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In this study five new compounds, derivatives & 4-oxadiazole, were synthesized in orde
achieve mesomorphic behavior and luminescenceet@ift types of aliphatic chains were t
in order to investigate the influence of alkoxid®ups in mesomorphic behaviokll of the
compounds showed high thermal stability and stiolng photoluminescence in solution an
solid films. Furthermore, compound®a-d presented hexagonal columnar mesorhism
which was characterized by polarizing optical mécapy and X-ray diffraction, and stromg
stacking was observed. Notably, for two compoufidx-d) the liquid crystal properties we
preserved on cooling from theoisopic state to room temperature. These charatitearimak
these materials good candidates for applicatiarganic electronics.

2009 Elsevier Ltd. All rights reserved

Introduction
Since the first report of discotic liquid crystalBLCs) by

Chandrasekhar et al. in 1977The synthesis and study of these

materials have been increasing exponentially, duthéir great
potential for application in organic deviée®LCs are suitable
for technological applications owing to the facattithese disc-
shape compounds can self-assembly into moleculackst
forming columns throughn-n stacking interactiofls The

formation of these molecular columns leads to &gtng
properties, such as the formation of a semiconduetih

unidimensional electrical properties, similar toamowire, where
the aromatic rigid center acts as conducting cockthe aliphatic
chains function as an insulator around the semiacctod,

increasing the efficiency of the charge-carrier ifiytS. This

makes DLCs promising candidates for applicationonganic
electronic devices, such as organic light-emittinipdes
(OLEDsY*®® organic photovoltaic cells (OPVs)nd organic field-
effect transistors (OFETS)

Liquid crystals offer many possibilities for
functionalization through hydrogen bonds leading gelf-
organized systerfis arrangements with strong-conjugation,
which may promote luminescence, and the introdoctad
heterocyclic groups, which have a strong influerme their
physical properties and mesomorphic behavibiquid crystals
incorporating the 1,3,4-oxadiazole heterocycle hageeived
significant attention since the first reports oéithmesomorphic

propertie¥’. They have become good candidates for applicatior? .
in organic electroni¢ddue to high fluorescence quantum yields,

charge carrier mobility and good chemical and ttastability",
Thus, in recent years, various liquid crystals Hase different

their

molecular shapes, such as rodfkelimerd?, polymers®, 1,3,4-
oxadiazole-based polycateffarand star-shap&{ and also bent-
core LCs, have been reportédxadiazole molecules are among
the most widely investigated as electroluminesoeaterials and
as electron-transport materials in OLEDswhere a series of
compounds containing the 1,3,4-oxadiazole ring,hsas the
compound 2,5-bis(4-naphthyl)-1,3,4-oxadiazole, some one
of the top organic electron conductSrs

In this paper, we report the synthesis of new camgs,
based on a 1,3,5-trisubstituted benzene core witketfold
symmetry using three 1,3,4-oxadiazolearms, witlotal tof six
peripheral aliphatic chains attached to the theeminal benzene
rings. Their mesophase behavior was studied byeréifitial
scanning calorimetry, polarizing optical microscopyd X-ray
diffraction, which revealed mainly enantiotropic xagonal
columnar phases. However, the compounds contaisimdree
hydroxyl groups at the end of the alkyl chain diot mexhibit
liquid crystalline properties. All compounds possesonounced
blue emission in solution and as thin films. Foe fiiims, the
emission was also investigated as a function ofténgperature,
where a strong dependence with the mesophase wasvel.

Experimental Section

Measurements and Characterizatishand**C NMR spectra
were obtained with a Varian Mercury Plus 400 MHgtinment
using tetramethylsilane (TMS) as the internal staddInfrared
pectra were recorded on a Perkin-Elmer model p88tsometer
using KBr disks or films. Mass spectra were recdram a
Bruker Autoflex 1l Smart bean with MALDI-TOF teciques,
using a-cyano-4-hydroxycinnamic acid as the matrix, anghhi
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resolution mass spectra were recorded on a Brul@OTfOF-
Q Il APCI-Qg-TOF mass spectrometer.

The textures of the mesophases were captured wigiging
optical microscopy (POM) using an Olympus BX50 rogmope
equipped with a Mettler Toledo FP-82 hot stage andM-30
exposure control unit. Thermal transitions and aipiles were
determined by differential scanning calorimetry @Susing the
DSC-Q 2000 calorimeter. Thermo gravimetric analyJ@i&A)
was carried out using a Shimadzu analyzer with T@A-50
module. Elemental analysis was carried out usir@ado Erba
(model E-1110) instrument.

The X-ray diffraction (XRD) experiments were cadrieut on
an X'Pert-PRO (PANalytical) diffractometer usingettinear
monochromatic Cu K beam 4 = 1.5405 A), with an applied
power of 1.2 kVA. The samples were prepared usihogguures
described in the literatufewith the heating and cooling of an
amount of powder on glass plates. The scans weferped in
continuous mode from°20 30 (20 angle) with the samples in
the mesophase, obtained by cooling from the isa@trsiate.The
absorption spectra in solution were obtained withH® UV-
Vis model 8453 spectrometer. The fluorescence spdat
solution were recorded on a Hitachi-F-4500

cquso—@—/(
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_NaBH,
¢ 12“250@_\0 H

The relative fluorescence quantum yield®F() were
determined according to a published mefflodhe absorption
and fluorescence measurements for thin solid filmere
collected on an OceanOptics (USB4000) spectrophet&m

For the absorption, spin-coated films were pregphare quartz
glass plates with a concentration of 10 mg/ml, @@Brpm for
30s. To investigate the photoluminescence as aifumof the
temperature the same samples used for the XRD pleced on a
hot stage, illuminated with a UV lamp and the einisswas
captured with an optic fiber positioned close te film.

Cyclic voltammetry analysis was performed to deteenthe
highest occupied molecular orbital (HOMO) and tloevest
unoccupied molecular orbital (LUMO). A three-electe cell
was used, comprised of a glassy carbon electrodleeasorking
electrode, a platinum wire as the counter electradeAd/AgCl
electrode as the reference and the ferrocene/&ran (Fc/FE)
redox couple as an internal standard. Before eagdisurement,
the cell was deoxygenated by purging with nitrogen.
Electrochemical measurements, using cyclic voltatnymevere
performed on an Autolab PGSTAT128N potentiostav@abstat
(Eco Chemie, The Netherlands) connected to dataepsing
software (GPES, software version 4.9.007, Eco Cagmi
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The synthesis began with the preparation of two-nonamongst all derivatives synthesized in this worke Tenthalpy

commercial bromides. The first compound was obthistarting
from themethyl 4-(dodecyloxy)benzoate previously alkylated,
which was reduced using NaBhh dry methanol to give the
benzyl alcohol. This, in turn, was reacted with BBo obtain
the 1-(bromomethyl)-4-(dodecyloxy)benzeBeln addition, the
hydroxyl group of 11-bromoundecan-14blas protected via the
acetyl group by heating with acetic anhydride teeghe bromide
5 (Scheme 1L

The synthetic route adopted for the preparatiorihef final
compounds derived from 1,3,4-oxadiazole heterocyislishown
in Scheme 2 Initially, with compound6, alkylation reactions
were carried out using different bromidgs$, 1-bromoundecane,
3-(bromomethyl)heptane an@){8-bromo-2,6-dimethyloct-2-ene
and employing potassium carbonate and butanoner ueflext.

values from the columnar to isotropic phase of ¢henpounds
10a-d were betweemH = 1.5-7.6 kJ/mol and suggest a high
mesophase stability, based on the existence ofigstiaterdisc
core-coren interactions. Comparing the transition temperature
of compoundslOa 10b and 10c reveals that it is possible to
modulate the mesomorphic range of the same colurphase
simply by using different terminal alkyl chains rédght and
branched).

The moleculel0d, containing 4-dodecyloxybenzyl groups as
substituents, does not present crystallizationamiiicg cycle. On
microscope, this compound shows liquid-crystallbehavior at
room temperature, but does not present any chaistitdexture
itself. When cooled down from the isotropic liquid,shows
characteristic broken fan and mosaic textures dfcalic

After obtaining the nitriles’a-e these compounds were reacted columnar phases. The DSC thermogram displays tvtosstid

with sodium azide and ammonium chloride in DMF tnerate
the corresponding tetrazol8a-ethrough the Tiemann reactfdn
Following the synthetic route, the benzene-1,3¢atboxylic
acid was converted to its corresponding acid ctiéorivith
thionyl chloride and then immediately reacted wiik tetrazoles
8a-ein dry pyridine under reflux to afford the finabmpounds
10a-d The reaction applied to obtain the heterocycli8,4
oxadiales is followed by the intense liberationnitfogen gas,
which is characteristic of the Huisgen reactfonThe 10e
molecule, with the acetyl group, was not isolatesfter
preparation, this compound was directly deprotectethaining
six free hydroxyl groups at the end of the alkylaich The
hydrolysis reaction was carried out using sodiurdrbyide in
EtOH/H,O to obtain the respective compountOf. All
compounds synthesized were characterized-bgnd**C NMR
and IR spectroscopy. Also, the final
characterized by MALDI-MS (see supporting informaj.

Results and discussion

of all of the compoundslQa-d, ) were initially established by
POM and then accurately measured by DSC. The DS@tse
with their associated enthalpy changes are giverabie 1 The
thermal parameters are taken from the first heatingling
cycles of DSC scans. With the exceptionl6f, all compounds
exhibited mesomorphic behavior,

on cooling a dendritic growth from the isotropigquid and a
combination of mosaics with linear and fan shapiedffingent
defects, together with homeotropic regions, wereseoled

through POM, as seen ffigure 1. The Co} mesophases were

later confirmed via XRD experiments. Compoun@f #lid not
show liquid crystalline phases, it melted direciiyto the
isotropic liquid state at 109-110 °C, and on caglithe sample

exclusively hexagon !
columnar (CqJ), identified by the typical optical textures, waer

transitions followed by another one representing tifansition
from columnar phase to isotropic liquid on heatirdpon
cooling, it shows only the transition from isotropliquid to
columnar phase, remaining stable in this phasel untm
temperature.

The thermal stability of the final compound®a-d and 10f
was studied by TGA under nitrogen atmosphere. Camga0d
showed decomposition onset at 3&while for all of the other
compounds the corresponding temperature was ab00e’@
(see supporting information).

Figure 1. Optical photomicrographs of different gphases under crossed
polarizers: (a) focal conic fdr0aat 151 °C, (b) pseudo focal conic ftdb at
90 °C, (c) mosaic textural pattern fbdcat 25 °C and (d) rectilinear defects
for 10dat 172 °C.

compounds were

" — c K = af - .
4 B maadiy 2 C SRS R

Table 1 Phase transitions and enthalpies (kJ/mol) of
compoundd 0ad.

crystallizes. The lack of mesomorphism is probathile to the
free hydroxyl group at the end of the alkyl chairich hinders

XRD data

the mesomorphic behavior even for a stable coluniigaid
crystaf®.Using the same number of substituents but witfedfit
alkoxy chains a considerable variation was observedhe
thermal behavior of the respective liquid-crystedlimaterials.
Compoundl0b with branched chains, compared witba which
contains 12 carbon atoms in a straight chain, sbaive lowest
melting point at 81 °C and the lowest mesomorphitge of the
series A = 52.4°C). Furthermore, compound®a and 10b

Compound Phase transition prdfile W
10a Clrllsolefbl((Ss.gf()Z; 35.33(-;8.2 | Ho e
o TRESETSY e w
10c |C1%h4.191?6.19()1<':5cifl 0o
10d ss 78.0 (0.4) ss 132.0 (3.1) Col 235.7 (8.4) | 120 479

1231.8 (7.6) Cof

showed crystallization on cooling to 77.7 °C and.238C,
respectively. The compoundOc shows only one transition
(Col—I) at 116.1 °C during heating and one transitie€0l;) at
104.9 °C during cooling, which is the widest mesageh range

Transition temperatures (°C) and in parenthesestrdugsition enthalpies
(kJ/mol), determined by DSC during heating (fiise) and cooling (second
line) cycles. ss = soft solid; Cr = crystalline;|Ce columnar hexagonal; | =
isotropic liquid.’Intercolumnar distancé.The Co} phase did not crystallize
upon cooling down to —50 °C.
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X-ray diffraction studies. The molecular organization
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Cyclic voltammetry measurements were performedanpound

observed by POM was confirmed by XRD experiments fo 10c which presents an enantiotropic (cahesophase which is

compoundslOa-dand the diffraction peaks indexed by the Miller
indices. All of the compounds presented an intetiffeaction
peak at the low angle region (100) and some of thlsm showed
peaks at 110 and 200. It is well known that for, gdlases the
ratio between these peaks should bé&:V4*%, as demonstrated
here in. In addition, a diffuse peak relative te tiguid-like order
of the peripheral alkoxybenzyl groups was obserae@round
4.6 A and the peak at around 3.4 A indicates aopari
intracolumnar spacing between neighboring discss T of
particular interest for electronic applications doethe closer-
stakind®?*and contributes to the stability of the mesophése.
Figure 2, the XRD spectrum of compouridc at 30°C shows
that the hexagonal order is preserved until roomprature
without crystallization. The XRD spectra of the ath
mesomorphic compounds are presented in the supgorti
information, together with the lattice parameters.

The intercolumnar distances (a) presented able 1 were
obtained from XRD data according to reports in literature®,
The molecular diameters of compouri3a 10b, 10c and 10d
(475 A, 31.9 A 377 A and 55.8 A) were estimatgsing
ChemBio3D Ultra Software, version 11.0.1.The fdwttthese
values are between 11.6 A and 3.8 A (for compout@iisand
10b, respectively) larger than a suggest that alhefdcompounds
present interdigitation of the alkoxy chains or ndnear
conformations. This may explain the reason why coump 10e
does not present mesomorphic behavior. The OH gretighe
end of aliphatic chains probably form hydrogen omdth the
terminal OH groups, which prevents interdigitatmthe chains
and consequently the columnar phase.

preserved until room temperature during cooling. hisT
characteristic is important for practical applioas in
electronics, where annealing processes can be tesettain
macroscopic molecular ordering. Based on the dptiaad gap
obtained from the absorption spectrum,(E 3.80 eV) it was
possible to determine the HOMO = -5.21 eV and LUM@L.41
eV electronic orbitals (for more details see sufipgr
information).
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Figure 3. Optical absorption and fluorescence spectra obthfor the final
compoundd 0a-g in chloroform solution (18M).

Table 2 Optical data for compound®a-d, fin chloroform

160,0k solution (10° M).
1400k dyge=27.04 Compound Absorption® Emission” Stokes Shift o
’ 10a 327 413 86 0.57
120,0k A
U 10b 329 411 82 0.63
= dygofdoge ~ 2.0
2 100,0k ‘ L 10c 326 410 84 0.59
Q
E 10d 323 406 83 0.47
6,0k -
sk ] W 1384 ~46 A 10f 327 411 84 0.55
’ 200 : / T S —
\ , / ~344A 310° M in chloroform at 20 °C° Excitation wavelength atmax of
2,0k - j \ 'f 4 r/ absorption; Quantum yield relative to quinine sulfate.
' 5 10 ‘ 20 25 30

15
20 (deg.)

Figure 2. XRD pattern obtained for compou@cin the Co}
phase at 30 °C.

The photophysical properties of these compounds vaéso
studied in solid films. The maximum absorption wawgths of
compoundslOc-d are blue-shifted compared to those in solution,
as is commonly observed for thin solid filfhi&, but without
significant changes in the shape of the absorpmactra. On the

Optical Properties. The UV-Vis absorption and fluorescence other hand, for compounda,b the wavelength of maximum

spectra ofL0a-d, fin chloroform solution are presentedrigure

3 and the data are summarizedTiable 2 As expected, the
changing of the alkoxy chains did not affect thecabnic
properties of these materials, and the absorptiwh emission

absorption was preserved but with the appearaneestioulder
at lower wavelengths (see supporting informatidie emission
was captured as a function of the temperature udirgsame
samples employed in the XRD analysis. All final gmunds

spectra show similar profiles. The maximum absorpti displayed strong luminescence in the range of AM+in when
wavelength £ max) of the final compounds in solution varied excited with UV-light, most of them demonstratirgthochromic
from 323 to 329 nm. These compounds presentedoagstilue  shifts compare to the emission in solution. Thession spectra
emission under UV-light with maxima at around 4X0.mMhese  for compoundlLOb as a function of the temperature are shown in
materials exhibited good quantum yields of betw@&7-0.63 in  Figure 4a Several spectra were collected by heating thepkam
relation to quinine sulfat& The high molar absorption coefficient from the crystal to the isotropic phase. Changethéinshape of
(1 = 47.000L mat cm*) for these compounds is attributed to thethe profile are commonly observed and are well desd in the
n-n* transitions from the heterocyclic 1,3,4-oxadiazol [itteraturé®. The diminution in the maximum emission intensity
portiont” . The Stokes shift for these molecules is approxéiyat on increasing the temperature (dégure 3b) is expected for
84 nm in solution. semiconducting materials and is associated withriihy



activated non-radioactive decay proce$sé Compoundsl0a,
10c and 10d presented similar behavior (see supporting
information).
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Figure 4. a) Emission spectra of compouh@b recorded during heating
from crystal to the isotropic phase. (b) Maximurteirsity as a function of
the temperature.

Conclusions

A new series of compounds derived from the 1,3 dd@zole
heterocyclic was designed and synthesized. Fourpoands
presented liquid crystalline properties with hexaaocolumnar
mesomorphism and good thermal stability. The mesphio
properties are closely dependent on the aliphat@ins
connected to the rigid disc-like core (their chisaland the
presence of OH groups). For compount3c and 10d the
hexagonal columnar phase was preserved until reomperature
with no evidence of crystallization. All of themgsented intense
blue photoluminescence in solution and in solignél These
characteristics together with the strong overlagpirmolecular
orbitals make these materials good candidatespfplications in
organic electronic devices.
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Tables

Table 1 Phase transitions and enthalpies (kJ/mol) of
compoundd0ad.

XRD data
Compound Phase transition prdfile TCC) &R
Cr103.1 (54.4) cqll83.7 (3.9) |
10a 1181.0 (5.6) cal 7.7 (5.6) Cr 170 359
Cr81.1 (6.4) cal108.3 (1.9) |
10b 190.6 (1.3) cal 38.2 (0.7) Cr 90 28.1
coh 116.1 (1.5) |
10c 1104.9 (0.9) cof 30 812
104 $578.0 (0.4)55132.0 (31) Col235.7 B4) | |,0 .o

1231.8 (7.6) Cof

Transition temperatures (°C) and in parenthesestridmgsition enthalpies
(kJ/mol), determined by DSC during heating (fiise) and cooling (second
line) cycles. ss = soft solid; Cr = crystallinejice columnar hexagonal; | =
isotropic liquid.”Intercolumnar distancé The Co), phase did not crystallize
upon cooling down to -50 °C.

Table 2 Optical data for compound®a-ein chloroform solution (18 M).

Compound Absorption® Emission® Stokes Shift o
10a 327 413 86 0.57
10b 329 411 82 0.63
10c 326 410 84 0.59
10d 323 406 83 0.47
10e 327 411 84 0.55

210° M in chloroform at 20 °C? Excitation wavelength at max of
absorptiony Quantum yield relative to quinine sulfate.

Legends for Figures

Figure 1. Optical photomicrographs of different ggihases
under crossed polarizers: (a) focal conickbaat 151 °C, (b)
pseudo focal conic fodOb at 90 °C, (c) mosaic textural
pattern forlOc at 25 °C and (d) rectilinear defects fidd at
172 °C.

Figure 2. XRD pattern obtained for compou@@cin the Col
phase at 30 °C.

Figure 3. Optical absorption and fluorescence spectra
obtained for the final compoundila-d, f in chloroform
solution (10° M).

Figure 4. a) Emission spectra of compoud@®b recorded
during heating from crystal to the isotropic phagb)
Maximum intensity as a function of the temperature

Legends for Schemes

Scheme 1 Synthesis of bromide3 and protection of
compoundb.

Scheme 2Synthesis of target compounti3a-d, f
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Experimental

Methyl p-(dodecyloxy)benzoate (1)4.0 g ( 26 mmol) of methyl 4-hydroxybenzoate, 7.17
g (52 mmol) of KCO3;, 7.17 g (29 mmol) of 1-bromododecane and 150 mbui&none
were refluxed for 24h. The suspension was filteaad washed twice with hot butanone.
The solvent was removed by rotary evaporation dred Solid was recrystallized with
ethanol and water, resulting in 7.5 g of a whitédsorield 90%. Mp: 54.0-56.2C. IR
(KBr pellet) vima,cmi’; 2955, 2849, 1725, 16081 NMR (400 MHz, CDCY) & ppm: 7.98 (d,
J=28.9 Hz, 2H, Ar-H), 6.80 (d] = 8.9 Hz, 2H, Ar-H), 4.0 (1) = 6.4 Hz, 2H, O-Ch), 3.88

(s, 3H, -COO-CH),1.79 (m, 2H, -CH),1.43 (m, 2H, -CH), 1.26 (m, 16H, -Ch), 0.88 (t,J

= 6.8 Hz, 3H, -CH)."*C NMR (CDCEk), &, ppm: 166.9, 131.5, 122.3, 114.0, 68.2, 51.8,
31.9, 29.6, 29.6, 29.6, 29.4, 29.1, 22.7, 14.1.

p-(Dodecyloxy)benzylalcohol(2). Under argon atmosphere, 1.4 g (34 mmol) of LiAIH
was added in 100 mL of dry THF and the mixture wasled to -5C. Compound. (7.30

g (23 mmol)) was dissolved in 70 mL of dry THF, aadded slowly dropwise for 1h.

Then, the solution temperature was raised untihrdemperature and kept steering for
more 3h. 30 mL of ethanol was carefully added diepwn the reaction and the solvent

removed by rotary evaporation. The solid was digblin ethyl acetate and the white



suspension was filtrated. The solvent was remowedotary evaporation and 6.0 g of a
white solid was obtainded. Yield 90%. Mp: 65.2-6700 IR (KBr pellet)vpacm™: 3322,
2955, 2849, 1614, 1584 NMR (400 MHz, CDCJ), §, ppm: 7.28 (dJ = 8.6 Hz, 2H, Ar-
H), 6.80 (d,J = 8.6 Hz, 2H, Ar-H), 4.61 (s, 2H, -GHDH), 3.95 (t,J = 6.5 Hz, 2H, -O-
CH,), 1.78 (m, 2H, -Ch), 1.45 (m, 2H, -Ch), 1.26 (m, 16H, -Ch), 0.88 (t,J = 6.8 Hz,
3H, -CH;).23C NMR (CDCE), 5, ppm: 158.8, 132.8, 128.8, 114.5, 68.0, 65.1, 3297
29.6, 29.6, 29.4, 29.2, 26.0, 22.7, 14.1.

1-(Bromomethyl)-4-(dodecyloxy)benzene(3). A solution of 7.7 g (21 mmol) of
compound2 in 20 mL of 48% bromic acid and 20 mL of THF wagred at room
temperature for 3h. The resulting solution wasaetad with chloroform (3 x 40 mL). The
separated organic phase was washed with saturgtezbas NaHCg) dried with CaCGl
and the solvent was removed by rotary evaporatiogive 7.4 g of compound. Yield
96%. Mp: 40.0-43.0C. IR (KBr pellet)vmacmit: 2953, 2918, 2849, 16084 NMR (400
MHz, CDCB), 6, ppm: 7.31 (dJ = 8.4 Hz, 2H, Ar-H), 6.85 (d] = 8.4 Hz, 2H, Ar-H), 4.50
(s, 2H, Ar-CH-Br), 3.95 (t,J = 6.4 Hz, 2H, O-Ch), 1.77 (m, 2H, -Ch), 1.44 (m, 2H, -
CHy), 1.27 (m, 16H, -Ch), 0.88 (t,J = 6.8 Hz, 3H, -CH). 13C NMR (CDCB), 6, ppm:
159.2, 130.4, 129.6, 114.7, 68.1, 34.1, 31.9, 206, 29.6, 29.4, 29.3, 29.2, 26.0, 14.1.

11-Bromoundecyl acetate (5)A solution 0f3.0 g (12 mmol) of 11-bromoundecan-1-ol, 4
mL (42 mmol) of pyridine and 4 mL (42 mmol) of aceanhydride was refluxed for 3h.
The solution was then added in 150 mL of water/asdified to pH 2 with HCI aqueous
solution (15%). The organic phase was separatddtan aqueous phase extracted with
CH.CI; (3 x 40 mL), and dried with anhydrous $&,. The organic solvent was removed
by rotary evaporation and 3.4 g of a colorlessvai$ obtained. Yield 97%. IR (KBr pellet)
VmaCM L 2927, 2855, 1748H NMR (400 MHz, CDCJ), 5, ppm: 4.01 (t, J = 6.8 Hz, 2H, -
COO-CH), 3.36 (t,J = 6.8 Hz, 2H, Br-Ch), 2.00 (s, 2H, -COOCH), 1.81, 1.57, 1,38 (m,
6H, -CHb), 1.24 (m, 14H, -Ch). °C NMR (CDCE), 8, ppm: 187.4, 171.4, 64.8, 34.2, 33.0,
29.6, 29.6, 29.6, 29.4, 29.0, 28.8, 28.4, 26.1.

3,4-Bis(dodecyloxy)benzonitrile (7a) 3.0 g (22 mmol) of compouné, 15.3 g (111
mmol) of K;CO;, 12.1 g (49 mmol) of 1-bromododecane, 0.4 g (1 mmbTBAB and
150 mL of butanone were refluxed for 24h. The sosjmn was filtered and washed twice
with hot butanone. The solvent was removed by yotavaporation and the solid
recrystallized with ethanol and water, and a 9.@f @ white solid was obtained. Yield



89%. Mp: 75-81°C. IR (KBr pelletjvmacn’: 2955, 2917, 2850, 2873, 2850, 2221, 1567
NMR (400 MHz, CDCY), 5, ppm: 7.24 (dd,] = 8.2, 1.7 Hz, 1H, Ar-H), 7.02 (d, = 1.7
Hz, 1H, Ar-H), 6.87 (dJ = 8.2 Hz, 1H, Ar-H), 4.50 (] = 6.2, 2H, OCH)), 3.98 (t,J =
6.6 Hz, 2H, O-Chj), 1.83 (m, 4H, -Ch), 1.46 (m, 4H, -Cl), 1.27 (m, 32H, -Ch), 0.88 (t,

J = 6.8 Hz, 6H, -Ch). *°C NMR (CDC}), 5, ppm: 153.02,149.0, 126.2, 119.4, 115.9,
112.6, 103.4, 69.3, 69.0, 31.9, 29.6, 29.6, 2%%,29.3, 28.9, 22.6, 14.1.

3,4-Bis(2-ethylhexyloxy)benzonitrile (7b) The same procedure used to obtain compound
7a was applied. The compound was purified by coluntiromatography using
hexane/ethyl acetate (80:20) as the eluent, raguti 2.5 g of an oil. Yield 89%. IR (KBr
pellet) vmaCm'™; 2958, 2926, 2877, 2225, 1588.NMR (400 MHz, CDCJ), 8, ppm: 7.23
(dd,J = 8.4, 1.5 Hz, 1H, Ar-H), 7.06 (d,= 1.6 Hz, 1H, Ar-H), 6.87 (d] = 8.4 Hz, 1H,
Ar-H), 3.90 (m, 4H, O-Ch), 1.75 (m, 2H, -CH), 1.48 (m, 8H, -G 1.31 (m, 8H, -Ch),

0.93 (m, 12H, -Ch). **C NMR (CDCEk), 5, ppm: 153.4, 149.4, 126.1, 119.5, 115.6, 112.4,
103.3, 71.6, 71.3, 39.3, 30.5, 29.0, 23.9, 23.(),141.1.

3,4-Bis(©)-3,7-dimethyloct-6-enyloxy)benzonitrile (7c). The same procedure used to
obtain compound@awas applied. The compound was purified by coluimommatography
using hexanel/ethyl acetate (95:5) as the eluestjtieg in 2.4 g of an oil. Yield 96%. IR
(KBr pellet) VmaCM': 2964, 2926, 2877, 2224, 1598. (400 MHz, CHA, ppm: 7.24
(dd,J = 8.4, 1.8 Hz, 1H, Ar-H), 7.07 (d,= 1.8 Hz, 1H, Ar-H), 6.88 (d] = 8.4 Hz, 1H,
Ar-H), 5.09 (m, 2H, CH), 4.06-4.01 (m, 4H, O-@H2.00-1.88 (m, 8H, -C}J, 1.68-1.60
(m, 12H, -CH), 1.39-1.25 (m, 6H, -C), 0.97-95 (m, 6H, -CkJ. *C NMR (CDC}), 3,
ppm: 153.0, 149.0, 126.3, 124.6 119.5, 115.8, 11108.5, 67.6, 67.4, 37.1, 35.8, 29.6,
25.7,19.6, 17.7

3,4-Bis(4-(dodecyloxy)benzyloxy)benzonitrilg€7d). The same procedure used to obtain
compound7a was applied. The crude solid was purified aadrystallized in ethanol,
resulting in 6.2 g of a yellow solid. Yield 88%. Mp24-127°C. IR (KBr pellet)vmacm™
2954, 2920, 2850, 2219, 1615. (400 MHz, CHG, ppm: 7.31 (dJ = 8.4 Hz, 4H, Ar-H),
7.21 (dd,J = 8.6, 1.9 Hz, 2H, Ar-H), 7.13 (d,= 1.9 Hz, 2H, Ar-H), 6.94 (d] = 8.6 Hz,
2H, Ar-H), 6.89 (dJ = 8.4 Hz, 4H, Ar-H), 5.11 (s, 2H, Ar-G} ), 5.06 (s, 2H, Ar-Ch),
3.95 (m, 4H, O-Ch), 1.78 (m, 4H, -Ch), 1.48 (m, 4H, -Ch), 1.26 (m, 28H, -Ch), 0.88
(m, J = 6.8, 6H, -Ch. °C NMR (CDCE), 3, ppm: 159.2, 152.9, 148.8, 129.0, 128.9,
127.9, 127.7, 126.7, 119.2, 117.8, 114,6, 114.4.(1071.3, 152.9, 148.8, 129.0, 128.9,



127.9, 127.7, 126.7, 119.2, 117.46, 114.6, 1041(33,770.8, 68.0, 31.9, 29.7, 29.6, 29.4,
29.3, 29.2, 26.0, 22.7, 14.1.

11,11'-(4-Cyano-1,2-phenylene)bis(oxy)bis(undecarid- 1-diyl) diacetate (7e) The
same procedure used to obtain compoudadwas applied. The solid was purified by
column chromatography using @El,/ethanol (97:3) as the eluent, resulting in 1.8 @0
yellow solid. Yield 73%. Mp: 108-111C. IR (KBr pellet)vmacm’: 2916, 2870, 2850,
2220, 1742, 1597. (400 MHz, CDg13, ppm: 7.24 (ddJ = 8.3, 1.8 Hz, 1H, Ar-H), 7.06
(d,J = 1.8 Hz, 1H, Ar-H), 6.8 (d) = 8.3 Hz, 1H, Ar-H), 4.05 (s, 4H, COO-GH 3.98
(m, 4H, O-CH), 2.04 (s, 4H, -ChH), 1.83 (m, 4H, -Ch), 1.46 (m, 4H, -CH), 1.28 (m,
30H, -CH). *C NMR (CDCE), 6, ppm: 171.5, 153.2, 119.2, 126.5, 119.7, 116.2,9,1
103.7, 69.6, 69.3, 66.9, 29.7, 29.6, 29.5, 29.2,228.8, 26.1, 21.3.

General procedure for the synthesis of compounds (8a-€).8g (17 mmol) of compounda,
4.4 g (68 mmol) of Napland 3.6 g (68 mmol) in 70 mL DMF were refluxed &h. The
suspension was cooled to room temperature and gaare800 mL of ice/water and
acidified to pH 2 with HCI aqueous solution (15%}e solid was filtrated and washed
with water and recrystallized irso-propanol, resulting in 7.6 g of compoud.Yield
87%. Mp: 157°C. IR (KBr pellet)vmacmi’: 2921, 2850, 2800-2500, 1608 NMR (400
MHz, Pyridine-d (90 0C), o, ppm. 8.01 (s, 1H, Ar-H), 7.99 (s, 1H, Ar-H), 7.(€ 1H, Ar-
H), 4.39 (t, 2H, O-Ch), 3.99 (t, 2H, O-Ch), 1.82 (m, 2H, -CH2-), 1.50 (m, 2H, -CH2-),
1.27 (m, 36H), 0.80 (m, 6H, GHCH2).**C NMR (Pyridine-g (90 °C)), §, ppm: 157.9,
152.4,121.3,118.8, 114.5, 113.1, 69.7, 32.6,,30D, 23.4, 14.8.

5-(3,4-Bis(2-ethylhexyloxy)phenyl)-Bi-tetrazole (8b). The oil was purified by column
chromatography using hexane/ethyl acetate (95:3he@®luent, resulting in 1.8 g 8b.
Yield 92%. IR (KBr pelletymacm™: 2966, 2916, 2876, 1609, 1561 NMR (400 MHz,
CDCls), 8, ppm: 7.66 (dJ = 8.2 Hz, 1H, Ar-H), 7.64 (s, 1H, Ar-H), 6.90 @ = 8.2 Hz,
1H, Ar-H), 3.84 (s, 4H, O-C§), 1.75, 1.69 (m, 2H, -Ch), 1.43 (m, 4H, -CH),1.29, 1.25
(m, 12H, -CH), 0.93, 0.84 (mt, 12H, -C#t **C NMR (CDCE), 5, ppm: 153.3, 150.0,
120.5, 115.5, 112.6, 111.6, 105.0, 71.4, 39.4,,3®1, 23.8, 23.0, 14.0, 11.1.

5-(3,4-Bis(§)-3,7-dimethyloct-6-enyloxy)phenyl)-H-tetrazole (8c). This compound

was obtained as a white solid and no purificati@s wequired. Yield 88%. Mp: 86-88.



IR (KBr pellet) vimpcm™: 2966, 2916, 2993, 2639, 160%1 NMR (400MHz, CDC}), §,
ppm: 7.69 (dJ = 8.2 Hz, 1H, Ar-H),7.68 (s, 1H, Ar-H), 6.96 (@= 8.2 Hz, 1H, Ar-H),
5.07 (m, 2H, =CH), 4.06 (s, 4H, O-GHL.95, 1.85 (m, 4H, -C#,1.65, 1.57 (m, 12H, -
CHs), 1.36, 1.19 (m, 10H, -C# 0.95, 0.90 (m, 6H, -CH. **C NMR (CDCk), 8, ppm:
151.9, 149.6, 131.3, 131.2, 126.6, 120.7, 115.8,111111.9, 67.5, 37.2, 36.0, 29.7, 25.7,
255,195, 17.6.

5-(3,4-Bis(4-(dodecyloxy)benzyloxy)phenyl){2-tetrazole (8d). The compound was
recrystallized in ethanol and a light brown solidsaobtained. Yield 91%. Mp: 137-139
124-127°C. IR (KBr peIIet)vmaxcm'l: 3076, 2955, 2919, 1850, 2734-2481, 16 DNMR
(400 MHz, CDCH4), 5, ppm: 7.66 (s, 1H, Ar-H), 7.53 (d,= 8.4 Hz, 1H, Ar-H), 7.30 (d] =

8.6 Hz, 4H, Ar-H), 7.00 (dJ = 8.4 Hz, 1H, Ar-H), 6.83 (dd] = 8.6 Hz, 4H, Ar-H), 5.10
(s, 4H, Ar-CH), 3.92 (m, 4H, O-Ch), 1.76, 1.45 (m, 8H, -C§)|, 1.26 (m, 32H, -Ch),
0.87 (m, 6H, -CH). **C NMR (CDCE), 5, ppm: 159.2, 152.9, 148.8, 129.0, 124.7, 126.7,
119.2, 117.8, 114.6, 114.2, 104.0, 71.3, 70.8,,68L(M, 29.7 29.6, 29.4, 29.3, 29.2, 26.0,
22.3,14.1.

11,11'-(4-(H-tetrazol-5-yl)-1,2-phenylene)bis(oxy)diundecan-1iq8e). The compound
was purified by column chromatography using dichioethane as eluent and a light
brown solid was obtained. Yield 73%. Mp: 108-1°M IR (KBr peIIet)vmaxcm'l: 3452,
3073, 2921, 2849, 2745-2485, 1741,1687 NMR (400 MHz, CDCJ), 5, ppm: 7.67 (sl,
2H, Ar-H), 6.9 (d,J = 8.0 Hz, 1H, Ar-H), 4.05 (s, 8H, O-GH 2.07 (s, 6H, -COOCH),
1.81, 1.61, 1,43 (m, 12H, -GH 1.27 (m, 24H, -Ch). **C NMR (CDC}), 8, ppm: 171.8,
171.7, 151.7, 149.4, 126.2, 120.5, 115.9, 113.2,11169.0, 64.8, 33.0, 32.7, 24.4, 29.3,
29.1, 29.0, 28.8, 28.5, 28.4, 28.1, 25.8, 25.7,240.9.

General procedure for the synthesis of target compounds 10a-d.

1,3,5-Tris-(5-(3,4-dodecyloxyphenyl)-1,3,4-oxadial®2-yl)benzene  (10a) 1,3,5-

benzenetricarboxylic acid (0.26 g, 1.2 mmol) in Bafnthionyl chloride was heated under
reflux for 4 h. The excess of thionyl chloride wasnoved by vacuum distillation and 20
mL of pyridine and 5-(2,4-acetoxyphenyl)tetrazoR0(g, 4 mmol) was added. The
mixture was heated under reflux for more 24 h. Afteoling, the solution was poured into

ice/water (250 mL) and the precipitate was filtereffl and washed with water. The



purification was by column chromatography with dacbmethane/ethyl acetate (95:5) as
the eluent, resulting in 1.7 g of compouth Yield 87%. IR (KBr pelletymacm®: 3447,
2922, 2851, 1606, 1498H NMR (400 MHz, CDCJ), 8, ppm: 9.03 (s, 3H, Ar-H), 7.78
(dd,J = 2.2, 8.5 Hz, 3H, Ar-H), 7.71 (d,= 2.2 Hz, 3H, Ar-H), 7.02 (d) = 8.5 Hz, 3H,
Ar-H), 4.15 (t,J = 6.4 Hz, 6H, O-Ch), 4.11 (t,J = 6.4 Hz, 12H, O-Ch), 1.88 (m, 12H, -
CH,), 1.52 (m, 12H, -CH, 1.27 (m, 96H, -Ch), 0.89, 0.88 (tJ = 7.2, 7.0 Hz, 18H, -
CHs). *C NMR (CDC}), 8, ppm: 166.0, 162.8, 153.0, 149.7, 127.3, 126.6,2,2115.8,
113.1, 111.8, 69.8, 69.4, 32.2, 30.0, 29.7, 2954,26.3, 23.0, 14.4. Elemental analysis
(Carlo Erba model E-1110): Calcd. fogg@H162NsOy:C 75.79, H 10.10, N 5.20 . Found: C
75.17, H 10.02, N 5.16. Calcd: m/z 1616.240 (M +.Hyound: MALDI/MS: m/z
1616.525 [(M + Hj, 100%].

1,3,5-Tris(5-(3,4-bis(octan-3-yloxy)phenyl)-1,3,4x@adiazol-2-yl)benzene (10b). Yield
40%. IR (KBr pellet)vmacm™ 3439, 2958, 2875, 1602, 149% NMR (400 MHz,
CDCl), 6, ppm: 9.05 (s, 3H, Ar-H), 7.77 (dd,= 2.1, 8.4 Hz, 3H, Ar-H), 7.70 (d,= 2.1
Hz, 3H, Ar-H), 7.03 (dJ = 8.4 Hz, 3H, Ar-H), 4.02, 3.97 (d, 12H, O-@H1.83 (m, 6H, -
CHy), 1.54 (m, 12H, -Ch), 1.36 (m, 36H, -Ch), 0.99, 0.98, 0.93 (m, 36H, -GHC
NMR (CDCh), 5, ppm: 166.1, 162.8, 153.3, 150.3, 150.1, 127.%.6,2121.0, 115.6,
112.8, 111.4, 71,9, 71.7, 39.9, 39.7, 30.9, 29%4,229.2, 24.2, 23.4, 14.4, 11.6, 11.5.
Elemental analysis (Carlo Erba model E-1110): CélodCgH114N6Oy:C 73.20, H, 8.98,
N 6.57 . Found: C 73.66, H 9.27, N 6.77. Calcd: 279.865 (M + H). Found:
MALDI/MS: m/z 1280.083 [(M + H), 100%.

1,3,5-Tris(5-(3,4-bis(§)-3-methyloctyloxy)phenyl)-1,3,4-oxadiazol-2-yl)berene (10c).
Yield 39%. IR (KBr pellet)vmacmi’: 3447, 2963, 2871, 1607H NMR (400 MHz,
CDCl), 8, ppm: 9.03 (s, 3H, Ar-H), 7.78 (dd,= 2.0, 8.4 Hz, 3H, Ar-H), 7.71 (d,= 2.0
Hz, 3H, Ar-H), 7.03 (dJ = 8.4 Hz, 3H, Ar-H), 5.15(t, 6H, =CH), 4.17, (m,H2-OCH,),
2.05 (m, 12H, -CH), 1.70 (s, 18H, -CkJ, 1.62 (s, 18H, -Ck), 1.44 (m, 15H, -Ch), 1.26
(m, 15H, -CH), 1.02 (m, 18H, -Ch). **C NMR (CDCE), 8, ppm: 166.0, 162.8, 153.0,
149.7, 131.6, 131.5, 127.3, 126.6, 125.0, 124.9,22115.9, 113.0, 111.8, 68.1, 67.8,
37.6, 37.5, 36.4, 36.2, 30.0, 26.0, 25.8, 20.00 1&lemental analysis (Carlo Erba model
E-1110): Calcd. for &H12éNeOo:C 73.97, H, 9.31, N, 6.16. Found: C 73.90, H 9/83,
6.04. Calcd: m/z 1435.959 (M + H)Found: MALDI/MS: m/z 1436.207 [(M + H)
100%].



5,5'-(5-(5-(3-(3-(Dodecyloxy)benzyloxy)-4-(4-(dodgtoxy)benzyloxy)phenyl)-1,3,4-
oxadiazol-2-yl)-1,3-phenylene)bis(2-(3,4-bis(4-(dedyloxy)benzyloxy)phenyl)-1,3,4-
oxadiazole) (10d).Yield 53%. IR (KBr pelletivmacm™. *H NMR (400 MHz, CDC}), 3,
ppm: 8.89 (s, 3H, Ar-H), 7.75 (d,= 8.4 Hz, 3H, Ar-H), 7.42, 7.36 (d,= 8.2, 8.2 Hz,
12H, Ar-H), 7.07 (dJ = 8.4 Hz, 3H, Ar-H), 6.92, 6.90 (d,= 8.2, 8.2 Hz, 12H, Ar-H),
5.20, 5.10 (s, 12H, Ar-C§), 3.95 (m, 12H, O-Cb), 1.76 (m, 12H, -Ch), 1.40 (m, 12H, -
CH), 1.25 (s, 96H, -Cp), 0.87 (mt, 18H, -Ch) .*C NMR (CDC}), 5, ppm: 165.4, 162.4,
159.1, 152.5, 149.3, 129.2, 129.0, 128.4, 128.8,8,2126.5, 121.5, 116.1, 114.6, 113.1,
71.3, 70.1, 68.0, 31.9, 29.7, 29.6, 29.4, 26.17,224.1. Elemental analysis (Carlo Erba
model E-1110): Calcd. for GuH10NsO15: C 76.76, H 8.86, N 3.73. Found: C 76.38, H
8.98, N 3.82. Calcd: m/z 2253.5021 (M +'HFound: Q-TOF/MS m/z: 2253.5090 [(M +
H)*, 100%.

1,3,5-Tris-(5-(3,4-bis(undecyloxy-1-0l)-1,3,4-oxadzole-2-yl)benzene ~ (10f). 1,3,5-
benzenetricarboxylic acid (0.19 g, 0.9 mmol) in Bafnthionyl chloride was heated under
reflux for 4 h. The excess of thionyl chloride wasnoved by vacuum distillation and 20
mL of pyridine and compoun8e (1.7 g, 2.8 mmol) was added. The mixture was lieate
under reflux for more 24 After cooling the room temperature, the solutiorsyeaured in
ice/water (250 ml) and the precipitate was filteo#fdand washed with water, obtaining the
compoundlOf with acetyl group, it wasn't isolated. Then, immeddiy the compoundOf
was hydrolyzed using 0.34 g (0.9 mmol) of NaOH n BiL of THF, after heating under
reflux for 12h. The solution was cooled to roommperature, acidified to pH 4 with HCI
aqueous solution (15%) and poured in 200 mL ofwe&dr, and then the precipitate was
filtrated. The purification was by column chromaimghy with dichloromethane/ethyl
acetate (95:10) as the eluent, resulting 0.6 goofpoundl0f, with free hydroxyl group at
the end of the alkyl chain. Yield 45%; Mp: 109-1%1 IR (KBr pellet) vmacm’: 3397,
2921, 2850, 1605H NMR (400 MHz, CDG}), 5, ppm: 9.03 (s, 3H, Ar-H), 7.77 (dd,=
2.0, 8.6 Hz, 3H, Ar-H), 7.70 (d] = 2.0 Hz, 3H, Ar-H), 7.02 (d] = 8.6 Hz, 3H, Ar-H),
4.15, 4.11(t) = 4.3, 4.3 Hz, 12H, -OCHj\ 3.65 (m, 12H, HO-CH), 1.91 (m, 12H, -Ch),
1.59 (m, 12H, -Ch), 1.32 (s, 84H,-Ch."*C NMR (CDCE), 5, ppm: 166.2, 153.2, 149.9,
127.5, 124.9, 121.4, 116.0, 113.3 112.1, 111.7,789.6, 63.5, 33.3, 32.4, 30.7, 30.2,
30.1, 30.0, 29.9, 29.7, 29.5, 26.5, 26.2, 23.26.1Blemental analysis (Carlo Erba model
E-1110): Calcd. for 6H150N6O15 C 70.81, H 9.29, N 5.16. Found: C 70.17, H 9189,



5.02. MALDI/MS: Calcd: m/z 1650.106 (M + Na)Found: MALDI/MS: m/z 1650.525
[(M + Na)*, 100%).

1.0.NMR spectra of compounda-dand10f.
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Figure S1 'H NMR (a) and*C NMR (b) spectrum of compouri®a(CDCls).
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1.1. MS spectra
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1.2. DSC Thermograms
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Figure S7. DSC curves of the final compounti8a-d 10°C/min, first scans.



1.3. X-Ray diffraction (XRD)
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Figure S& X-ray diffraction patterns of 1,3,4-oxadiazol®z, 10b and 10d (a, b). Cal

mesophase: the reflections (100), (110), and (206)due to the longange intercolumn
ordering.



Table Sl. X-ray diffraction data for the mesophases ofdbmpounddOa-d

Compound Mesophase Temp. | Parameters dodA) | deadA) | (hKI)
a=359A| 31.1 31.1 100
10a Coly, 150°C 17.9 18.0 110
h=3,4A 16.1 15.6 200
a=28.0A| 243 24.3 100
10b Coly, 90°C
h=3,4A 12.4 12.2 200
a=31.2A 27 27 100
10c Col, 30°C
h=3,4A 13.8 13.5 200
a=479A| 415 41.5 100
10d Coly, 120°C
h=3,4A
10d Col, a=483A| 418 41.8 100
30°C
h=3,4A 21.5 20.9 200




1.4. TGA curves
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Figure S9 TGA curves of the final compound®a-dand10f.
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Figure S1Q Absorbance of compoundiOa-d and 10f in thin solid films at room
temperature.
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Figure S11.(a) Emission spectra of the compouridia, 10c and 10d in solid state. (b)
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Cyclic Voltammetry.The voltammogram was recorded at scan rate of 25siivom a
10c solution (10° mol.dn®) in dichloromethane in the presence of 0.1 M of
tetrabutylammonium hexafluorophosphate (TBARAS the supporting electrolyte.
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= 1,0x10° 4
b=
&
3
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-5,0x107 . . : , : , : ,
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Figure S12: Voltammogram of compountDc Scan rate 25 mV/'s

The onset potential oxidation was determined at Y.1TheEyomoVvalue was calculated
using the relationship:

Enomo=-4.8 — (1.17 — 0.76) ~ -5.21 eV aBgdowo (ferrocene) = -4.8 eV.
Table: Cyclic Voltammetry data for the compoum@c.

Eromo ¢ (€V ELumo” (€V Ey
Compound  E,d (vs. Fc/F¢E)

vs.vacuum) vs.vacuum) (eV)




10c 151 -5.21 -1.41 3.80

%, (vs. Fc/Fc+) = B (vs. Ad) — 0.76

® Eromo = (-4.8 — B

¢ Determined from absorption spectrum of the film
dEg= Erowmo - ELumo
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