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Non-symmetric liquid crystal dimers based on 1,3,4-oxadiazole derivatives: synthesis,
photoluminescence and liquid crystal behaviour

Jie Han*, Miao Zhang, Fuli Wang and Qiang Geng

Department of Chemistry, Nankai University, Tianjin 300071, PR China

(Received 5 September 2010; final version received 23 September 2010)

A series of non-symmetric liquid crystal compounds consisting of two different semi-rigid anisometric cores,
namely 1,3,4-oxidiazole and biphenyl units, and two short terminal groups, have been synthesised in good yield. It
has been shown by polarising optical microscopy and differential scanning calorimetry that all these compounds
display liquid crystalline behaviour, with nematic and/or smectic A mesophases. The nature of the mesophases is
dependent on the electronic properties of the terminal groups. In methylene chloride solution all the compounds
displayed a room temperature emission with λmax at 358–396 nm and quantum yields of 0.29–0.56. The effect of
the terminal groups on the mesomorphic and photoluminescent properties is briefly discussed in the context of
their electronic characteristics.

Keywords: liquid crystal dimer; photoluminescence; 1,3,4-oxadiazole; synthesis

1. Introduction

Liquid crystal compounds may be composed of
molecules containing two mesogenic groups linked
by a flexible spacer. Symmetrical liquid crystalline
dimers contain two identical mesogenic units, whereas
their non-symmetrical analogues have two different
mesogenic groups [1–4]. Initial interest in these mate-
rials has stemmed from their ability to act as model
compounds for semi-flexible main-chain liquid crys-
tal polymers, but they are now of fundamental interest
in their own right since their behaviour is significantly
different to that of conventional liquid crystals of low
molar mass [5–14].

In recent years mesogenic 1,3,4-oxadiazole deriva-
tives have been extensively investigated, both within
our own research group [15–22] and by others [23–
28], since this type of compound may exhibit tun-
able liquid crystalline properties with a high quantum
yield of luminescence, together with good thermal
stability and electron transport properties. In par-
ticular, oxadiazole-based compounds have attracted
considerable interest on account of their potential to
adopt a biaxial nematic phase [29, 30]. Studies based
on 1,3,4-oxadiazole-based liquid crystal dimers have,
however, been relatively scarce.

Sato and Ujiie [31] reported the first series of
LC dimers composed of 2,5-diphenyl-1,3,4-oxadiazole
derivatives, containing a range of substituted groups
linked by an octamethylenedioxy spacer. They found
that the liquid crystalline properties of these com-
pounds were determined by the terminal groups.
All the compounds with electron-withdrawing groups

∗Corresponding author. Email: hanjie@nankai.edu.cn

exhibited enantiotropic nematic phases, whereas those
with electron-donating groups were not liquid crys-
talline. In contrast, Srivastava et al. [32] have recently
reported a further series of 1,3,4-oxadiazole-based
dimers containing two identical dodecyloxy end-
groups and an alkoxy spacer of varying chain length.
Although all these compounds displayed blue fluo-
rescence, both in solution and in the solid phase,
most showed no liquid crystalline behaviour. In con-
trast to liquid crystal symmetrical dimers, there is a
much wider choice in the design and synthesis of non-
symmetric compounds [33, 34]. To the best of our
knowledge, however, there have been no examples of
non-symmetric 1,3,4-oxadiazole-based liquid crystal
compounds reported in the literature.

The biphenyl group is another important struc-
tural component used to construct liquid crystalline
compounds. These include, for example, the alkoxy-
cyanobiphenyls, which have been studied extensively
and are used in twisted and super-twisted nematic dis-
play devices due to their high dielectric anisotropy
and birefraction, low melting point and low viscosity
coefficients [35–39]. In addition, liquid crystal dimers
based on biphenyl moieties have also been extensively
studied [1, 40].

In the present study we have attempted to combine
the advantages associated with 1,3,4-oxadiazole and
biphenyl liquid crystal structures, and we are able to
report a novel series of non-symmetric liquid crystal
compounds. These comprise two different semi-rigid
anisometric units connected via a decamethylenedioxy
spacer, in which one of the mesogenic moities is a
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1472 J. Han et al.

2,5-diphenyl-1,3,4-oxadiazole unit and the other a
biphenyl group. The liquid crystal properties of these
compounds have been investigated using polarising
optical microscopy (POM) and differential scanning
calorimetry (DSC). Their electronic UV–Vis absorp-
tion and photoluminescence behaviour has also been
investigated.

2. Results and discussion

2.1 Synthesis
The synthetic route employed is illustrated in Scheme 1,
including the reaction conditions for the target com-
pounds. Following typical procedures reported in the
literature [41] the intermediate 1,3,4-oxadiazole deriva-
tives, 5a–5c, were obtained in good yield (64–68%).
The final products were also produced in high yield
(90–92%), by the reaction of the corresponding
1,3,4-oxadiazole intermediate with a para-substituted
phenylboronic acid, using the standard Suzuki cross-
coupling reaction procedure [42]. The target com-
pounds were each characterised by proton nuclear

magnetic resonance (1H NMR), 13C NMR and
high-resolution mass spectroscopy (HRMS).

2.2 Liquid crystalline behaviour
The thermotropic liquid crystalline behaviour of the
non-symmetric 1,3,4-oxadiazole compounds, 6a–6f,
was studied using POM and DSC. The phase transi-
tion temperatures observed using thermal microscopy
were in reasonable agreement with the correspond-
ing DSC thermograms. The mesomorphism observed
is presented in Table 1. All the target compounds
demonstrated nematic behaviour, and in addition 6b
and 6c showed a smectic A mesophase. The nematic
phase exhibited a characteristic Schlieren texture with
two- and four-brush singularities and typical nematic
droplets, while the smectic A phase was identified by
the presence of focal–conic and polygonal textures.
Typical POM images are illustrated in Figure 1.

As is seen in Table 1, 6a exhibited an enantiotropic
nematic phase, whereas 6b showed an enantiotropic
nematic phase in addition to a monotropic smectic A
phase. In contrast, the other compounds, 6c–6f, all

BrCH2(CH2)8CH2O COOC2H5

COOC2H5

(1)

Br OCH2(CH2)8CH2O

Br OCH2(CH2)8CH2O CONHNH2

(2)
1

2

3

(3)

(4)

5a: R1 = CN; 5b: R1 = F; 5c: R1 = OCH3

6a: R1 = CN, R2 = F;   6b: R1 = CN, R2 = OCH3; 6c: R1 = F, R2 = F;
6d: R1 = F, R2=OCH3; 6e: R1 = OCH3, R2 = F;    6f: R1 = OCH3, R2 = OCH3

4a: R1 = CN; 4b: R1 = F;   4c: R1 = OCH3
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Scheme 1. Reagents and conditions: (1) K2CO3, acetone, reflux, 24 h; (2) methanol, hydrazine (80%), reflux; (3) para-
substituted benzoyl chloride derivative, pyridine, 70◦C, 1 h; (4) POCl3, 130◦C, 8 h; (5) 4-fluorophenylboronic acid or
4-methoxyphenylboronic acid, PdCl2(PPh3)2, K2CO3, dioxane/water = 3/1, reflux 3 h.
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Liquid Crystals 1473

Table 1. Transition temperatures and enthalpy changes for compounds 6a–6f
during the second heating and first cooling cycles.

Compound Phase transition[a] T (◦C) (�H kJ mol–1)

6a (R1 = CN, R2 = F) Cr 141.0 (34.7) N 152.2 (1.8) I
I 150.8 (–2.5) N 123.8 (–35.3) Cr

6b (R1 = CN, R2 = OCH3) Cr1 133.8 (10.0) Cr2 161.2 (43.2) N 176.1 (2.9) I
I 174.0 (–4.2) N 140.1 (–0.7) SmA 120.4 (–47.2) Cr3

6c (R1 = F, R2 = F) Cr 141.0 (55.8) I
6d (R1 = F, R2 = OCH3) I 131.8 (–4.6) N 112.3 [b] SmA 109.2 (–43.9) Cr

Cr 168.5 (64.8) I
6e (R1 = OCH3, R2 = F) I 158.5 (–3.7) N 144.5 (–40.8) Cr

Cr 141.5 (65.8) I
6f (R1 = OCH3, R2 = OCH3) I 137.4 (–3.7) N 83.2 (–48.7) Cr

Cr1 171.5 (86.4) I
I 164.7 (–4.3) N 114.0 (–57.7)[c] Cr2 112.8 Cr3

Notes: [a]Crn = crystal phase (nth); SmA = smectic A phase; N = nematic phase;
I = isotropic liquid;
[b]Not seen by DSC;
[c]Total enthalpy of the nematic to Cr2 and Cr2 to Cr3 transitions.

Figure 1. Polarising optical photomicrographs (200×) of: (1) the Schlieren nematic texture of 6a at 146.8◦C during cooling;
(2) the nematic droplets of 6b at 177.2◦C during cooling; and (3) the focal–conic texture of the smectic A mesophase of 6b at
135.0◦C during cooling (colour version online).

displayed only a monotropic nematic phase, except
that on cooling the nematic melt of 6c, a monotropic
smectic A phase with a very narrow temperature range
(ca. 3.1◦C) was also observed under POM. The only
structural difference between compounds 6a–6f lies
in their different terminal groups, and it therefore
follows that the difference in their liquid crystalline
behaviour must also be attributable to these termi-
nal groups. Compounds 6a and 6b, having a strongly
polar terminal cyano group, tend to form more sta-
ble mesophases. The reason for this is possibly that
compounds with a terminal cyano group may form

a more conjugated structure with the mesogenic core,
giving a larger dipole across the molecular axis, and
this is believed to play an important role in stabilising
the molecular orientation essential for the generation
of mesophases [43]. It is interesting to note that com-
pounds 6d and 6e are isomers, and the differences
in their melting points and mesomorphic tempera-
ture ranges therefore indicates that the position of
the terminal groups may also have an effect on liquid
crystalline behaviour. Compared to conventional sym-
metrical biphenyl liquid crystal dimers [1], a character-
istic of these non-symmetric compounds is the rather
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1474 J. Han et al.

low value of their entropy change associated with
the clearing transition, which may be related to the
structure of the 1,3,4-oxadiazole unit. However, the
precise reason is at present not yet clear. Similar results
have also been observed in chlolesteryl-based non-
symmetric compounds [34] and in other liquid crystal
dimers containing branched terminal chains [45]. The
increased biaxiality of the cholesteryl-based group or
the branched terminal chains has been thought to be
responsible for the low clearing entropies.

2.3 UV–Vis absorption and emission spectroscopy

The UV–Vis absorption and photoluminescence of
6a, 6b, 6d and 6e in dichloromethane are depicted
in Figure 2, and the photophysical data are sum-
marised in Table 2. Similar absorption patterns were
observed within these compounds. They all exhib-
ited a strong absorption band at 372–377 nm and
a relatively weak absorption band at 248–249 nm.
The absorption bands of lowest energy shown by the
cyano-substituted compounds, 6a and 6b, showed a
slight red shift (ca. 3–5 nm), as a result of their
longer conjugated structure compared with 6d and
6e. In solution in dichloromethane all the compounds
displayed an intense blue emission at 358–396 nm,
with quantum yields in the range 29–56%, on excita-
tion at room temperature at the absorption maximum.
As expected, the cyano-terminated compounds had
the longest emission wavelength, which may be due to
elongated conjugation of the cyano group in associa-
tion with the mesogenic core. It is interesting that due
to their isomeric structure, the UV–Vis absorption and
emission spectroscopy of 6d is quite similar to that of
6e. On the other hand, they have different quantum
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Figure 2. Normalised UV–Vis absorption and emission
spectra of 6a, 6b, 6d and 6e in CH2Cl2 at 298K (concentra-
tion 5 × 10–6 mol dm–3) (colour version online).

yields, which may be attributed to the different loca-
tion of the terminal groups on the mesogenic cores,
but the exact reason is not clear.

3. Conclusions

The synthesis, mesomorphism and photoluminescence
of a novel series of non-symmetric liquid crystal
compounds in which the 1,3,4-oxidiazole and biphenyl
units are linked by a flexible decylene spacer are
described. All the compounds studied exhibited liq-
uid crystalline behaviour, with either enantiotropic or
monotropic nematic and smectic A mesophases, and
displayed blue fluorescence with λmax in the range
358–396 nm and quantum yields of 0.29–0.56. The
mesomorphic and photoluminescence properties are
seen to be strongly influenced by the electronic nature
of the terminal groups.

4. Experimental

4.1 Equipment and materials
Solution 1H NMR spectra were recorded on a Bruker
AV400 spectrometer and the chemical shifts quoted
in parts per million (ppm) relative to tetramethyl-
silane as internal standard. Proton decoupled 13C
NMR spectra were recorded at 101 MHz on a simi-
lar spectrometer. HRMS results were obtained using
a Varian QFT–ESI mass spectrometer. Melting points
were determined with an X–4 melting point appa-
ratus (Beijing Taike Instrument Co. Ltd.), the ther-
mometer being uncorrected. The liquid crystalline
behaviour of all the compounds was studied by POM
(Olympus S BX51, equipped with a heating stage).
Thermal properties of the bulk materials were studied
using a Netsch DSC–204 calorimeter, at a heating
and cooling rate of 10oC min–1, precalibrated against
an indium standard (156.6oC, 3.3 kJ mol–1). UV–Vis
spectra were recorded on a Cary 300 spectrophotome-
ter, and steady-state emission spectra were recorded on
the Varian spectrophotometer. The emission quantum
yields were determined using the method of Demas
and Crosby, with quinine sulphate in degassed 0.1 N
sulphuric acid as reference standard (� = 0.546) [47].

Ethyl 4-(10-bromodecyloxy)benzoate (1) was pre-
pared by the method of Xu et al. [48]. Dichloro-
methane, used for photophysical studies, was washed
in turn with concentrated sulphuric acid, 10% sodium
bicarbonate and water, dried over calcium chloride,
and finally distilled from calcium hydride. All other
chemicals and solvents were available commercially
and were used as received.
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Table 2. UV–Vis absorption and emission data for 6a, 6b, 6d and 6e in CH2Cl2
(concentration = 5 × 10–6 M).

Compound λabs (nm) (ε dm–3mol–1cm–1) λem (nm)[a] �[b]

6a (R1 = CN, R2 = F) 249 (2.62 ×105), 277 (3.29 ×105) 374 0.30
6b (R1 = CN, R2 = OCH3) 248 (1.97 ×105), 276 (2.88 ×105) 396 0.42
6d (R1 = F, R2 = OCH3) 249 (2.47 ×105), 273 (2.14 ×105) 359 0.29
6e (R1 = OCH3, R2 = F) 248 (2.13 ×105), 272 (2.30 ×105) 358 0.56

Notes: [a]Excited at absorption maxima;
[b]Determined using quinine sulphate (� = 0.546) in 0.1 N H2SO4 as standard.

4.2 Synthesis of 4-[10-(4-bromphenoxy)-decyloxy]-
benzoic acid ethyl ester (2)
A mixture of 16.2 g (0.042 mol) of compound 1, 27.6 g
(0.200 mol) of potassium carbonate (previously dried
under vacuum at 80◦C for 12 h) and 8.7 g (0.050 mol)
of 4-bromophenol in 100 ml of acetone was refluxed
for 24 h. After cooling to room temperature, the solid
material was removed by filtration and washed in turn
with 100 ml of acetone and 100 ml of chloroform.
After removal of the solvent from the combined fil-
trate, the crude product was dissolved in 100 ml of
chloroform. The solution was washed with aqueous
NaOH and brine and dried over anhydrous magne-
sium sulphate, the solvent being removed in a rotary
evaporator. The crude solid was washed with distilled
water and recrystallised from chloroform/methanol to
give the product, 2, as a white solid.

Yield 56.6%, m.p. 113–114◦C.
1H NMR (400 MHz, CDCl3, δ, ppm): 7.98 (d,
J = 7.8 Hz, 2H), 7.35 (d, J = 7.8 Hz, 2H), 6.90 (d,
J = 7.9 Hz, 2H), 6.77 (d, J = 7.9 Hz, 2H), 4.34 (q,
J = 7.1 Hz, 2H), 4.00 (t, J = 6.5 Hz, 2H), 3.91 (t,
J = 6.5 Hz, 2H), 1.78 (m, 4H), 1.46–1.33 (m, 15H).

4.3 Synthesis of 4-[10-(4-bromophenoxy)-decyloxy]-
benzoic acid hydrazide (3)
A mixture of 11.0 g (23 mmol) of 2 and an excess of
hydrazine hydrate in 150 ml of methanol was refluxed
for 48 h. The reaction mixture was cooled to room
temperature and the precipitate filtered off, washed
with water and recrystallised from ethanol, giving
compound 3 as a white solid.

Yield 92.5%, m.p. 116–117◦C.
1H NMR (400 MHz, CDCl3, δ, ppm): 7.69 (d,
J = 8.3 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 7.24 (s,
Br, 1H), 6.92 (d, J = 8.3 Hz, 2H), 6.77 (d, J = 8.5
Hz, 2H), 4.07 (s, Br, 2H), 3.99 (t, J = 6.5 Hz, 2H),
3.91 (t, J = 6.5 Hz, 2H), 1.77 (m, 4H), 1.53–1.26
(m, 12H).

4.4 General procedure for synthesis of Compounds 5
Into a round-bottomed flask (100 mL) were added
a para-substituted benzoic acid derivative (5 mmol)
and thionyl chloride (SOCl2; 10 mL), and the mixture
refluxed for 5 h to form the corresponding benzoyl
chloride derivative. Excess SOCl2 was removed by
vacuum distillation, and the hydrazide 3 (2.3 g, 5
mmol) in pyridine (15 mL) was added dropwise to
the benzoyl chloride derivative. The reaction mixture
was stirred at room temperature for 2 h and then
a further 1 h at 70◦C. The reaction mixture was
cooled to room temperature and poured into distilled
water (50 mL). The white precipitate was filtered
off, washed with water and dried to give the raw
hydrazides, 4a–4c, which were used directly in the
next step without further purification. The relevant
compound 4 was dissolved in phosphoryl chloride
(POCl3; 18 ml), and the mixture gently refluxed for 8 h
under nitrogen. The excess POCl3 was removed under
reduced pressure and the residue purified by silica gel
column chromatography using dichloromethane/ethyl
acetate (v/v = 20/1) as eluent.

4.4.1 2-(4-(10-(4-bromophenyloxy)decyloxy)
phenyl)-5-(4-cyanophenyl)-1,3,4-oxadiazole, 5a

White solid, yield 66%, m.p. 131–132◦C.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.25 (d,
J = 8.3 Hz, 2H), 8.07 (d, J = 8.8 Hz, 2H), 7.83 (d,
J = 8.3 Hz, 2H), 7.35 (d, J = 8.8 Hz, 2H), 7.03 (d,
J = 8.8 Hz, 2H), 6.77 (d, J = 8.8 Hz, 2H), 4.04 (t,
J = 6.5Hz, 2H), 3.91 (t, J = 6.5 Hz, 2H), 1.86–1.72
(m, 4H), 1.53–1.29 (m, 12H).

High-resolution mass spectra (HRMS) (Electro-
spray ionisation (ESI)). Calculated for
C31H32BrN3O3: 573.16. Found: 574.17 ([M + H]+).

4.4.2 2-(4-(10-(4-bromophenyloxy)decyloxy)
phenyl)-5-(4-fluorophenyl)-1,3,4-oxadiazole, 5b

White solid, yield 68%, m.p. 105–106◦C.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.13 (d,
J = 8.8 Hz, 2H), 8.05 (d, J = 8.8 Hz, 2H), 7.35 (d,
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J = 8.9 Hz, 2H), 7.22 (t, J = 8.6 Hz, 2H), 7.02 (d,
J = 8.8 Hz, 2H), 6.77 (d, J = 8.9 Hz, 2H), 4.04 (t,
J = 6.5 Hz, 2H), 3.91 (t, J = 6.5 Hz, 2H), 1.87–1.72
(m, 4H), 1.53–1.29 (m, 12H).

HRMS (ESI): Calculated for C30H32Br FN2O3:
566.1580. Found: 567.11657 ([M + H]+).

4.4.3 2-(4-(10-(4-bromophenyloxy)decyloxy)
phenyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole, 5c

White solid, yield 64%, m.p. 120–121◦C.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.06
(t, J = 7.6 Hz, 4H), 7.36 (d, J = 8.6 Hz, 2H), 7.02
(t, J = 7.6 Hz, 4H), 6.77 (d, J = 8.6 Hz, 2H), 4.03
(t, J = 6.4 Hz, 2H), 3.95–3.87 (m, 5H), 1.87–1.72
(m, 4H), 1.53–1.29 (m, 12H).

HRMS (ESI): Calculated for C31H35Br N2O4:
578.1780. Found: 579.1858 ([M + H]+).

4.5 General procedure for synthesis of Compounds 6
Into a round-bottomed flask (100 mL) were added the
relevant Compound 5 (0.25 mmol), benzeneboronic
acid (0.30 mmol), potassium carbonate (1.25 mmol)
and dichloro-bis-(triphenylphosphine) palladium(II)
(PdCl2(PPh3)2; 5 mg) as catalyst, in solution in a mix-
ture of dioxane (30 mL) and water (10 mL). The
mixture was refluxed for 1 h under nitrogen. The reac-
tion mixture was evaporated in vacuo, and the solid
residue extracted twice with chloroform (2 × 50 mL),
dried over anhydrous MgSO4, filtered and concen-
trated at reduced pressure. The crude product was
purified by silica gel column chromatography using
chloroform/ethyl acetate (v/v = 20/1) as eluent.

4.5.1 2-(4-cyanophenyl)-5-(4-(10-(4′-fluorobiphenyl-
4-yloxy)decyloxy)phenyl)-1,3,4-oxadiazole, 6a

White solid, yield 90%.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.17 (d,
J = 8.4 Hz, 2H), 8.00 (d, J = 8.6 Hz, 2H), 7.76
(d, J = 8.4 Hz, 2H), 7.42 (dd, J = 8.4, 5.4 Hz, 2H),
7.38 (d, J = 8.8 Hz, 2H), 7.03 (t, J = 8.6 Hz, 2H),
6.96 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H),
3.98 (t, J = 6.5 Hz, 2H), 3.92 (t, J = 6.5 Hz, 2H),
1.79–1.70 (m, 4H), 1.45–1.17 (m, 12H).

13C NMR (101 MHz, CDCl3, δ, ppm): 164.33,
162.21, 161.41 (J = 58 Hz), 159.77, 157.62, 135.91
(J = 11.6 Hz), 131.78, 127.85, 127.54, 127.46,
127.08 (J = 31.6 Hz), 114.56, 114.35, 114.06,
113.75, 67.28, 67.01, 28.44, 28.33, 28.30, 28.24,
28.06, 25.02, 24.94.

HRMS (ESI): Calculated for C37H36 FN3O3:
589.2741. Found: 590.4648 ([M + H]+).

4.5.2 2-(4-cyanophenyl)-5-(4-(10-(4′-methoxybiphenyl-
4-yloxy)decyloxy) phenyl)-1,3,4-oxadiazole, 6b

White solid, yield 91%.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.16 (d,
J = 8.3 Hz, 2H), 7.99 (d, J = 8.7 Hz, 2H), 7.75
(d, J = 8.3 Hz, 2H), 7.39 (d, J = 8.4 Hz, 4H), 6.96
(d, J = 8.7 Hz, 2H), 6.87 (d, J = 8.4 Hz, 4H), 3.97
(t, J = 6.5 Hz, 2H), 3.91 (t, J = 6.5 Hz, 2H), 3.76
(s, 3H), 1.80–1.67 (m, 4H), 1.28–1.18 (m, 12H).

13C NMR (101 MHz, CDCl3, δ, ppm): 164.39,
161.53, 161.37, 157.63, 157.22, 132.47, 132.23,
131.82, 127.88, 126.95, 126.65, 126.17, 116.96,
114.49, 114.10, 113.87, 113.71, 113.12, 67.31,
67.02, 54.31, 28.68, 28.44, 28.33, 28.29, 28.07,
25.03, 24.94.

HRMS (ESI): Calculated for C38H39N3O4:
601.2940. Found: 602.3017 ([M + H]+).

4.5.3 2-(4-(10-(4′-fluorobiphenyl-4-yloxy)decyloxy)
phenyl)-5-(4-fluorophenyl)-1,3,4-oxadiazole, 6c

White solid, yield 91%.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.12 (dd,
J = 8.8, 5.4 Hz, 2H), 8.04 (d, J = 8.8 Hz, 2H),
7.21 (t, J = 8.6 Hz, 2H), 7.09 (t, J = 8.6 Hz, 2H),
7.02 (d, J = 8.8 Hz, 2H), 6.95 (d, J = 8.7 Hz, 2H),
7.48 (dd, J = 8.7, 5.4 Hz, 2H), 7.45 (d, J = 8.7 Hz,
2H), 4.03 (t, J = 6.5 Hz, 2H), 3.99 (t, J = 6.5 Hz,
2H), 1.81–1.66 (m, 4H), 1.46 –1.36 (m, 12H).

13C NMR (101 MHz, CDCl3, δ, ppm): 165.94,
164.65, 163.37 (J = 44.4 Hz), 162.03, 160.85,
158.68, 137.00 (J = 12.4 Hz), 132.61, 129.08
(J = 34.8 Hz), 128.68, 128.18 (J = 31.2
Hz), 127.99, 120.48 (J = 12.0 Hz), 116.50,
116.27, 116.04, 115.63, 115.42, 115.01, 114.81,
68.28, 68.08, 29.49, 29.38, 29.36, 29.30, 29.13,
26.07, 26.00.

HRMS (ESI): Calculated for C36H36F2 N2O3:
582.2694. Found: 583.2764 ([M + H]+).

4.5.4 2-(4-fluorophenyl)-5-(4-(10-(4′-methoxybiphenyl-
4-yloxy)decyloxy) phenyl)-1,3,4-oxadiazole, 6d

White solid, yield 90%.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.13 (dd,
J = 8.4, 5.4 Hz, 2H), 8.05 (d, J = 8.8 Hz, 2H), 7.48
(d, J = 8.0Hz, 2H), 7.46 (d, J = 8.0Hz, 2H), 7.22
(t, J = 8.6 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 6.95
(d, J = 8.8Hz, 2H), 6.94 (d, J = 8.8Hz, 2H), 4.04
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(t, J = 6.5 Hz, 2H), 3.99 (t, J = 6.5 Hz, 2H), 3.84
(s, 3H), 1.88–1.74 (m, 4H), 1.48–1.36 (m, 12H).

13C NMR (101 MHz, CDCl3, δ, ppm): 165.94,
164.66, 163.30, 162.04, 158.68, 158.27, 136.53
(J = 12.4 Hz), 135.55, 133.29, 129.08 (J = 34.8
Hz), 128.68, 127.69, 116.48, 116.26, 116.07,
115.02, 114.76, 114.16, 68.30, 68.08, 55.34, 29.47,
29.36, 29.33, 29.31, 29.16, 26.06, 25.99.

HRMS (ESI): Calculated for C37H39 FN2O4:
594.2894. Found: 595.2970 ([M + H]+).

4.5.5 2-(4-(10-(4′-fluorobiphenyl-4-yloxy)decyloxy)
phenyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole, 6e

White solid, yield 92%.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.05 (d,
J = 8.0 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 7.49 (dd,
J = 8.6, 5.6 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.09
(t, J = 8.6 Hz, 2H), 7.02 (d, J = 8.6 Hz, 2H), 7.01
(d, J = 8.8 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 4.03
(t, J = 6.6 Hz, 2H), 3.99 (t, J = 6.6 Hz, 2H), 3.88
(s, 3H), 1.86–1.76 (m, 4H), 1.53–1.31 (m, 12H).

13C NMR (101 MHz, CDCl3, δ, ppm): 164.09
(J = 41.2 Hz), 163.27, 162.17, 161.80, 160.83,
158.67, 137.00 (J = 12.4 Hz), 132.58, 128.55,
128.16 (J = 31.2 Hz), 127.97, 116.66, 116.36,
115.60, 115.39, 114.93, 114.80, 114.45, 68.23,
68.07, 55.46, 29.48, 29.37, 29.34, 29.28, 29.13,
26.05, 25.99.

HRMS (ESI): Calculated for C37H39 FN2O4:
594.2894. Found: 595.2977 ([M + H]+).

4.5.6 2-(4-(10-(4′-methoxybiphenyl-4-yloxy)decyloxy)
phenyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole, 6f

White solid, yield 91%.
1H NMR (400 MHz, CDCl3, δ, ppm): 8.05 (d,
J = 7.4 Hz, 4H), 7.47 (d, J = 7.4, 4H), 7.02 (d,
J = 7.1 Hz, 4H), 6.95 (d, J = 7.1 Hz, 4H), 4.03
(t, J = 6.6 Hz, 2H), 3.99 (t, J = 6.6 Hz, 2H), 3.89
(s, 3H), 3.84 (s, 3H), 1.86–1.76 (m, 4H), 1.53–1.31
(m, 12H).

13C NMR (101 MHz, CDCl3, δ, ppm): 164.18,
164.06, 162.17, 161.82, 158.64, 158.25, 133.54,
133.26, 128.58, 127.69, 116.68, 116.36, 114.97,
114.94, 114.76, 114.74, 114.46, 114.14, 68.25,
68.06, 55.47, 55.35, 29.48, 29.37, 29.34, 29.30,
29.14, 26.06, 25.99.

HRMS (ESI): Calculated for C38H42N2O5:
606.3094. Found: 607.3173 ([M + H]+).
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