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Phase crossover in columnar tris-(1,3,4-oxadiazolewith pendant quinoxalines

Kuan-Ting Lin and Chung K. Lai
Department of Chemistry, National Central Universit
Chung-Li, Taiwan, ROC

Abstract. Four new series of bi¢l,3,4-oxadiazolesla—c and tris-(1,3,4-oxadiazoles}id
containing peripheral quinoxalines were preparatltarir mesomorphic behavior was reported.
Except for compoundc (n = 12), all other compounds—d formed columnar phases which were
confirmed by powder Xray diffractometer (XRD). Compoundsl have the highest clearing
temperatures and the widest temperature rangduwhoar phases than those of other compounds
la—b. Compoundd4d exhibited a phase crossover between the rectangutbhexagonal
columnar phases. A value ofd\= 2.85 and 2.16 A within a column slice of 9.0hck was
obtained for compountla (n = 12) andld (n = 12), indicating that two molecule was corteta
within columns in columnar phases. All compouddsd (n = 12) showed good stabilities at
temperature belowyf. = 412.5-420.8°C on thermogravimetric analysis. The PL spectrallof
compoundda-d (n = 12) showed one intense peak@al = 517520 nm, and these

photoluminescent emissions originated from perighguinoxaline moiety.

*Corresponding author. Tel.: +886 03 4259207; fe886 03 4277972
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1.0 Introduction

1,3,4-Oxadiazole, as an importantfiembered ring heterocycle has been investigatétein
field of materials chemistry due to their excelldrgrmal and chemical stabilities. Their potential
applications have been fully reviewe#,5-Diary-1,3,4-oxadiazoleSderivatives were well long
known to show high photoluminescence quantum yiditiny studies have demonstrated their
widespread uses as electron transporting/ hole&kimlganaterials, emitting layers in electro
luminescent diodes, or for nelinear optical processes. 1,3(@xadiazole is a nonlinear structure,
stemming from its larger exocyclic bond arfglEl35%). Incorporating heteroatoms, such as
nitrogen, oxygen, sulfur atoms might impact somenaical or physical properties, which were
often not observed in their homologues-e@firbon rings. Furthermore, these heteroatoms are mo
electronegative than carbons, and they all havecdBted lone electrons. These inherently
molecular futures, such as electron unsaturatiectren-deficiency, nonplanar core, lower
symmetries, higher polarizabilities or others oftavorable for their induction or formation of the
mesophases, have made them an excellent core diesign of mesogenic materials. The first
mesogenic oxadiazofeshowing SmA and N phases were studied until 1898w examples
columnar 1,3,4oxadiazole3and their metallomesogénsere previously reported by this group.
In contrast, compounds containing-bis tris-(1,3,4-oxadiazoles) (i.e. poly-1,3,4-oxadiazoles)
were less prepared and studied. Known example sbgemic bis(1,3,4-oxadiazoles)la—b or
tris—(1,3,4-oxadiazoled)lll were very limited. Isomeric examples of mesogenic
bis-(1,2,4-oxadiazole3vere also explored.

Quinoxalines were also known as highly photolumeme@nd/or efficient electroluminescent
materials. Quinoxaline were highty-conjugated fused backbones, and were useful in many
application$’ such as dyes, organic light-emitting diodes, etéeminescence, organic thin film
transistors (TFT), and organic photovoltaics. Tiveye considered as hatfisc, elliptical or
round molecules, which could easily or spontangosel~assemble into columns wherTt
interaction or dipoledipole interactions are accessible in the soliliqoid crystalline states.

These molecules capable of forming columnar stackimangements might have a dramatic
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impact propensity. Examples of using bulky quinmes to improve mesomorphic behavior in
1,3,4-oxadiazoldla-b* as core structure has been reported in our prestudies.

In this work, we report the preparation and mesqiiarstudies of two new series of
symmetrical bis(1,3,4-oxadiazolesila—c and another series of ttidl,3,4-oxadiazoles)ld in
which a peripheral quinoxaline was incorporatetigtier induce their columnar phases.
Interestingly, except for compountls (n = 12) all other compounds—b and1d formed
columnar phases. Compouhd formed hexagonal columnar phase and compolin@xhibited
lamellar columnar phases. In contrast, all compsadn = 8, 10, 12, 14) formed rectangular
columnar at lower temperature and hexagonal colupimase over a wide range of temperature.

Their optical behavior was also studied.
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2.0 Results and Discussion
2.1 Synthesis and characterization

The synthetic routes utilized to prepare bis-(:@ddiazolesla—-c and
tris-(1,3,4-oxadiazoles)d are listed in Scheme 1 and Scheme 2. The metBybia(3,4-bis
(alkoxy)phenyl)quinoxaline-6carboxylated, isolated as yellow solids were similarly prepagd
our previous procedures. Further reaction of meshgdrboxylates with hydrazine monohydrate
in refluxing in THF/methanol gave yellowish 2f#s(3,4-bis(alkoxy)phenyl)quinoxalines—
carbohydrazide8. A singlet peak appeared at €4.23 ppm orftH-NMR spectrum, assigned for
—NH, confirmed its formation. Furthermore, the precus@a—c, quinoxaline-6—carbonyl)
oxalohydrazides were obtained by reaction of quatiag—6—carbohydrazides and oxalyl chloride
in the presence of triethylamine at ice bath irristy THF. The 6-carbohydrazid&sisolated as
yellow—green solids were directly used for next reacticthaut any further purification. The final
compoundda, 5,5-bis(2,3-bis(3,4-bis(alkoxy)phenyl) quinoxalire—yl)-2,2-bi
(1,3,4-oxadiazoles) were prepared by neat reactions QNN1bis (2,3-bis(3,4-bis(alkoxy)
phenyl)quinoxaline6—carbonyl)oxalohydrazides in refluxing phosphoryloectde. The products
isolated as bright yellow to orange solids wereawtsd after silica gel chromatography eluting
with hexane/ethyl acetate and recrystallizatiomffoHF/methanol. All other compoundb—c
were obtained by above procedures. Four derivalidés = 8, 10, 12, 14) of
tris—(1,3,4-oxadiazoles) were similarly prepared accordingdbene 2. All final compounds

la—d were characterized By NMR, **C NMR, mass, and elemental analysis.
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Scheme 1. Reagents and conditions: (a) AICI3, oxalyl chloride, stirring in CS; at 0°C for 6 h, 40-42%; (b) Methyl 3,4-diaminobenzoate, acetic acid,
refluxing in THF for 24 h, 90-93%; (¢) Hydrazine monohydrate, refluxing in THF and methanol for 12 h, 85-90%; (d) 1a, oxalyl dichloride,
triethylamine, stirring in dry THF at rt. for 24 h; 1b, isophthaloyl dichloride, triethylamine, stirring in dry THF at rt. for 24 h; 1c, terephthaloyl
dichloride, triethylamine, stirring in dry THF at rt. for 24 h; (e) refluxing in POCI; for 24 h, 25-43%.



Scheme 2. Reagents and conditions: (a) benzene-1,3,5-tricarbonyl trichloride, triethylamine, stirring in dry THF at
rt. for 24 h; (b) Refluxing in POCI; for 24 h, 35-40%.

2.2 Phase transitions, mesomorphic properties, artiermal stability of compounds 1a-d

The liquid crystalline behavior of compountis-d was characterized and studied by
differential scanning calorimetry and polarizedicgitmicroscope. The phase transitions and
thermodynamic data are summarized in Table 1. Exaappounddc, all three series of
compoundda-b and1d exhibited columnar mesomorphic behavior under Rébskervation (Fig.
1). Compound.c (n = 12) was not mesogenic, and only transitioargétat-to—isotropic at 158.7
°C with a large enthalpy &H = 47.4 kJ/mol was observed on heating procesth 8ampound
1b (n =12) andlc (n = 12) were in fact molecular isomers. The latknesomorphism on
compoundLc (n = 12) might probably attributed to its overalblecular shape or/and molecular

symmetry. Furthermore, its higher clearing tempeeaat 157.8C than that (§ = 117.3°C) of
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compoundlb (n = 12) indicated that the intermolecular intéiacin compound.c (n = 12) was
indeed stronger than that in compourd(n = 12). Interestingly, compourdd (n = 12) formed a
lamella columnar phase (Cpl DSC data showed that it clearing temperaturig at 117.3°C

was observed on heating process, and its tempenafis relatively shorfyTco = 15.1°C on
cooling process. The shorter range of columnarehaticated that the lamella columnar in such
system is kinetically not very stable. Under odtioécroscope they exhibited typical foeabnic
textures (Fig. 1), similar to hexagonal columnatuees, when cooled from its isotropic state.
These optical textures also showed slightly smathaf homeotropic domains which were

commonly observed in columnar phases.

Fig. 1 Optical textures of columnar phases observed bypoondsla(n = 12) at 122C (top
left), 1b (n = 12) at 105C (top right),1d (n = 8) at 166C (bottom left) and.d (n = 12) at 155C
(bottom right).

In order to improve the induction of columnar phleasesuch discotic system derived from
poly(1,3,4-oxadiazoles), four 1,3;-4xadiazoledd (n = 8, 10, 12, 14) with three pendant

guinoxalines were prepared and their mesomorpluipgsties were investigated. As expected, all
8



tris—(1,3,4-oxadiazoles), as more rounded molecules formeeietproved mesomorphic
behavior. All compound&d (n = 8, 10, 12, 14) exhibited a phasessover dependence on
temperature; they formed rectangular columnar ghasewer temperature and hexagonal
columnar phases at higher temperature. The phassaser behavior between the gand

Colnex phases was enantiotropic. DSC data appeared glahgitemperatures increased with
carbon chain length;§, = 102.0 (n = 8) < 104.0 (n = 10) < 110.0 (n = 42)15.0°C (n = 14) on
heating process. In contrast, the clearing temperatecreased with carbon lengthg;=T175.0 (n
=10) > 166.2 (n =8) > 160.3 (n = 12) > 148CL(n = 14) on heating process. Both enthalpies for
the transition of C@lc—to—Colex phase and Cgli—to-I phase were relatively small; 0.60 (n =
8)-1.97 kd/mol (n = 10) and 2.07 (n =8)25 kJ/mol (n = 14) on cooling process, respeltive
This enthalpy dependence reflected macroscopitdatly molecular entropies when molecules
changed from Cql.—to—Colex—to-I state. Under POM, a focatonic or more leaf-like texture
(Fig. 1) with linear birefringent defects was clgabserved when cooling from their isotropic
liquids. These observed textures, accompaniedlérgar area of homeotropic domain were
characteristic for hexagonal columnar phases. Tier€ 2 is the bar graphs showing the phase

behavior of compoundsa—d



Table 1 The phase transitions and enthalpies? of compounds 1a-1d.

la;n =8

n=12

1b;n=12

1c;n =12

1d; n =8

n=10

n=12

n=14

Cr

Cr

Cr

. 134.3 (41.4)

' T1188(@27.9) Col, 120.9 (9.56)

113.6 (30.4) 125.8 (8.17)
Cr Colh |

1045 (27.7) 122.9 (8.36)

93.3° 117.3 (1.66)
Cr Col |

90.8° 105.9 (0.92)

157.8 (47.4)
Cr —_— |

142.6 (38.4)

102.0° 127.1 (L.78 175.0 (2.10
Col, (1.78) ), 1),

90.0° 124.9 (1.97) 167.6 (2.07)

o 132.8 (0.51 166.2 (2.94
104.0 Col, ( lCoIh ( ) |

95.00 130.7 (0.60) 160.2 (2.64)

110.0° 133.8 (0.47 160.3 (3.93
Col, ©.47) Coln 3%,

102.0° 131.7 (0.63) 155.9 (3.43)
115.0° | 1291(070) . 1481(528)

103.0° " T1272(070) " 1436 (5.25)

& n =the carbon number of alkoxy chains. Cr = crystal; Col_ = columnar lamellar
phase; Col, = columnar rectangular phase; Coly, = columnar hexaganol phase; | =

isotropic phases.

b observed by POM.
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Fig. 2Bar graphs showing the phase behavior of compoliaeis$. All temperatures were taken

on the cooling process.

The thermal stability of compounds—d (all n = 12) was also performed by thermo-

gravimetric analysis (TGA) under nitrogen atmosphshown in Fig. 3. All four compounds

showed good thermal stability at temperature bedawly..= 410°C, with a relative thermal

stability of 1b > 1d > 1a> 1c. The decomposition temperatures for a 5% weigst loere listed in

Table 2.
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Fig. 3The TGA thermographs of compounts-d (all n = 12) under nitrogen gas at a heating rate
of 10.0°Cmin™,

Table 2. The decomposition temperatfidfscompoundd.a—d measured by TGA analysis.

Compd. T4ec (°C)
la(n=12) 417.5
1b (n=12) 420.8
lc(n=12) 412.5
1d(n=12) 418.3

& temperatures taken with a 5% weight loss undeogen atmosphere.

2.3 Powder X-ray diffractions of compounds lab and 1d.

In order to confirm the structure of the columnbages exhibited by compounts
variable-temperature powder-tay diffraction experiments of three compouddsb (n = 12)
andld (n = 12) were also conducted. Interestingly, conmaida (n = 12) formed hexagonal
columnar phase, whereas, compodabdn = 12) exhibited lamellar columnar phases. Rer@oj,
phase, a diffraction pattern of a two dimensioredagonal lattice with one very strong diffraction
peak at lower angle and another much weaker diffrapeak of compountla (n = 12) was
obtained at 120.0C under cooling process, shown in Fig. 4. A diffiact pattern with a
d-spacing atB2.63 A, and a broad diffuse peak with a @66 A at wide angle region was

obtained. The strong peak with a d = 32.63 A cpoeded to a Miller indices 110 in the
11



hexagonal columnar arrangement. However, ligiiké correlations between the rigid cores
occurred at wideangle regions of#4.66 A. This diffraction pattern corresponded to an
intercolumnar distance or lattice constant (i.@oaeameter of the hexagonal lattice) of a = 37.67 A
The lack of any relatively peaks at wide angledweded a more regular periodicity along the
columns.

Columnar mesogens were characterized by colummtidcules, and within the columns all
molecules were packed together to form a-skmensional crystalline array. On the other hand,
for compoundlb (n = 12), the diffraction pattern was differentiecstrong diffraction peak and
one much weaker peak at lower angle, and one laiffaded peak at wideangle were observed.
Thed-spacings occurred dt= 37.85 A and 19.11 A and a broad diffused peakéQ A. This
type of diffraction pattern corresponded to lanrgllhases (Cg) with Miller indices 001 and 002.

Higher diffraction peaks indexed as 003, and othen® not observed in this discotic system.

25000
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20000+
15000

10000 \&
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Fig. 4 The powder Xray diffraction plots of compountia (n = 12; left) measured at 1200 and

1b (n = 12; right) measured at 1050 when cooled from above their clearing temperature
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Fig. 5 The powder Xray diffraction plots of compountd (n = 12; left) measured at 1500 and

1d (n = 12; right) measured at 1250 when cooled from above their clearing temperature

Interestingly, compountd (n = 12) showed a different columnar behaviortaegular
columnar phases at lower temperature (T = 126)and hexagonal columnar phases at higher
temperature (T = 150.TC). This compound showed a diffraction patternwad strong peaks with
ad-spacing 0f/35.87 andB2.21A at 125C, and these two strong peaks corresponded torMille
index 110 and 210. The rectangular columnar mesgshacludes three different ol
mesophases depending on the planar space grouga, P2/a, and C2/m, which corresponded to
the plane groups p2gg, p2mg, and c2mm, respectiValy exact Celc was not possible to
identify in this example due to its lesser diffiantpeaks. In general, the molecules in,&ol
phases were tilted with respect to the column dg@ling to an elliptic cross section of the
column. As the cross section of the tilted colunsnalliptical, the symmetries of the Cphases
differ from a proper hexagonal symmetry.

The formation of discotic or columnar mesophaseslynd or discotic molecules was often
strongly side chain dependent. More side chaing@anerally needed for larger core centers in
order to stabilize the mesogen. A phase crossaterden rectangular and hexagonal columnar
phases was in fact observed for compodlddn =12), as shown in Fig. 5. A phase crossover
between Cagkyxand Cal phases was less observed, and these phase trassitere often related
or dependent to the temperature or/and side chagth of compounds. The mesophase
crossovel from Colec to Coley has been observed in columnar systems, and wasaijgn
attributed to the greater core interaction necgdsarthe formation of the Cpphases. The tilted
Col; phase reduced the interactions between the bidkychains and allowed closer contacts
between the cores. This pseudohexagonal latticgtaon(.e. a rectangular lattice with an axial

ratio ofb/a from the ideal hexagonal ¢8; Fig. 6) for this series of compoutd (n = 12) was

13



equal to 1.49i(e. 64.42/43.19). This valve indicated that the strcad departure from the ideal
hexagonal lattice was about 33.0% in this systersuimary of the diffraction peaks and lattice

for these three compoundla—b and1d (all n = 12) is listed in Table 3.

Fig. 6 The structural departure from the ideal hexagtattice in compoundsd (n = 12)

Table 3. Detailed indexation by powder XRD of cohanphaséSor compoundda, 1b, 1d

Compds. Mesophases d-Spacing Lattice const. Miller
temp. obs.(calcd.) (R) Indices
la(n=12) Col at 120.0C 32.63 (32.63) a=37.67 100
4.66 (br) halo
1b(n=12) Cal at 105.0C 37.85 (37.85) 100
19.11 (18.93) 200
4.60 (br) halo
1d (n=12) Col at 150.0C 35.54 (35.54) a=41.03 100
4.72 (br) halo
1d (n=12) Colat 125.0°C 35.87 (35.87) a=64.42 110
32.21 (32.21) b=43.19 200
4.66 (br) halo

& temperature taken on the cooling process;

In order to understand the possible molecular packi the columnar phases, the number of
molecules within a portion of columnar heigihtvas calculated by use of a known motddsy
this simple model, two important parameterssldnd R, were then calculated from powder
X-ray diffraction data. b is the number of molecules within a 9.0 A colurand the R, defined
as the diameter of the aromatic or hard columnenpes calculated by R= (4S/m)Y2. A value

of Neen = 2.85 and 2.16 was obtained for compoutaé = 12) at 120C andld (n = 12) at 150
14



°C. On the other hand, an average number of ca-2.86 molecules for compoundsa or 1d

were stacked within a height of 9.0 A in the col@mphases (Table 4). Therefore, a more
disc-like correlated structure constructed by twalgoules lying upand-down was generated
within the column. The possible molecular arranganie columnar phases was proposed in Fig.

7 and Fig. 8.

Table 4. Geometric parametéod compoundla (n = 12) andld (n = 12).

Compd. S(A? Veel(A%) V(A% TempfC) Neet  SufA?)  Ra(A)

la(n=12) 1228.68 11058.08 3873.83 120.0 2.85 889.20.49

1d(n=12) 1457.67 13119.05 6069.02 150.0 2.16 MD6.22.74

2 3(A? = columnar cross section ard&g (A% = volume of the column stratum 9 A thick,
Vin(A®) = molecular volume\e = the number of molecules contained in each colursinatum
9-A thick, Sy(A? = the surface area of hard columnar cBg(A?) = the diameter of the
aromatic part.

Fig. 7 A schematic representation of molecular orgaroraproposed in columnar phase by

compoundda.
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Fig. 8 A schematic representation of molecular orgarragiroposed in columnar phase by

compoundd.d.

2.4 Optical properties

1,3,4-Oxadiazole has been long known to be an excelleeté&mitter and has potential
applications in OLED devices. The WVis absorption and PL spectra of the compourss (all
n = 12) excited ak = 342 cm' measured in C4Cl, solution at room temperature are presented in
Fig. 9 and data presented in Table 5. These congsocontaining bis and tris-1,3,4-oxadiazoles
are particularly interesting due to the presenamwitiple chromophores and possible
T—conjugations between the peripheral structurescanttal core. The absorptidn,.x peaks of
compoundda—d occurred at ca-342 and 403410 nm, which were attributed to-1t* transitions,
arising from 1,3,4oxadiazole and quinoxaline, respectively. Compola¢h = 12) has a slightly
red-shiftedAmax than those of others, which might be due to itseebeoplanar core. Single
crystallographic daté of similar 1,3,40xadiazoles have indicated that a dihedral angiedsn
the benzene and 1,3@xadiazole was often ranged00-15.5.In contrast, the PL spectra of all
compoundda-d showed one intense and broad peak occurrgg.at 517~529 nm, respectively,
and these photo luminescent emissions originated fjuinoxaline moieties, similar to our
previous systems containing 1,3,4-oxaziazole arglioroxalinez. Thé . in compoundda and

1d are slightly redshifted due to their better conjugation lengthsgémeral, a red-shift emission

16



is often expected in this type of conjugated systefl threebis-1,3,4-oxadiazoleta—c have a
much redshiftedAmax = 517529 nm than those of our previous studied-bj8,4-oxadiazole,
2,5-bis(5-(3,4,5-tris (dodecyloxy)phenyl)- 1,3,4anfazol-2-yl)thiophene and others. An apparent
red-shiftedAmaxin this system than those of 1,3,4-oxadiazoleshitrbg attributed to the more
electron-donating group of peripheral quinoxalines. All quan yields of luminescent materials
were ranged from 30 to 35%. However, an emissitena$een by 1,3-bxadiazoles at ca.

380-418 nm was not observed. Both quinoxaline and 4¢gXddiazoles were considered as
T—acceptors and fluorophore, and a—&uft emission often attributed to doracceptor transfer.
Whether a fluorescence resonance energy trandRE {JFinvolved in this system was uncertain at
this moment, and more experimental data might leel@@. FRET states a mechanism in which the
resonance energy transfers from an excited statedohor fluorophore to the ground state of an
acceptor fluorophore via a non-radiative ‘dipoleale coupling’. In order to have this photo

effect, both fluorescent chromophores need to Itieinva certain distance,

1.0 800

— la(n=12) la(n=12)
. ——1b(n=12) 700+ ——1b(n=12)
< ' lc (n=12) 600 lc(n=12)
— —1d (n=12) - —1d(n=12)
D 06- 2 5004
Q 1)
S C 400
L o4 )
é : £ 3001
o) 200
< 0.2-
100
0.0 T 0 T T
400 500 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Fig. 9 Absorption (left), and PL spectra (right) of tregpoundsla—d.
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Table 5. The UWvis absorption and Ptemission dathof compoundda-1d.

Compds Absorption EmissiBn Of

A (nm) Amax(nm)
la(n=12) 342,410 529 0.33
1b (n=12) 342, 403 518 0.35
lc(n=12) 342, 405 517 0.30
1d (n=12) 342, 405 520 0.33

& All data measured in Gi€l, at room temperature. Anthracene is used as sthmdtr adfs =
0.27 in hexane solution.
b the excitation wavelength is 342 ¢m

3. Conclusions

Quinoxaline moieties was incorporated into bis-@-@xadiazoles)a—b and
tris—(1,3,4-oxadiazoles}d to better induce their columnar phases. The faonaif columnar
phases was sensitive to the molecular conformati©@ompoundda (n = 8, 12) formed Cgl
phases, while compoundb (n = 12) exhibited Cglphases. In contrast, all compoutdiformed
Col, at lower temperature and G@hases at higher temperature. The phase crossosech a
tris-(1,3,4-oxadiazoles) might be attributed to kiveetically unstable conformations resulted from
the bulky quinoxalines pendant around the centyeg.cThe PL spectra of all compourids-d
showed one intense peak\at,x = 517520 nm, which was originating from the fused quiaime.
The lack of blue emissions at @g.ax= 390-418 nm by 1,3,4oxadiazoles might be probably due

to the effect of fluorescence resonance energgfean

4.0 Experimental Section
4.1. General materials and methods

All chemicals and solvents were reagent grade #danich Chemical Co., and solvents were
dried by standard techniquébl and®*C NMR spectra were measured on a Bruker DRS-300.
DSC thermographs were carried out on a Mettler BEE&2 and calibrated with a pure indium
sample. All phase transitions are determined byaa sate of 10.0C/min. Optical polarized

microscopy was carried out on Zeiss Axioplan twoipped with a hot stage system of Mettler
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FP90/FP82HT. The UWis absorption and fluorescence spectra were adidaising a Jasco
V-530 and Hitachi F4500 spectrometer. Elemental analyses were pertbone Heraeus
CHN-Rapid elemental analyzer. The powder diffractiotadeere collected from the Wiggle A
beam line of the National Synchrotron Radiationd@esh Center (NSRRC) with a wavelength of
1.3223 A. The powder samples were charged in Limaecapillary tubes (80 mm long x 0.01 mm
thick) purchased from Charles Supper Co. with axeirdiameter of 1.0 mm.

4.2 1, 2Bis(dodecyloxy)benzene

'H NMR (300 MHz, CDCY): 5 0.85 (t, 6H~CHs, J = 6.9 Hz), 1.241.45 (m, 36H;-CH,),

1.74-1.84 (m, 4H~CH,), 3.97 (t, 4H~-OCH,, J = 6.6 Hz), 6.86 (s, AH, 4H).*C NMR (75

MHz, CDCk): 6 14.14, 22.72, 26.07, 29.38, 29.47, 29.67, 29.T35 69.29, 114.12, 121.00,
149.25.

4.3 1, 2Bis(3,4-bis(dodecyloxy)phenyly-1, 2-ethanedione 5 (n = 12)

'H NMR (300 MHz, CDCY): § 0.83-0.88 (m, 12H-CHs), 1.24-1.45 (m, 72H-CH,), 1.771.86
(m, 8H,-CH,), 4.0+4.05 (m, 8H~OCH,), 6.81 (d, 2H, ArH, J = 8.4 Hz), 7.397.42 (m, 2H,
Ar-H), 7.54 (d, 2H, ArH, J = 1.8 Hz).**C NMR (75 MHz, CDCJ): 5 14.14, 22.72, 25.94, 26.00,
28.93, 29.08, 29.40, 29.66, 31.95, 69.11, 69.2P,51] 112.19, 126.17, 149.29, 154.97, 193.83.
4.4 Methyl 2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxaline-6—carboxylate 4 (n = 12)

The solution 1, 2bis(3, 4-bis(dodecyloxy)phenybl, 2—ethanedioné4.0 g, 4.0 mmol) dissolved

in 100 mL of THF was stirred with 0.5 mL of glacaetic acid for 10 min. To the solution,
methyl 3,4-diaminobenzoate (0.76) 4.0 mmol) was added and stirred for 24 h. The product,
isolated as yellow solids was obtained after reatljsation from THF/MeOH. Yield 93%H

NMR (300 MHz, CDC}): & 0.86 (t, 12H~CHs, J = 6.6 Hz), 1.251.42 (m, 72H-CH,),

1.68-1.83 (m, 8H-CHy,), 3.80-3.81 (m, 4H;-OCH,), 3.98-4.00 (m, 7H~OCH,, -OCH), 6.82

(d, 2H, Ar-H, J = 8.4 Hz), 7.077.15 (m, 4H, ArH), 8.12 (d, 1H, ArH, J = 8.7 Hz), 8.28 (d, 1H,
Ar-H, J = 8.4 Hz), 8.82 (s, 1H, AiH). 13C NMR (75 MHz, CDCI3)5 14.05, 22.64, 25.99, 29.11,
29.19, 29.34, 29.39, 29.64, 31.89, 52.42, 69.13,0H], 115.30, 122.84, 122.96, 128.96, 129.11,

130.67, 131.31, 131.67, 140.12, 142.96, 148.72,185050.26, 154.07, 154.78, 166.39.
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4.5 2,3Bis(3,4-bis(dodecyloxy)phenyl)guinoxaline-6—carbohydrazide 3 (n = 12)

The solution of methyl 2;3is(3,4-bis(dodecyloxy)phenyl)quinoxaliré—carboxylate

(4.0 g, 4.0 mmol) dissolved in 100 mL of THF andrBD of methanol. To the solution, hydrazine
monohydrate (2 g, 40.0 mmol) was added and stfedi2 h. The product, isolated as yellow
solids was obtained after recrystallization fromFfMeOH. Yield 90%, 1H NMR (300 MHz,
CDCI3):$ 0.85 (t, 12H~CHs, J = 6.3 Hz), 1.241.42 (m, 72H;-CH,), 1.68-1.81 (m, 8H~CH,),
3.78 (M, 4H-OCH,), 3.97 (m, 4H-OCHy), 4.23 (s, 2H:-NH,), 6.84 (d, 2H, ArH, J = 8.4 Hz),
7.03 (d, 2H, ArH, J = 6.3 Hz), 7.09 (d, 2H, AH, J = 8.1 Hz), 8.09 (s, 2H, AH), 8.42 (s, 1H,
Ar—H). 3c NMR (75 MHz, CDCJ): 6 14.06, 22.65, 26.00, 29.12, 29.20, 29.34, 29.986,
31.89, 69.19, 113.06, 115.30, 122.83, 122.95, ;y1.29.61, 131.20, 133.20, 140.10, 142.33,
148.70, 150.18, 150.26, 154.16, 154.58, 167.80.

4.6 N'1,N'2-Bis(2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxaline-6—carbonyl)oxalohydrazide
2a (n=12)

The solution of 2,3bis(3,4-bis(dodecyloxy)phenyl)quinoxaliré—carbohydrazide (1.0 g, 1.0
mmol) dissolved in 125 mL of THWas added dropwise 0.14 mL of triethylamine (1.0ot)rat

ice bath. Oxalyl chloride (0.03 g, 0.5 mmol) wasmly added to the solution and stirred at r.t. for
24 h. The solution was concentrated to give yelgrmen solids. The solids were dissolved in 150
mL of dichloromethane and extracted with 100 mlwater. The resulting crude prod@awas
directly used for next reaction. All other threerqgmound<2b—d were similarly prepared as above
procedures.

4.7 5,5-Bis(2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxalin-6-yl)-2,2'-bi(1,3,4-oxadiazole)
la(n=12)

The solution of crude product N'1,N2is(2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxalin€é—
carbonyl)oxalohydrazide (1.0 g, 4.0 mmol) dissolire@0 mL of phosphoryl chloride was
refluxed for 24 hThe solution slowly turned reddish-black in colbine solution was cooled at
room temperature, and then the solution was slpetyed into 300 mL of icy water. After stirring

for 2 h, the orange solids were filtered and céidcThe solids were dissolved in 150 mL of
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dichloromethane and extracted with 150 mL of 1.0&0DH.q) for 2 h. The yellowbrown solids
were collected. The products isolated as brigHowesolids were obtained after silica gel
chromatography eluting with hexane/ethyl acetateranrystallization from THF/methanol. Yield
25%, mp. 113.6C. *H NMR (300 MHz, CDCY): § 0.83-0.88 (m, 24H-CHs), 1.25-1.42 (m,
144H,-CH,), 1.62-1.84 (m, 16H;-CH,), 3.84 (t, 8H-OCH,, J = 6.6 Hz), 4.00 (t, 8H;OCH,, J

= 6.6 Hz), 6.84 (d, 4H, AH, J = 8.1 Hz), 7.127.19 (m, 8H, ArH), 8.27 (d, 2H, ArH, J = 8.7

Hz), 8.51 (dd, 2H, AfH, J= 2.1 Hz,J = 8.8 Hz), 9.00 (d, 2H, AiH, J = 1.8 Hz).:*C NMR (75

MHz, CDCk): 6 14.09, 22.68, 26.04, 29.16, 29.22, 29.37, 29.8%% 31.92, 69.23, 113.07,
115.26, 122.85, 123.06, 127.00, 129.36, 130.52,0P31.31.11, 140.54, 142.82, 148.79, 150.38,
150.48, 153.29, 154.68, 155.14, 165.188(KBr): 2955, 2921, 2850, 2363, 2329, 1600, 1578,
1560, 1541, 1514, 1466, 1423, 1390, 1351, 1423),1B360, 1423, 1389, 1265, 1252, 1225, 1186,
1142, 1066, 1028, 1003, 932, 889, 817, 727, 623 cA8". Anal. Calcd for GagHo1NgO10: C,

77.37; H, 10.11; N, 5.16. Found C, 77.23; H, 10N15.06.

4.7.1 5,5-Bis(2,3-bis(3,4-bis(octyloxy)phenyl)quinoxalin—6-yl)-2,2'-bi(1,3,4-oxadiazole)
la(n=28)

Mp. 134.3°C;*H NMR (300 MHz, CDCJ): § 0.85-0.89 (m, 24H~CHg), 1.28-1.43 (m, 80H,

~CHj,), 1.64-1.84 (m, 16H-CH,), 3.84 (t, 8H-OCHy, J = 6.9 Hz), 4.00 (t, 8H;OCH,, J = 6.6

Hz), 6.84 (d, 4H, AtH, J = 8.4 Hz), 7.127.19 (m, 8H, ArH), 8.27 (d, 2H, ArH, J = 8.7 Hz),

8.51 (dd, 2H, ArH, J= 1.8 Hz,J = 8.7 Hz), 9.00 (d, 2H, AH, J = 2.1 Hz).23C NMR (75 MHz,
CDCl): 6 14.07, 22.66, 26.01, 29.20, 29.26, 29.31, 29.3823 69.17, 69.22, 113.05, 115.24,
122.84, 123.05, 126.99, 129.34, 130.50, 131.01,103140.53, 142.81, 148.78, 150.36, 150.47,
153.28, 154.67, 155.12, 165.91. IR (KBr): 2957,2%854, 2364, 1598, 1560, 1514, 1469, 1424,
1394, 1347, 1308, 1260, 1186, 1136, 1068, 1024, 929, 897, 858, 839, 815, 727, 671, 628, 420
cm™. Anal. Calcd for GogH15NgO10: C, 75.22; H, 9.00; N, 6.50. Found C, 75.22; 89N, 6.41.
4.8 1,3Bis(5-(2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxalin-6-yl)-1,3,4-oxadiazol
2-yl)benzene 1b (n = 12)

Mp. 93.3°C.*H NMR (300 MHz, CDCJ): § 0.83-0.87 (M, 24H;-CHy), 1.24-1.42 (m, 144H,
21



~CHj), 1.68-1.83 (m, 16H-CH,), 3.83 (t, 8H-OCH, J = 6.6 Hz), 3.99 (t, 8H;OCH,, J = 6.6

Hz), 6.84 (d, 4H, ArH, J = 8.4 Hz), 7.10 (d, 4H, AH, J = 1.8 Hz), 7.16 (d, 4H, AH, J=8.4

Hz), 7.77 (t, 1H, ArH, J = 8.1 Hz), 8.26 (d, 2H, AH, J = 8.7 Hz), 8.38 (d, 2H, AH,J=7.5

Hz), 8.51 (d, 2H, AfH, J = 8.7 Hz), 8.91 (s, 2H, AH), 8.98 (s, 1H, ArH). *C NMR (75 MHz,
CDCls): 6 14.07, 22.66, 26.03, 29.16, 29.22, 29.36, 29.9%& 31.91, 69.21, 113.10, 115.29,
123.02, 124.13, 125.04, 125.23, 127.03, 128.15,0013030.28, 131.20, 140.59, 142.44, 148.76,
150.26, 150.35, 154.50, 154.71, 164.04, 164.5TKER): 2922, 2852, 2362, 2329, 1600, 1559,
1509, 1467, 1424, 1394, 1347, 1298, 1261, 1183,1138, 1013, 976, 857, 840, 812, 765, 727,
700, 680, 627, 591, 522,501, 485, 469, 462, 447, 487 cni. Anal. Calcd for GagH22:NgO10: C,
77.96; H, 9.95; N, 4.98. Found C, 77.87; H, 9.954197.

4.9 1,4Bis(5-(2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxalin-6-yl)-1,3,4-oxadiazol
2-yl)benzene 1c (n = 12)

Mp. 157.8°C. *H NMR (300 MHz, CDCY): § 0.84-0.88 (m, 24H;-CHs), 1.25-1.41 (m, 144H,
~CHj), 1.65-1.82 (m, 16H-CH,), 3.83 (g, 8H-OCH,, J = 4.8 Hz), 4.00 (t, 8H;OCH,, J = 3.6
Hz), 6.82-6.87 (M, 4H, ArH, J = 8.4 Hz), 7.087.10 (m, 4H, ArH), 7.13-7.18 (m, 4H, ArH),

8.25 (d, 2H, ArH, J = 8.7 Hz), 8.38 (s, 4H, AH), 8.50 (dd, 2H, ArH, J = 2.1 Hz,J = 8.7 Hz),
8.88 (d, 2H, ArH,J=1.8 HZ).13C NMR (75 MHz, CDCJ): 6 14.08, 22.68, 26.04, 29.16, 29.23,
29.37, 29.45, 29.69, 31.92, 69.24, 113.14, 119.32,90, 123.05, 124.12, 126.65, 127.02, 127.71,
128.12, 130.31, 131.16, 131.23, 140.60, 142.51,774850.30, 150.39, 154.57, 154.78, 164.14,
164.56. IR (KBr): 2921, 2851, 2360, 2340, 1600,8,5561, 1516, 1466, 1304, 1262, 1185, 1139,
1063, 1013, 894, 850, 816, 728, 688, 669, 629, 588, 401 cril. Anal. Calcd for GgH220NgO10:

C, 77.96; H, 9.95; N, 4.98. Found C, 77.71; H, 919,/4.93.

4.10 1,3,5Tris(5—(2,3-bis(3,4-bis(octyloxy)phenyl)quinoxalin-6-yl)-1,3,4-
oxadiazok2-yl)benzene 1d (n = 8)

Mp. 102.0°C. *H NMR (300 MHz, CDC}): § 0.85-0.89 (m, 24H;-CHs), 1.28-1.43 (m, 80H,
—-CH,), 1.64-1.84 (m, 16H-CHy), 3.84 (t, 8H-OCH,, J = 6.9 Hz), 4.00 (t, 8H;OCH,, J = 6.6

Hz), 6.84 (d, 4H, ArH, J = 8.4 Hz), 7.127.19 (m, 8H, ArH), 8.27 (d, 2H, ArH, J = 8.7 Hz),
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8.51 (dd, 2H, ArH, J= 1.8 Hz,J = 8.7 Hz), 9.00 (d, 2H, AH, J = 2.1 Hz).2*C NMR (75 MHz,
CDCl): 6 14.07, 22.66, 26.01, 29.20, 29.26, 29.31, 29.3823 69.17, 69.22, 113.05, 115.24,
122.84, 123.05, 126.99, 129.34, 130.50, 131.01,103140.53, 142.81, 148.78, 150.36, 150.47,
153.28, 154.67, 155.12, 165.9R. (KBr): 3072, 2926,2 853, 2581, 2366, 1733, 159814, 1467,
1423, 1392, 1346, 1297, 1261, 1186, 1136, 106&,1921, 933, 896, 863, 841, 809, 780, 730,
675, 628, 485, 423 cmAnal. Calcd for GegH23N1:015: C, 75.81; H, 8.86; N, 6.31. Found C,
74.81; H, 8.83; N, 6.10.

4.10.1 1,3,5Tris(5—(2,3-bis(3,4-bis(decyloxy)phenyl)quinoxalin-6-yl)-1,3,4-
oxadiazol2-yl)benzene 1d (n = 10)

Mp. 104.0°C. *H NMR (300 MHz, CDCY): § 0.84-0.88 (m, 36H-CHs), 1.26-1.43 (m, 168H,
~CHj,), 1.721.84 (m, 24H-CHy), 3.83 (t, 12H-OCH,, J = 6.3 Hz), 3.99 (t, 12H;OCH,, J =

6.3 Hz), 6.84 (d, 6H, AH, J= 8.1 Hz), 7.12 (s, 6H, AH), 7.15-7.20 (m, 6H, ArH), 8.29 (d,
3H, Ar-H, J = 8.7 Hz), 8.55 (d, 3H, AH, J= 9 Hz), 8.98 (s, 3H, AH) , 9.14 (s, 3H, ArH). °C
NMR (75 MHz, CDC}): 6 14.07, 22.67, 26.03, 29.16, 29.23, 29.38, 29.942 29.68, 31.91,
69.22, 113.07, 115.28, 123.03, 123.82, 126.30,08221.27.58, 128.49, 130.37, 131.10, 131.22,
140.60, 142.52, 148.76, 150.30, 150.37, 154.54,8P5463.20, 165.07. IR (KBr): 3076, 2955,
2922, 2853, 2361, 1600, 1510, 1466, 1423, 1395/,183261, 1186, 1137, 1069, 1016, 982, 897,
840, 810, 781, 730, 674, 629, 488, 419'cAnal. Calcd for GozH2sMN12015: C, 76.91; H, 9.48; N,
5.61. Found C, 76.52; H, 9.59; N, 5.50.

4.10.1 1,3,5Tris(5—(2,3-bis(3,4-bis(dodecyloxy)phenyl)quinoxalin-6-yl)-1,3,4-
oxadiazok2-yl)benzene 1d (n = 12)

Mp. 110.0°C. *H NMR (300 MHz, CDCJ): § 0.84 (t, 36H~CHs, J = 6.3 Hz), 1.251.43 (m,
216H,—CH,), 1.69-1.84 (m, 24H;-CH,), 3.83 (t, 12H;-OCH,, J = 6.3 Hz), 4.00 (t, 12H;0CH,,
J=6.3 Hz), 6.84 (d, 6H, AiH, J= 8.4 Hz), 7.12 (s, 6H, AH), 7.15-7.20 (m, 6H, ArH), 8.30

(d, 3H, Ar-H, J = 8.7 Hz), 8.55 (d, 3H, AiH, J = 8.7 Hz), 8.98 (s, 3H, AH) , 9.17 (s, 3H,
Ar-H). ¥*C NMR (75 MHz, CDCJ): § 14.08, 22.67, 26.04, 29.17, 29.23, 29.37, 29.062

31.92, 69.22, 113.07, 115.29, 123.03, 123.83, 1I4.37.02, 127.58, 128.49, 130.38, 131.10,
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131.23, 140.61, 142.52, 148.77, 150.30, 150.38,58,454.81, 163.20, 165.07. IR (KBr): 3076,
2923, 2544, 2363, 2329, 1602, 1510, 1467, 142418947, 1261, 1186, 1136, 1071, 1017, 979,
897,841, 809, 730, 677, 628, 440, 413'chAnal. Calcd for GigHasdN1,0:5 C, 77.79; H, 9.97; N,
5.04. Found C, 77.46; H, 9.96; N, 4.98.

4.10.2 1,3,5Tris(5—-(2,3-bis(3,4-bis(tetradecyloxy)phenyl)quinoxalir-6-yl)-1,3,4-
oxadiazok2-yl)benzene 1d (n = 14)

Mp. 115.0°C. 'H NMR (300 MHz, CDCJ): § 0.83-0.88 (m, 36H~CHs), 1.24-1.41 (m, 264H,
~CHy), 1.671.84 (M, 24H-CH,), 3.84 (t, 12H-OCH,, J = 6.3 Hz), 4.00 (t, 12H;OCH,, J =

6.6 Hz), 6.84 (d, 6H, AH, J = 8.4 Hz), 7.12 (s, 6H, AH), 7.15-7.21 (m, 6H, ArH), 8.30 (d,

3H, Ar-H, J = 8.7 Hz), 8.56 (d, 3H, AH, J = 7.8 Hz), 8.99 (s, 3H, AH) , 9.17 (s, 3H, ArH).

3C NMR (75 MHz, CDCJ): § 14.08, 22.67, 26.05, 29.17, 29.25, 29.36, 29.8772 31.92, 69.22,
113.08, 115.29, 123.04, 123.83, 126.36, 127.04.612428.50, 130.39, 131.11, 131.24, 140.62,
142.54, 148.78, 150.31, 150.38, 154.56, 154.83,226365.10. IR (KBr): 3080, 2922, 2853,
2361, 1599, 1518, 1468, 1424, 1396, 1346, 12616,111B36, 1026, 897, 810, 730, 419trAnal.

Calcd for Q4o|‘|373N12015Z C, 78.51; H, 10.38:; N, 4.58. Found C, 78.27; 6138: N, 4.53.
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