (d,J = 6.8 Hz, 4H, Ar-H), 7.6 (dJ = 8 Hz, 2H, Ar-H), 7.54 (dd}, = 1.2 Hz,J,= 4.4
Hz, 2H, Ar-H), 7.39 (dJ = 8.8 Hz, 4H, Ar-H), 7.32 (tJ = 8.32 Hz, 8H, Ar-H), 2.71 (= 7.6
Hz, 4H, 2 x Ar-CH-), 1.71-1.63 (quinJ = 7.6 Hz, 4H, 2 x Ar-ChCH,-), 1.37-1.29 (m, 52H,
2 x -(CH)13), 0.88 (t,J = 6.4 Hz, 6H, 2 x -Ch); Elemental analysis: dgHqsO12> requires
C 78.04, H 7.45; found C 77.88, H 7.49%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-decylbiphenyl)carbonyloxy)benzoate, 8.B.1
Yield: (65%); mp 191.5 °C; IR (KBrymax 3074, 2955, 2922, 2852, 2721, 1745, 1728,

1604, 1593, 1471, 1460, 1377, 1311'cH NMR (400 MHz, CDC}) &: 8.28 (d,J = 8.4 Hz,
4H, Ar-H), 8.16 (dJ = 8 Hz, 2H, Ar-H), 8.1 (tJ = 2 Hz, 2H, Ar-H), 7.75 (dJ = 8.8 Hz, 4H,
Ar-H), 7.65 (d,J = 8.5 Hz, 4H, Ar-H), 7.62 (t, 2H, Ar-H), 7.59 (d,= 8.2 Hz, 4H, Ar-H), 7.53
(dd, J; = 1.4 Hz,J, = 6.5 Hz, 2H, Ar-H), 7.31 (dd); = 2 Hz,J, = 6 Hz, 8H, Ar-H), 2.67 (t,
J=7.5Hz, 4H, 2 x Ar-Cht), 1.69-1.61 (quinJ = 7.5 Hz, 4H, 2 x Ar-ChCH,-), 1.38-1.27 (m,
28H, 2 x -(CH)-), 0.88 (t,J = 6.5 Hz, 6H, 2 x -Ck); Elemental analysis: £H40s requires

C 81.03, H 6.98; found C 81.23, H 7.03%.
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Biphenyl-4-4'-dilyl bis(3-(4-(4-n-dodecylbiphenyl)carbonyloxy)benzoate, 8.B.2

Yield: (63%); mp 190.5 °C; IR (KBymax 3072, 2953, 2920, 2752, 2727, 1735, 1728,
1618, 1593, 1471, 1462, 1454, 1377ctH NMR (400 MHz, CDC}) &: 8.27 (d,J = 8.4 Hz,
4H, Ar-H), 8.16 (d,J = 8 Hz, 2H, Ar-H), 8.1 (tJ = 2 Hz, 2H, Ar-H), 7.75 (dJ = 8.2Hz, 4H,
Ar-H), 7.64 (d,J = 8.8 Hz, 4H, Ar-H), 7.61 (t, 2H, Ar-H), 7.59 (d~ 8 Hz, 4H, Ar-H), 7.53 (dd,
J1=1.5Hz,J,=6.5 Hz, 2H, Ar-H), 7.31 (ddl, = 2 Hz,J,= 6 Hz, 8H, Ar-H), 2.67 (t)= 7.4 Hz,
4H, 2 x Ar-CH-), 1.69-1.62 (quinJ = 7.2 Hz, 4H, 2 x Ar-CR#CH,-), 1.39-1.27 (m, 36H, 2 x
-(CHy)¢-), 0.88 (t,J = 6.8 Hz, 6H, 2 x -Ch); Elemental analysis: £Hs,Og requires C 81.25,
H 7.35; found C 81.65, H 7.79%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-tetradecylbiphenyl)carbonyloxy)benzoate, 8.B.3
Yield: (68%); mp 187.5 °C; IR (KBrymax 3074, 2955, 2918, 2850, 2756, 1743, 1735,

1732, 1695, 1604, 1591, 1471, 1456, 1375, 131%; ¢k NMR (400 MHz, CDCJ) &: 8.27 (d,
J= 8.4 Hz, 4H, Ar-H), 8.16 (d] = 8 Hz, 2H, Ar-H), 8.1 (tJ = 2 Hz, 2H, Ar-H), 7.74 (dJ = 8.8
Hz, 4H, Ar-H), 7.64 (dJ) = 8.8 Hz, 4H, Ar-H), 7.61 (t, 2H, Ar-H), 7.59 (d= 8 Hz, 4H, Ar-H),
7.53 (dd,J, = 1.5 Hz,J,= 6.5 Hz, 2H, Ar-H), 7.31 (dd}; = 2 Hz,J, = 6 Hz, 8H, Ar-H), 2.67 (t,
J=7.6 Hz, 4H, 2 x Ar-Cht), 1.69-1.62 (quinJ = 7.2 Hz, 4H, 2 x Ar-CR+CH,-), 1.39-1.27 (m,
44H, 2 x -(CH)11-), 0.88 (t,J = 6.8 Hz, 6H, 2 x -Ch); Elemental analysis: dgHgoOg requires

C 81.46, H 7.68; found C 81.01, H 7.39%.

Biphenyl-4-4'-dilyl bis(3-(4-(4-n-hexadecylbiphenyl)carbonyloxy)benzoate, 8.B.4
Yield: (65%); mp 183.5 °C; IR (KBrymax 3062, 2953, 2922, 2852, 2725, 1745, 1730,

1606, 1593, 1491, 1467, 1454, 1377, 1313"ctHl NMR (400 MHz, CDCJ) &: 8.27 (d,J = 8.4
Hz, 4H, Ar-H), 8.16 (dJ = 7.6 Hz, 2H, Ar-H), 8.1 (t) = 1.6 Hz, 2H, Ar-H), 7.74 (d] = 8.8 Hz,
4H, Ar-H), 7.64 (dJ = 8.8 Hz, 4H, Ar-H), 7.61 (t, 2H, Ar-H), 7.59 (d,= 8.4 Hz, 4H, Ar-H),
7.54 (ddJ;= 1.2 Hz,J,= 7.2 Hz, 2H, Ar-H), 7.31 (dd}; = 2.4 Hz,J,= 6 Hz, 8H, Ar-H), 2.67 (t,
J=7.6 Hz, 4H, 2 x Ar-Cht), 1.69-1.61 (quinJ = 7.2 Hz, 4H, 2 x Ar-ChCH,-), 1.39-1.27 (m,
52H, 2 x -(CH)13-), 0.87 (t,J = 6.4 Hz, 6H, 2 x -Ch); Elemental analysis: &gHqsOs requires

C 81.65, H 7.98; found C 81.29, H 7.90%.
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4-Benzyloxyphenyl-4-benzyloxybenzoate, 8.i

This was synthesized following a procedure desdrifoe the preparation of compound
8.cusing4-benzyloxybenzoic acid.g (4 g, 17.54 mmol), 4-benzyloxyphen8lh (3.85 g, 19.29
mmol) and DCC (3.98 g, 19.29 mmol) in the preseate catalytic amount of DMAP in
dichloromethane. This material was purified by ootuchromatography on silica gel using
chloroform as an eluent. Evaporation of the sdlfesm the eluate gave compouBd which
was further crystallized from a mixture of chlorofoand petroleum ether. Yield: 5.17 g (72%);
mp 172.5-174 °C; IR (nujoNmax 3044, 2953, 2924, 2852, 2723, 1726, 1697, 16682311508,
1454, 1377 ci, *H NMR (400 MHz, CDCJ) &: 8.14 (d,J = 8 Hz, 2H, Ar-H), 7.46-7.33 (m,
10H, Ar-H), 7.11 (d,) = 8.8 Hz, 2H, Ar-H), 7.05 (d] = 8.8 Hz, 2H, Ar-H), 7 (dJ = 9.2 Hz, 2H,
Ar-H), 5.16 (s, 2H, Ar-O-Cht); 5.07 (s, 2H, Ar-O-Cht); Elemental analysis: £H2,0,4 requires
C 79.01, H 5.39; found C 78.76, H 5.04%.

4-Hydroxyphenyl-4-hydroxybenzoate, 8.]
This was synthesized following a procedure desdriloe the preparation of compound

8.d using compound.i. Yield: 2.46 g (88%); mp 248-249.5 °C; IR (nujel}ax 3319, 3248,
3064, 3010, 2955, 2924, 2854, 1693, 1681, 1612],155908, 1446, 1377, cl*H NMR (400
MHz, CD;COCD;) &: 9.22 (s, 1H, Ar-OH, exchangeable with(@), 8.34 (s, 1H, Ar-OH,
exchangeable with @), 8 (d,J = 8.8 Hz, 2H, Ar-H), 7.02 (dJ = 9.2 Hz, 2H, Ar-H), 6.96 (d,
J = 8.8 Hz, 2H, Ar-H), 6.86 (d) = 8.8 Hz, 2H, Ar-H); Elemental analysisi4#8:004 requires
C 67.82, H 4.37; found C 67.42, H 4.03%.

4-(4-(3-(Benzloxy)benzoyloxy)benzoyloxy)phenyl 3-beyloxybenzoate, 8.k

This was synthesized following a procedure desdrifoe the preparation of compound
8.c using3-benzyloxybenzoic acid.a (4.16 g, 18.24 mmol), 4-benzyloxyphen8lj (2 g, 8.69
mmol) and DCC (3.94 g, 19.13 mmol) in the preseata catalytic amount of DMAP in
dichloromethane. Yield: 3.72 g (66%); mp 130-131C5 IR (nujol) vinax 3066, 2954, 2922,
2852, 2721, 2671, 1735. 1732, 1599, 1506, 14580,14377, 1363 cifi '"H NMR (400 MHz,
CDCl) & 8.3 (d,J = 8.8 Hz, 2H, Ar-H), 7.81 (t) = 1.6 Hz, 4H, Ar-H), 7.48-7.34 (m, 15H,
Ar-H), 7.27 (d,J = 9.2 Hz, 5H, Ar-H), 5.15 (s, 2H, Ar-O-GH; Elemental analysis: £&H300s
requires C 75.68, H 4.64; found C 75.48, H 4.70%.
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4-(4-(3-Hydroxybenzoyloxy)benzoyloxy)phenyl 3-hydmybenzoate, 8.1

This was synthesized following a procedure desdrifoe the preparation of compound
8.d using compound.k. Yield: 2.3 g (90%); mp 251-252.5 °C; IR (nujolphax 3462, 3066,
2955, 2922, 2854, 2723, 1732, 1712, 1602, 1504114854, 1377 cifi *H NMR (400 MHz,
CD3COCD;) &: 8.79 (s, 2H, 2 x Ar-OH, exchangeable with@), 8.3 (d,J = 8.8 Hz, 2H, Ar-H),
7.68-7.63 (m, 4H, Ar-H), 7.53 (d,= 8.8 Hz, 2H, Ar-H), 7.45 (m, 6H, Ar-H), 7.19 (= 8.8 Hz,
2H, Ar-H); Elemental analysis: &H150s requires C 68.93, H 3.85; found C 68.59, H 3.4%.

4-(4-(3-(4-(4n-Heptyloxybenzoyloxy)benzoyloxy)benzoyloxy)benzoyky)phenyl 3-(4-(4n-
heptyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.1
Yield: (72%); mp 186 °C; IR (KBrvmax 3074, 2955, 2848, 2721, 1735, 1730, 1604,

1589, 1506, 1471, 1377, 1311 ¢mtH NMR (400 MHz, CDC)) &: 8.31 (d,J = 8.6 Hz, 6H,
Ar-H), 8.16 (d,J = 8.6 Hz, 6H, Ar-H), 8.09 (dJ = 8 Hz, 2H, Ar-H), 7.62 (dJ = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8.4 Hz, 2H, Ar-H), 7.4 (dd), = 4.4 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.6 Hz, 4H, Ar-H), 4.06 (1) = 6.8 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.8 (quin,
J=7.8 Hz, 4H, 2 x Ar-O-CRCH,-), 1.51-1.31 (m, 16H, 2 x -(Gh#-), 0.9 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: ggHes2016 requires C 72.24, H 5.44; found C 71.83, H 5.23%.

4-(4-(3-(4-(4n-Decyloxybenzoyloxy)benzoyloxy)benzoyloxy)benzoylgyphenyl 3-(4-(4n-
decyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.2
Yield: (74%); mp 180.5 °C; IR (KB¥max 3063, 2953, 2922, 2852, 2725, 1735, 1730,

1604, 1589, 1508, 1460, 1377, 1340 criH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.2 Hz,
6H, Ar-H), 8.16 (d,J = 8.2 Hz, 6H, Ar-H), 8.09 (d] = 8.6 Hz, 2H, Ar-H), 7.62 (d] = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8.4 Hz, 2H, Ar-H), 7.4 (dd), = 4.2 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.6 Hz, 4H, Ar-H), 4.05 (t) = 6.8 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.79 (quin,
J=7.8 Hz, 4H, 2 x Ar-O-CHCH,-), 1.51-1.26 (m, 28H, 2 x -(G#}-), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: £H740:6 requires C 73.15, H 6.05; found C 73.55, H 6.27%.
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4-(4-(3-(4-(4n-Undecyloxybenzoyloxy)benzoyloxy)benzoyloxy)benzayty)phenyl 3-(4-(4-
n-undecyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.3
Yield: (74%); mp 177.5 °C; IR (KB¥max 3074, 2955, 2922, 2852, 1737, 1732, 1604,

1591, 1508, 1462, 1454, 1377, 1311"ciH NMR (400 MHz, CDCJ) &: 8.30 (d,J = 8.8 Hz,
6H, Ar-H), 8.15 (dJ = 8.4 Hz, 6H, Ar-H), 8.09 (d] = 8 Hz, 2H, Ar-H), 7.62 (dJ = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8..4 Hz, 2H, Ar-H), 7.4 (dd), = 3.8 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.8 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.79 (quin,
J=7.4 Hz, 4H, 2 x Ar-O-C®CH,-), 1.50-1.26 (m, 32H, 2 x -(G#it-), 0.88 (t,J = 8.2 Hz, 6H,

2 x -CH); Elemental analysis: £H7s016 requires C 73.43, H 6.24; found C 73.21, H 6.52%.

4-(4-(3-(4-(4n-Dodecyloxybenzoyloxy)benzoyloxy)benzoyloxy)benzapy)phenyl 3-(4-(4n-
dodecyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.4
Yield: (71%); mp 164 °C; IR (KBrymax 3074, 2953, 2920, 2850, 2726, 1737, 1732,

1606, 1591, 1471, 1454, 1377, 1311 %H NMR (400 MHz, CDCJ) &: 8.3 (d,J = 8.2 Hz, 6H,
Ar-H), 8.15 (d,J = 8.88 Hz, 6H, Ar-H), 8.09 (d] = 8.4 Hz, 2H, Ar-H), 7.61 (d] = 8.2 Hz, 2H,
Ar-H), 7.55 (t,J = 8 Hz, 2H, Ar-H), 7.4 (dd), = 4 Hz,J, = 7.8 Hz, 6H, Ar-H), 7.3 (t, 4H, Ar-H),
6.99 (d,J = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.4 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.79 (quin) = 8

Hz, 4H, 2 x Ar-O-CH-CH,-), 1.51-1.26 (m, 36H, 2 x -(Gi-), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: 4Hg2016 requires C 73.70, H 6.41; found C 73.49, H 6.34%.

4-(4-(3-(4-(4n-Tridecyloxybenzoyloxy)benzoyloxy)benzoyloxy)benzdgxy)phenyl 3-(4-(4-
n-tridecyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.5
Yield: (73%); mp 164.5 °C; IR (KBrymax 3063, 2953, 2922, 2854, 2727, 1735, 1730,

1604, 1591, 1508, 1454, 1377, 1311"ctH NMR (400 MHz, CDC}) &: 8.31 (d,J = 8.4 Hz,
6H, Ar-H), 8.16 (dJ = 8.6 Hz, 6H, Ar-H), 8.09 (d] = 8 Hz, 2H, Ar-H), 7.62 (d) = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8.4 Hz, 2H, Ar-H), 7.4 (ddJ, = 4.2 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.6 Hz, 4H, Ar-H), 4.05 (t) = 6.8 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.79 (quin,
J=7.8 Hz, 4H, 2 x Ar-O-CRCH,-), 1.51-1.26 (m, 40H, 2 x -(CHl¢-), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: dgHgeO16 requires C 73.95, H 6.59; found C 74.18, H 6.83%.
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4-(4-(3-(4-(4n-Tetradecyloxybenzoyloxy)benzoyloxy)benzoyloxy)bewoygloxy)phenyl 3-(4-
(4-n-tetradecyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.6
Yield: (72%); mp 161.5 °C; IR (KB¥max 3074, 2955, 2922, 2852, 2721, 1735, 1732,

1604, 1591, 1456, 1377 ém'H NMR (400 MHz, CDC}) &: 8.31 (d,J = 8.6 Hz, 6H, Ar-H),
8.16 (d,J = 8.6 Hz, 6H, Ar-H), 8.09 (dJ = 8 Hz, 2H, Ar-H), 7.62 (dJ = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8.4 Hz, 2H, Ar-H), 7.4 (dd), = 4.5 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.4 Hz, 4H, Ar-H), 4.05 (tJ = 6.6 Hz, 4H, 2 x Ar-O-Cht), 1.85-1.8 (quin,
J= 7.8 Hz, 4H, 2 x Ar-O-CHCH,-), 1.51-1.26 (m, 44H, 2 x -(GM1-), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: &gHgoO16 requires C 74.2, H 6.74; found C 74.43, H 6.42%.

4-(4-(3-(4-(4n-Hexadecyloxybenzoyloxy)benzoyloxy)benzoyloxy)bengoxy)phenyl 3-(4-
(4-n-hexadecyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.7
Yield: (76%); mp 140.5 °C; IR (KBymax 3066, 2953, 2916, 2850, 2719, 1735, 1732,

1604, 1589, 1471, 1454, 1377 ¢mtH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.8 Hz, 6H,
Ar-H), 8.15 (d,J = 8.8 Hz, 6H, Ar-H), 8.09 (dJ = 8 Hz, 2H, Ar-H), 7.61 (dJ = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8.4 Hz, 2H, Ar-H), 7.4 (dd), = 4.5 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.8 Hz, 4H, Ar-H), 4.06 (tJ = 6.8 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.8 (quin,
J=7.8 Hz, 4H, 2 x Ar-O-CHCH,-), 1.5-1.26 (m, 52H, 2 x -(Chts), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: é&HgsO16 requires C 74.66, H 7.05; found C 74.32, H 7.42%.

4-(4-(3-(4-(4n-Octadecyloxybenzoyloxy)benzoyloxy)benzoyloxy)benglmxy)phenyl 3-(4-(4-
n-octadecyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.8
Yield: (79%); mp 135.5 °C; IR (KBrymax 3074, 2954, 2922, 2850, 2721, 1737, 1732,

1604, 1591, 1471, 1440, 1377, 1311 %H NMR (400 MHz, CDCJ) &: 8.3 (d,J = 8.8 Hz, 6H,
Ar-H), 8.15 (d,J = 8.8 Hz, 6H, Ar-H), 8.09 (d) = 8 Hz, 2H, Ar-H), 7.62 (dJ = 8 Hz, 2H,
Ar-H), 7.54 (t,J = 8.8 Hz, 2H, Ar-H), 7.4 (dd}); = 3.6 Hz,J, = 7.8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.8 Hz, 4H, 2 x Ar-O-Cht), 1.86-1.79 (quin,
J=7.4 Hz, 4H, 2 x Ar-O-CHCH,-), 1.51-1.26 (m, 60H, 2 x -(Ghis-), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: dgH106016requires C 75.08, H 7.33; found C 74.70, H 7.03%.
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4-(4-(3-(4-(4n-lcosyloxybenzoyloxy)benzoyloxy)benzoyloxy)benzoytg)phenyl 3-(4-(4n-
icosyloxybenzoyloxy)benzoyloxy)benzoate, 8.C.9

Yield: (75%); mp 135.5 °C; IR (KBrymax 3074, 3063, 2955, 2914, 2848, 2627, 1737,
1730, 1604, 1591, 1508, 1471, 1440, 1311'ctHl NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.4
Hz, 6H, Ar-H), 8.16 (d,) = 8.6 Hz, 6H, Ar-H), 8.09 (dJ = 8 Hz, 2H, Ar-H), 7.61 (dJ = 8 Hz,
2H, Ar-H), 7.54 (t,J = 8.8 Hz, 2H, Ar-H), 7.4 (dd), = 4 Hz,J, = 8 Hz, 6H, Ar-H), 7.3 (t, 4H,
Ar-H), 6.99 (d,J = 8.8 Hz, 4H, Ar-H), 4.05 (t) = 6.6 Hz, 4H, 2 x Ar-O-Cht), 1.85-1.80 (quin,
J=7.2 Hz, 4H, 2 x Ar-O-CiCH,-), 1.51-1.29 (m, 68H, 2 x -(GM)+), 0.87 (t,J = 7.8 Hz, 6H,
2 x -CH); Elemental analysis: dgH114016requires C 75.47, H 7.60; found C 75.83, H 7.39%.

4-((3-((4-(4-(3-(4-(3-Fluoro-4n-hexadecyloxybenzoyloxy)benzoyloxy)benzoyloxy)
benzoyloxy)phenoxy)carbonyl)phenoxy)carbonyl)phenyB-fluoro-4-n-hexadecyloxy
benzoate, 8.C.10

Yield: (70%); mp 171.5 °C; IR (KBrymax 3064, 2955, 2916, 2852, 2729, 1735, 1732,
1618, 1589, 1508, 1456, 1440, 1375%H NMR (400 MHz, CDCJ) &: 8.31 (d,J = 8.8 Hz,
6H, Ar-H), 8.15 (dJ = 8.82 Hz, 2H, Ar-H), 8.08 (d] = 6.8 Hz, 2H, Ar-H), 7.62 (d] = 7.68 Hz,
3H, Ar-H), 7.54 (tJ = 6.8 Hz, 3H, Ar-H), 7.4 (dd}; =3.6 Hz,J, = 8 Hz, 6H, Ar-H), 7.30 (t, 2H,
Ar-H), 7.05 (t,J = 8.4 Hz, 2H, Ar-H), 4.13 (t) = 6.4 Hz, 4H, 2 x Ar-O-Cht), 1.89-1.83 (quin,
J=6.8 Hz, 4H, 2 x Ar-O-CHCH,-), 1.53-1.25 (m, 52H, 2 x -(Ghis-), 0.88 (t,J = 6.8 Hz, 6H,
2 x -CH); Elemental analysis: §gHgeF2016 requires C 72.78, H 6.73; found C 72.86, H 6.98%

4-(4-(3-(4-(4n-Hexadecylbenzoyloxy)benzoyloxy)benzoyloxy)benzowg) phenyl 3-(4-(4n-
hexadecylbenzoyloxy)benzoyloxy)benzoate, 8.C.11

Yield: (65%); mp 146.5 °C; IR (KBrymax 3066, 2953, 2922, 2852, 2719, 1735, 1732,
1602, 1502, 1460, 1454, 1377, 1311"ciH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 7.2 Hz,
6H, Ar-H), 8.16 (d,J = 7.6 Hz, 6H, Ar-H), 8.09 (d] = 6.4 Hz, 2H, Ar-H), 7.62 (d) = 6.8 Hz,
2H, Ar-H), 7.55 (tJ= 6 Hz, 2H, Ar-H), 7.41 (d) = 6.8 Hz, 6H, Ar-H), 7.33 (d] = 8.4 Hz, 6H,
Ar-H), 7.31 (t, 2H, Ar-H), 2.71 (1) = 7.6 Hz, 4H, 2 x Ar-Ckt), 1.71-1.63 (quinJ = 7.2 Hz, 4H,
2 x Ar-CH-CH-), 1.37-1.29 (m, 52H, 2 x -(Chis), 0.88 (t,J = 7.2 Hz, 6H, 2 x -Ch);
Elemental analysis: &HgsO14 requires C 76.40, H 7.22; found C 76.76, H 7.08%.
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3-((4-((4-(3-(-4-n-Dodecylbiphenylcarbonyloxy)benzoyloxy)phenoxy)carbnyl)phenoxy)
carbonyl)phenyl 4-n-dodecylbiphenyl-4-carboxylate, 8.D.1
Yield: (70%); mp 184.5 °C; IR (KBr¥max 3064, 2953, 2922, 2852, 2726, 1735, 1730,

1604, 1593, 1508, 1454, 1377, 1311"ciH NMR (400 MHz, CDC)) &: 8.31 (d,J = 6.8 Hz,
2H, Ar-H), 8.27 (d,J = 8.8 Hz, 4H, Ar-H), 8.15 (dJ = 7.4 Hz, 2H, Ar-H), 8.09 (d] = 6.8 Hz,
2H, Ar-H), 7.75 (d,J = 7.6 Hz, 4H, Ar-H), 7.64-7.54 (m, 8H, Ar-H), 7.4d, J = 8.8 Hz, 2H,
Ar-H), 7.3 (t,J = 4.8 Hz, 8H, Ar-H), 2.67 (tJ = 7.6 Hz, 4H, 2 x Ar-Cht), 1.69-1.63 (quin,

J = 6.8 Hz, 4H, 2 x Ar-CR+CH,-), 1.37-1.26 (m, 36H, 2 x -(Ght-), 0.88 (t,J = 8 Hz, 6H,

2 x -CH); Elemental analysis: £Hg,010 requires C 79.22, H 7.07; found C 79.01, H 6.71%.

3-((4-((4-(3-(-4-n-Hexadecylbiphenylcarbonyloxy)benzoyloxy)phenoxy)adonyl)phenoxy)
carbonyl)phenyl 4-n-hexadecylbiphenyl-4-carboxylate, 8.D.2

Yield: (68%); mp 172.5 °C; IR (KBrymax 3074, 2952, 2922, 2854, 2725, 1735, 1730,
1604, 1593, 1508, 1454, 1377, 1311criH NMR (400 MHz, CDCJ) &: 8.31 (d,J = 6.8 Hz,
2H, Ar-H), 8.27 (dJ = 8.4 Hz, 4H, Ar-H), 8.15 (d] = 8 Hz, 2H, Ar-H), 8.09 (d] = 6.8 Hz, 2H,
Ar-H), 7.74 (d,J = 8 Hz, 4H, Ar-H), 7.64-7.53 (m, 8H, Ar-H), 7.41, @= 8.8 Hz, 2H, Ar-H),
7.30 (t,J = 4.6 Hz, 8H, Ar-H), 2.67 () = 7.8 Hz, 4H, 2 x Ar-Cht), 1.69-1.62 (quinJ = 6.8 Hz,
4H, 2 x Ar-CH-CHy-), 1.37-1.26 (m, 52H, 2 x -(Giis), 0.87 (t,J = 8 Hz, 6H, 2 x -Ch);
Elemental analysis: gHgsO10 requires C 79.78, H 7.72; found C 80.17, H 8.16%.
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