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M esogenic Heterocycles Derived from Quinoxaline Schiff Bases

Hsiu—Ming Kuo, Wan-Ping Ko, Gengisiang Lee, Chung K. Lai*

Department of Chemistry, National Central Univetsithung-Li, Taiwan, ROC

Abstract.

Three new series of heterocyclic quinoxaline SdBéfesl-2 were prepared, characterized and
their mesomorphic properties were investigated s€femmpound$ and2 are in fact geometric
isomers in which an imine moiety (e.g. —C=N) isarsely incorporated into quinoxaline,
leading to an opposite local dipole. Two singlestallographic structures(m = 8, n = 8) and
2a (m = 12, n = 8) were determined by-rdy crystallographic analysis in order to underdtan
the effect of mesomorphic properties. Weatbbinds, CHmandr-minteractions were found
in both crystals, which were attributed to the fation of mesomorphic behavior. Variable
temperature FFIR experiments were performed to confirm the induigebonds. All series
series of compounds-2 exhibited N/SmC or SmC phases, which were identiby optical
microscope and confirmed by powderrdy diffraction experiments. Compoun2shave a

slightly wider range of mesophase temperaturesttietnof compound$ and2b.

* Corresponding author. Tel.: +886 03 4259207; 886 03 4277972
e—Mail address: cklai@cc.ncu.edu.tw (C.K. Lai).
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1. Introduction

An exquisite balance of molecular interactions Esogenic structures is crucially
important to the formation of a preferred arrangehie order to generate practical materials
with cooperative properties. Dipole is one of thecés or interactions that have been commonly
utilized in the design of liquid crystalline matds. Such dipole or polarization might be
intrinsically existent or induced under an extelinéllence. Intrinsic dipoles are generally
obtained from molecular structures when designeggaty. A polar group incorporated
resulting in an asymetric structure is a commonr@ggh. This is particularly important in
rod—shaped molecules. Relike molecule has an elongated and anisotropic gégmvhich
allows for preferential alignments along one spatiection. On the other hand, too strong or
too weak an interaction force often resulted inftrenation of a solid or liquid state. However,
such a force balance seems to be almost impodgsibtentrol and predict.

Schiff bases, such as salicyladimine and enamionakkivere probably the most studied
among known mesogens due to their known chemistywarsatile structures. They were easily
prepared by condensations of ketones or aldehydbsmines. The Schiff bases were
constructed by an imine moietyG=N). The imine fragment not only plays a roleioking
group, but also holds a local dipole moment. Onatiher hand, this dipole might
macroscopically induce the overall liquid crystailly if incorporated correctly. In addition, the
better planarity of salicylaldimines derivativesrfed by intramolecular +hond often
facilitated a more ordered or preferred arrangerimemtesophases.

Quinoxalines, considered as a heterocyclic coreetwdiave been applied to produce photo
luminecent and/ or efficient electroluminescentenats due to their extende-conjugated and
more rigid structures. It is an electrgransporting or hoteblocking layer in organic
light-emitting diode3 (OLEDs) because of its relative ease of preparatiad also higher
thermal stability. Known examples of mesogenic qualined were relatively rare, and the
formation of mesophases was mostly attributed éontbak intermolecular-Ttinteractions. A
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good LC gelator obtained from dibenzophenazinediplenylquinoxalinwas observed and
studied. Interestingly, a doubléecked, hydrophobic metallocycloph&meas formed by
self-assemble of quinoxalir@yridine hybrids with tetrahedral metals (i.e.*GWAg*). A
similar series of N-salicylidene-2-hydroxyanilifésind quinoxalinesalicylaldimine
conjugates| were previously prepared in this group (Fig. 1).cAmpoundd formed an
enantitropic SmC phase, compouhb$ormed an enantiotropic columnar phase. Thisadfitist
examples derived from N-salicylidene-2-hydroxy emalthat exhibited columnar phases. A
series of electroraccepting acen¢ype LC materials, dialkoxycyano pyrazinoquinoxdliti |
were also developed, and its hole mobility in Snirage was observed. In these highly

conjugated systems, Git andr-Ttinteractiond also played an important role.
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Fig. 1 The molecular structures of similar compouhed|.

In this work, three series of Schiff Baske® (see Scheme 1) incorporating heterocyclic
quinoxaline were prepared, characterized and thesomorphic properties were investigated.
These compounds; iminephenland aminophenola are in fact geometric isomers in which
an inime moiety (e.g. —C=N) is inversely incorperhtDipole induced in opposite direction
might impact the overall dipole generated in theseseries of rodlike molecules. A
systematic investigation of the structure—propegtgtionship by changing the terminal carbon

lengths and the dipole might provide us about nsicopic and/or macroscopic information in
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understanding the relationship between the strestand the properties. Compoidwas also
prepared to understand the effect efddnds formed by hydroxyl group on the formation of
mesomorphic behavior. Single crystal crystallograplata of two single crystals showed that
the intramolecular and intermolecularibbnds were observed in the crystal phases. Variable
temperature FFIR experiments were performed to confirm thebldnds induced in crystal
phases. Results indicated that all compour@swere truly mesogenic, exhibiting
nematic/smectic C or smectic C phases, which wietified and confirmed by powderkay
diffraction. The UV-vis absorption and PL spectfédhnee compounds in G&I, solution at

room temperature were also studied.

2. Resultsand Discussion
2.1 Synthesisand Characterization

The synthetic procedures for compouddse summarized in Scheme 1. 2-(4-Hydroxy
phenyl)-2-oxoacetaldehyde was prepared by theiogeot 1-(4-hydroxyphenyl)ethanone and
SeQin refluxing 1,4dioxane/HO. Methyl 2-(4-hydroxyphenyl)quinoxaline-6-carboaig was
obtained by the reaction of 3,4-diaminobenzoaté @4t4-hydroxyphenyl)-2-oxoacetaldehyde
in refluxing ethanol. Alkylation of methyl 2-(4-hyakyphenyl)quinoxaline-6-carboxylate with
n-alkylbromides and BCOzin refluxing acetone gave 2-(4-alkoxyloxyphenylygmxaline-
6-carboxylates, which were then further reduce®®4C and hydrazine monohydrate to
produce 2-(4-(alkoxy)phenyl)quinoxalin-6-aminesl &nines were freshly prepared and
directly used for the final steps without any pigation. The final compounds (E)-5-(alkoxy)-
2-(((2-(4-(alkoxy)phenyl)quinoxalin-6-yl) imino)mgl)phenols were obtained by reaction of
2-hydroxy-4-(alkoxy)benzaldehydes and 2-(4-(alkg@k@nyl)quinoxalin-6-amines in refluxing
dried THF.'H and**C NMR spectroscopy in CDElere used to characterize all intermediates.
For instance, two characteristic singlet peaks wecuatd 8.67~8.68 and 13.4613.51 ppm, were
assigned for imine —CH=N and phenot©H groups in compounds
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The synthetic procedures for compoudse summarized in Scheme 2. Methyl 2-
(4-hydroxyphenyl)quinoxaline-6-carboxylates and myeR-(4-(alkoxy)phenyl)quinoxaline-
6-carboxylates were prepared similar to aforemesetigprocedures in Scheme 1 for methyl
2-(4-hydroxyphenyl)quinoxaline-6-carboxylate an(2alkoxyloxyphenyl)quinoxaline-
6-carboxylates. (2-(4-(Alkoxy)phenyl)quinoxalin-Giyethanols were obtained by reduction of
methyl 2-(4-(alkoxy)phenyl)quinoxaline-6-carboxyatwith LAH stirring in THF. Then
2-(4-(alkoxy)phenyl)quinoxaline-6-carbaldehydes evprepared by oxidation of (2-(4-(alkoxy)
phenyl)quinoxalin-6-yl)methanols with pyridiniumlohochromate in stirring THF. Two
characteristic singlet peaks 4d-NMR spectroscopic spectra occurreddt91and 10.23 ppm,
assigned for groupsCH,OH and —G1O. The final compound&a and2b were obtained by
condensation reactions of 2-(4-(Alkoxy)phenyl)quialine-6-carbaldehydes with appropriate
amines. Some characteristic chemical peak44efNMR spectra were summarized in Tahle

Elemental analysis of all compounti2 was performed.
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Scheme 1. Reagents and conditions. (a) SeO,, refluxing in 1,4-dioxane/H,0
(20/1), 4 h (b) AcOH, refluxing in ethanol, 8 h (c) K,CO3, C,H;,.1Br, refluxing in
DMSO, 24 h (d) Pd/C, hydrazine monohydrate, refluxing in EtOH, 6 h (¢) AcOH,
refluxing in THF, 24 h.

Table 1. The characteristic chemical peaks'H NMR spectra for compounds-2

Compds 1 2a 2b
—OH (phenolic) 13.40813.51 7.54 -
—N=CH- (imine) 8.678.68 - -
—CH=N- (imine) 4 8.79-8.82 8.70

& samples were all dissolved in CR@L rt. Unit:d (ppm).
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Scheme 2. Reagents and conditions. (a) SeO,, refluxing in 1,4-dioxane/H,0 = 20/1, 4 h (b) 95% H,SO, ( drops),
refluxing in MeOH, 4 h (c) refluxing in AcOH, 8 h (d) C4,H,5Br, K,CO; and KI, refluxing in dry acetone, 24 h (e)
LiAlIH, stirred in dry THF, 6 h (f) Pyridinium chlorochromate, stirred in dry THF, 4 h (g) C,H2,+1Br, K,CO3 and KiI,
refluxing in dry acetone, 24 h (h) 65% HNOj3, refluxing in CH,Cl,, 1 h (i) Pd/C, hydrazine monohydrate, EtOH,
reflux, 6 h (j) AcOH, refluxing in EtOH, 24 h.

In order to identify the formation of-Hbonds possibly formed in crystal, liquid crystal
or/and isotropic states, variable temperaturelRTspectra of three compountts2 (all m, n =
12) were performed (in Fig. 2). In this experimenthin disc grounded with KBr was prepared

and studied at a temperature of 30 to 26@n the heating process. In general, the IR fregque



of intermolecular Hbonds formed by phenolic—-OH group occurred at (20@-3,400 cm,
whereas, intramoleculartonds occurred at a lower region of ca. 2,800-3¢ch0f As seen
from Fig. 2, a characteristic broad and weak pdak-toond occurred at ca. 3,435 ¢nassigned
to the phenolic —OH group was observed for compd@angn = n = 12) only at temperature of T
= 30°C. A very weak peak at T = PC was barely observed. However, this weak peaknots
seen at higher temperatures or isotropic states ihkicated that an intermolecularibbnd was
only formed in crystal state for compourités Other compounds and2b have no
intermolecular Hbonds formed in either crystal or mesogenic st&ésiously, the Hbonds

were not the major force or interaction induing thesophases in such system.
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Fig. 2 Variable-temperature IR spectra for compoun(left), 2a (middle) andb (right, all m =
n = 12) obtained in heating process using KBr pelle

2.2 Single crystal structures of (E)-5-(octyloxy)-2-(((2-(4-(octyloxy)phenyl)quinoxalin-6-yl)
imino)methyl)phenol and (E)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)methylene)
amino)-5-(octyloxy)phenol

In order to understand the correlation betweemtbkecular structures and the formation of
mesophases, two single crystals of compoun@s = n = 8) and®a (m = 12, n = 8) were

obtained and their single crystallographic dataewevestigated. Two light yellow crystals



suitable for X-ray diffraction analysis were slowly grown from TtdEFroom temperature. Fig. 3
shows the molecular structures with the atomic nenmligs, and Table 2 lists the crystallographic
and structural refinement data for the two compasuiithe crystal crystallizes in the monoclinic
space group P2(1)/c, with a = 27.627(2) A, b =30848) A, ¢ = 11.2292(9) A, and Z = 4, in
contrast, the cryst&@a crystallizes in the triclinic space group P-1,imét=5.7598(2)A, b =
13.6324(4) A, c = 24.1259(8) A, and Z =The overall structures of both crystals were quite
planar, and the molecular lengths wiere37.95 A (atom C29C37) and = 42.76 A (atom
C29-C41), for crystall and2a, respectively. On the other hand, the overall mdbe planes in
two crystals were quite planar, and the dihedrglemtwisted from central plane 2 (see Fig. 4) to
other phenyl or others were smaller than 8°83%e relatively smaller dihedral angles favored
the formation of mesophases induced in these twessef molecules. A summary of all dihedral
angles in two crystals was listed in Table 3. Thrdlength of imine-CH=N was ranged id =

1.2865 A in crystal andd = 1.2751 A in crystada.
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Fig. 3 Two ORTEP drawings for compourddtop) and?a (bottom) with the numbering scheme,

and thermal ellipsoids of nehydrogen atoms are drawn at the 50% probabilitgllev

Table 2. Crystallographic data collected for single crysfiahnd?2a.

Compd. 1(m=8,n=28) 2a(m=12,n=28)
Empirical formula G7H47N3O3 C41Hs55N303
Formula weight 581.78 637.88
Temperature (K) 200(2) 200(2)

Crystal system Monoclinic Triclinic

Space group P2(1)/c B
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a(Ah) 27.627(2) 5.7598(2)

b(A) 10.3544(8) 13.6324(4)

c(A) 11.2292(9) 24.1259(8)

a(®) 90 102.2488(18)

B(°) 94.875(2) 93.2326(18)

7(°) 90 99.4464(15)

Z 4 2

Density (calculated, Mg/fy ~ 1.207 1.165

Crystal size (mr) 0.50x0.28x0.10 0.150x0.100x0.030
0 range for data collectiof)(  0.74 to 27.50 3.373 to 67.500
Reflections collected 20512 12270
Independent reflections 7351 [R(int) = 0.0486] BPR(int) = 0.0255]
Final R1, wR2 0.0660, 0.1456 0.0576, 0.1545

Table 3. Dihedral angléstwisted in1 (m = 8, n = 8) an@a (m = 12, n = 8)

Ring plane 1 2 3 4
1 +8.839 - +0.410 +6.517
2a +3.384 - +1.838 +0.778

1 2a

& angles are measured relative to central plane 2.

As expected, intramoleculartdonds were observed in both crystal lattices. Aadise of
intramolecular Hbond, cad [11.833, 2.131 and 2.574 A was obtained for the twystals, as
shown Fig. 4. These intramolecularthbnds kept the phenolic ring nearly coplanar to the
guinoxaline ring, and the better planar structuas favorable for a better packing both in the
solid or/and the liquid crystal state. In contrasher intermolecular interactions, such as
H-bonds, CHTt, andr—Ttwere also observed in two crystals. In general Gh+-1r, andr=Tt
interactions were much weaker thanlidnds. However, these weak intermolecular forcag we

very crucial on the induction and/or formation aésophases in such heterocyclic compounds. A
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distance ofl [11.928-2.928 A was observed for the intermoleculablnds in crysta?a. In
contrast, other weaker intermolecular interactioh€H-rtandrTt, at a distance af [
2.812-3.403 A were observed in both crystals. A dimetiacture was first formed by the
intermolecular CHTt, andreTtinteractions and the dimers were then packedtirgdattice,
shown inFig. 6. A layer distance df30.33 A was observed in lattice, which was smakan
those ofd [(B5-37 A obtained by XRD diffraction at mesophasesdntrast, crysta®a has no
strong H-bonds; a more coplanar core structure was instealitdted by weaker intermolecular
H-bonds; CHO and CHN. In crystal2a, the formation of a layered structure was formed
or/and induced by strong+4onds, OHN (1.928 A) and weaker+bonds, CHO (2.719 A) and
CH-N (2.928 A), giving a heado-tail arrangement in the lattice (Fig. 5). Neighbgrlayers
were formed by weaker intermolecular €H2.812 A), shown in Fig 6. A summary ofbonds
and other interactions was listed in Table 4 anold &. All series of compoundsand?2

exhibited layered structure in mesophases. A lalystricture correlated to the smectic phases in

both unit cells was shown Fig. 7.
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Fig. 4 Intramolecular Hbonds in crystalsl (top) and?a (bottom).
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Table 4. Intra and intermolecular-Hbonds observed in both crystals.

Compd. Type no. bond angles/

H-bonds  distance/A
1 C-H...N 1 H1-N1 =183 ~0O1-H1-N1=147.00
2a O-H..N 2 H1-N2=1.93 ~0O1-H1-N2 =166.90

Table 5. Weak interactions observedin{m =8, n = 8) an@a (m = 12, n = 8)

Compd. Type no. bond angles/
H-bonds distance/A

1 C-H..O 2 2.81 ~2C1-H1A-01 =158.51
T...T 2 3.40
CH.n 2 2.84 ~ring-H22B-C22 = 140.40

2a C-H..O 1 H9-O1 =2.13 ~C9-H9-01 = 127.19
C-H..O 2 H5-03 =2.72 ~C5-H5-03 = 172.78
C-H...N 1 H6-N3 = 2.57 £ C6-H6-N3 =97.24
C-H...N 2 H18-N1 = 2.93 ~C18-H18-N1 = 162.34
CH.n 2 ring-H22A =2.81  /ring-H22A-C22 = 154.23

* Interactions or distance measured from the ceofteéng to the atom.
** n—x interaction or distance measured from verticalice from ring center of benzene to

plane by quinoxaline.

T (T Iy 2
N WP 3033 A
i
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Fig. 7 A layer structure correlated to the smectic phaségqtop) and?a (bottom).

2.3. Thermal analysis and phase properties

The liquid crystalline behavior of Schithase derivative$—2 was characterized and studied by
differential scanning calorimetry (DSC) and poladzoptical microscope (POM). The phase
transitions and thermodynamic data are summarizdaible 6. All three series of heterocyclic
derivativesl-2 exhibited an enanotropic mesomorphic behavior uR@M observation, giving
nematic/smectic C or smectic C phases. The sokeshaerivativel (m = n = 8) formed SmC
phase at lower temperature and N phase at highgret@ture. The clearing temperatures of
compoundd decreased with carbon length of terminal alkoxgies, i.e., T = 274.8 (m =n = 8)
>261.9(m=12,n=8)>239°C (m =12, n = 16). The temperature range of mezsspvas
quite wide;ATmeso= 155.0 (M =12, n =16) <189.4 (m =12, n = &04.3°C (m=n =8) on
cooling process. This wide range of mesophase teatyre might be attributed to a better planar
core, discussed in the crystallographic data. Tdnesttion enthalpies of Sm@-I transitions
were in the range dfHsmc.; = 10.6-17.8 kd/mol. These compountitiave a higher clearing
temperature than that of compourddsand2b, for example, §=261.9{;, m=12,n=8) >
256.7 Qa; m =12, n =8) > 245.7C (2b; m = 12, n = 8). The polar imine —C=N group is
generally considered as an electrdonating group, however, the quinoxaline is an
electror-withdrawing moiety. The direction of polar imineogip affected the overall molecular
dipole. Under optical microscope, they all exhiditgpical Schlieren textures of four or/and two

brushes or focatonics textures. Furthermore, the nematic phaseedhslightly homeotropic
15



domains, whereas, the smectic C phases showedmedt@pic textures.

In order to understand the effect of the polar gepuLe. imine {CH=N) and hydroxyl {OH)
incorporated on the formation of mesophases, thgpoond2a and2b were prepared and their
mesomorphic behavior was investigated. Compoudratsd2a are in fact geometric isomers.
However, the imine moiety-CHN) in both series of compounds was reverselyripoated, and
the local dipoles might alter the overall molecyatarization. The DSC data showed that the
clearing temperatures of compouridsdecreased with carbon length of alkoxy chains,theg
were slightly lower than those of compourddsy ca. AT =5.2 (m =12, n =8} 8.3°C (m = 12,
n = 12). All compound&a formed smectic C phases, and the temperature afripe SmC
phases waAT = 187.0-156.8°C on cooling process. All compoun®s exhibited typical focal
conics textures. Their transition enthalpies of Ste€l transitions were slightly smaller than
those of compounds i.e.AH = 6.48-9.15 kJ/mol.

On the other hand, all compourts exhibited an enantiotropic behavior, giving N &mdC
phases. Their clearing temperatures were sligbtiet than those of compountisind?2a.
Compound®a and2b have the molecular structures in which the patané group is positioned
opposite direction of the quinoxaline ring. Thiggimi reduce the overall molecular dipole to
some extent, leading to a difference in polarizafiad/or anisotropics. Furthermore, a lack of
polar hydroxyl group incorporated in compourdlswas apparently unable to induce the possible
intra or intermolcular Hbonds. DSC data indicated that all clearing tentpeza of compounds
2b were lower than those of compourtdsby AT =11.0(m=12,n=8}6.5°C(m=12,n=
12). Also the temperature of mesophase phasesshghdly narrower than those of compounds
2abycalATsmnc=135(M=12,n=12) 17.0°C (m =12, n = 16). The lower clearing or/and
narrower temperature of SmC phases were possibilguded to the absence of a polar hydroxyl
group. A similar texture identified as foeabnic and Schlieren textures for smectic C and N
phases was observed under optical microscejge 8). The bar graph in Fig. 9 showed the
temperature of mesophases of all compour@s

16



Fig. 8 Optical textures observed. N phase at ZZ®y1 (m = 8, n = 8; top left), SmC phase at
240°C by1 (m = 8, n = 8; top right), SmC phase at 2Cby2a (n = 8; middle left), SmC phase
at 200°C by2a (n = 12; middle right), SmC phase at @by 2a (n = 16; bottom left), and

SmC phase at 22¢ by 2b (n = 16, bottom right).
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Table 6. The phase temperatures and enthalpies?® of the compounds 1-2.

L c 1059(390) . _2675(541) | _2748(368)
1, m=8n=38 " 689 (32.1) m 265.3 (2.48) 273.2 (2.59)
93.2 (52.0) 257.5 (17.8)
< - 1
1010 Cr < T35539) °MC “25a8(15.9)
u2(314) 26190106
128 Cr 711 (23.8) O C T 2605 (9.42)
2 12 c 1025472) o 2507(129) |
r 86.0 (46.0) ~249.0 (12.3)
2 16 o 139(666) o 23990153
' =831 (586 238.1 (14.0)
104.0 (29.7 7(6.
2a; n=8 Cr ( ). SmC 256.7 (6.48) _ |
65.0 (37.0) 252.0 (3.64)
12 cr 11450402 o 2024(915)
61.6 (25.4) 234.1 (4.87)
" nrT@ry) o 2823(740)
Cr < 688(312 - 2256 (5.81)
100.2 (39.6) 239.2 (3.36) 245.7 (1.71)
2b, =8 = = _— =]
n Cr <2208 °™ “mraco) 244.4 (2.44)
102.9 (41.0) _ 2358¢ 2359(9.82) |
12 Cr <Tez@1a) " “mawan N “m2e0)
87.3 (11.7) 103.7 (89.1) _ 2236(129) _ |
16 Crn <ZZ0(82) 2 ganss) oMC “2222(119)

3: m, n are the carbon numbers of the terminal chains, Cr = crystal, SmC = smectic C, N = nematic
and | = Isotropic phases. The temperatures were determined by DSC on the cooling process with a
scan rate is 10.0 °C/min.
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Fig. 9 Bar graphs showing the phase behavior of compoir2sAll temperatures were taken

from cooling process.

2.4 Variable powder diffraction
Variable-temperature powder XRD diffraction experiments wagggformed to confirm the
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structures of the mesophases. Fig. 10 shows typiffedction plots for three derivatives. A strong
diffraction with ad-spacing of calB5.6, A, 37.1, A and 36.4A was obtained for comptsun
compoundlL (m =12, n=12)2a(m =12, n=12) angb (m = 12, n = 12) at 18T, respectively.
These three peaks corresponded to layer structassigined as Miller indices 001. These
d-spacings were slightly larger than those of valmeasured from crystallographic data. In
addition, a second diffraction peak(@i7.9 A, 18.5 A and 18.1 A was also observed, assidor
indices 002. The diffraction patterns were typigalharacteristic of a layer structure observed for
a SmC phase. The structure of SmC phase is sitoithat of the unstructured SmA phase except
that the long axes of the molecules are tilted negpect to the planes of the layers. The optical
character is positive biaxial. The much smaltesghcing indicated that the molecules were tilted
or/and the terminal alkoxy chains were to somerexteerdigitated in smectic C phase.

Furthermore, a very broad and weak peak4f0 A was observed, and this peak was assigned

to the molten alkoxy chains.
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Fig. 10 The powder Xray diffraction plots of compount(m = n =12, top)2a(m=n =12,

middle) and2b (m = n = 12, bottom) at 18@

Table 7. Detailed indexation by powder XRD of smectic C gggin compoundd-2.

Compds Mesophases/temp -Spacing Miller indices
1(m=12,n=12) SmC at 180°C 35.6 001
17.9 002
4.70 halo
2a(m =12,n=12) SmC at 180°C 37.1 001
18.5 002
4.70 halo
2b (m=12,n=12) SmC at 18°C 36.4 001
18.1 002
4.70 halo

% temperature taken on the cooling process;

2.5 Optical properties

The UV-vis absorptions of three compoumd€H,Cl, solution at room temperature are
presented in Figure 11. The UV-vis absorption spewftthree compounds-2 (allm =12, n =
16) were quite similar. A longer conjugated lengths extended by imine moiety in all three
compounds. The absorptidpax peaks occurred ah. 394 (forl), 407 (for2a) and 390 nm (for
2b) were attributed ta—r* transitions® arising from quinoxaline moiety. Other peaks at

259-333 nm were originated from-n transitions, as summarized in Table 8. The imiGeN
20



group is polar and generally considered as anrelealonating group, however, the quinoxaline
is an electronwithdrawing moiety. The pusipull effect by these two groups in compoundas
caused absorption slightly reshifted over other compoun@sin contrast, the presence of a

hydroxyl group in compounga caused an apparent shift (ca. 17 nm) or\thgabsorption.
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Fig. 11 Absorption spectra of the compouridand2a-b (all m = 12, n = 16).

Table 8. Absorption datdof compoundd and2a-b (all m = 12, n = 16).

Compd Absorption/nm
1 259, 291, 394
2a 258, 333, 407
2b 253, 279, 330, 390

& Measured in CkCl, solution (1.0 x 18 M) at room temperature.

3.0 Conclusions

Three series of heterocyclic quinoxaline Schiffdsawere prepared and their mesomorphic
properties studied. Inter or intramolecularlddnd, intermolecular CHtandreTt played an
important role in unit cells of crystalsand2a. They exhibited N/SmC or SmC phases over a
wide range of mesophases. The compouraisd2a with a hydroxyl group incorporated have a

slightly higher clearing temperature that the athee. compound2b. In addition, the polar
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direction of the imine moiety also affected the opsse temperatures.

4.0 Experimental Section
4.1 General materials and methods

All chemicals and solvents were reagent grades Afoirich Chemical Co., and solvents
were dried by standard techniquis.and**C NMR spectra were measured on a Bruker
DRS-300. DSC thermographs were carried out on a Mdit&€-822 and calibrated with a pure
indium sample. All phase transitions are determimgd scan rate of 10°@/min. Optical
polarized microscopy was carried out on Zeiss A2 equipped with a hot stage system of
Mettler FP9O/FP82HT. The UAis absorption spectra were obtained using a Ms680
spectrometer. Elemental analyses were performedteraesus CHNO-Rapid elemental
analyzer. The powder diffraction data were collddtem the WigglerA beam line of the
National Synchrotron Radiation Research Center (RISRwith a wavelength of 1.3263 A. The
powder samples were charged in Lindemann capilidrgs (80 mm long and 0.01 mm thick)
with an inner diameter of 1.0 mm from Charles Sugp® The compounds of 4-alkoxynitro
benzenes, 4-alkoxyanilines, 3-alkoxy-6-nitropherawid 3-alkoxy-6-anilines were prepared by
literatures’ procedures.
4.2. 2-(4-Hydroxyphenyl)-2-oxoacetaldehyde
To a solution of Seg1.11 g, 0.01 mol), 1dioxane/HO (20 : 1), 3(4-hydroxyphenyl)ethanone
(2.36 g, 0.01 mol) was added and the mixture wihsxed under nitrogen for 4 h. The solid
residues were removed by filtration. The solveriilthte were removed under reduced pressure.
The suspension was added 20 mL more water anddheateflux for 3 h. Charcoal was added to
the solution, and the solution was then refluxeddaher 30 min. Upon cooling to room
temperature, the solids were filtered. The filtnates extracted by ethyl acetatefH The organic
layer was collected and evaporated to drynesspidaicts isolated as pale yellow powder were
obtained by recrystallization from GEl,. Yield: 80%'H NMR (300 MHz, CDCY): & 5.60-5.65
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(m, 2H, CH-OH), 6.68 (s, 1H-CH), 6.79-6.93 (m, 2H, ArH), 7.906-8.00 (m, 2H, ArH), 10.44
(s, 1H,—CH), 10.76 (s, 1H, A*OH). 3C NMR (75 MHz, DMSO0)35 15.47, 18.72, 56.54, 62.64,
88.60, 94.73, 115.54, 115.58, 115.94, 116.03, P14.35.35, 132.33, 162.67, 162.80, 193.01,
194.77.

4.3. Methyl 3,4-diaminobenzoate

To a solution of 3,4liaminobenzoic acid (10.0 g, 0.07 mol) and 200 mMeOH, sulfuric acid
(30 mL) was added dropwise. After refluxing forl24the solution was cooled to room
temperature. The organic solvent was removed witluced pressure. The crude product was
neutralized by aqueous,€O; then extracted by ethyl acetatef The organic layers were
collect and the solvent was evaporated to dryriéss products isolated as brown powder was
obtained after recrystallization from MeOH. YiekB%.'H NMR (300 MHz, CDCJ): & 3.52 (s,
4H, NH,), 3.82 (s, 3H-CHs), 6.64 (d, 1H, ArH, J = 8.1 Hz), 7.38 (d, 1H, AiH, J = 1.8 Hz),
7.44 (d, 1H, ArH,J=9.9 HZ).13C NMR (75 MHz, DMSO)% 51.62, 114.86, 118.31, 121.03,
123.22, 133.08, 140.39, 167.33.

4.4. Methyl 2-(4-hydroxyphenyl)quinoxaline-6-car boxylate

To a solution of methyl 3,4-diaminobenzoate (10.0.67 mmol) and 200 mL of EtOH,
2-(4-hydroxyphenyl)-2-oxoacetaldehyde (9.0 g, 0.06at)iwas added, the mixture was refluxed
for 3 h. Upon cooling to room temperature, the erptbduct was collected by filtration. The
products isolated as yellow powder were obtainést aécrystallization from hexane/methanol.
Yield: 90%.'H NMR (300 MHz, DMSO)5 3.94 (s, 3H-OCH), 6.97 (d, 2H, ArH, J = 8.7 Hz),
8.12 (d, 1H, ArH, J= 8.1 Hz), 8.23 (d, 2H, AiH, J = 12.3 Hz), 8.54 (d, 1H, AH, J = 1.2 Hz),
9.56 (s, 1H, ArH), 10.18(s, 1H, ArH). 1*C NMR (75 MHz, DMS0)3 53.07, 116.55, 126.78,
129.76, 129.95, 130.06, 131.15, 140.05, 144.17,194353.03, 160.95, 166.03.

4.5. Methyl 2-(4-(dodecyloxy)phenyl)quinoxaline-6-car boxylate (m = 12)

Under nitrogen atmosphere, the mixture of meth{d-Bydroxyphenyl)quinoxaline-6-

carboxylate (0.5 g, 2 mmol), dry acetone (75 mK>CO;(0.37 g, 2 mmol) and Kl (catalyst
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amount) was refluxed for 24 h. The solids werefdt and the filtrate was concentrated by
rotary evaporator. The crude product was extrasyeethyl acetate/pD. Organic layers were
collected and dried over MgQOrhe solvents were removed. The products isolasedahite

solids were obtained after recrystallization froexéine/MeOH. Yield 74 %H NMR (300 MHz,
CDCl): 5 0.86 (t, 3H~CHa, J = 6.6 Hz), 1.251.49 (m, 18H;-CH,), 1.771.84 (m, 2H-CH,),

4.00 (s, 3H-OCH), 4.04 (t, 2H-OCH,, J = 6.45 Hz), 7.06 (d, 2H, AH, J = 8.7 Hz), 8.13 (d,

1H, Ar-H, J = 8.4 Hz), 8.19 (d, 2H, AiH, J = 8.7 Hz), 8.33 (d, 1H, AH, J = 8.7 Hz), 8.78 (s,

1H, Ar-H), 9.35 (s, 1H, ArH). *C NMR (75 MHz, CDCJ): § 14.07, 22.65, 25.99, 29.16, 29.31,
29.36, 29.56, 31.61, 31.88, 52.48, 68.25, 115.29,31, 129.22, 129.46, 129.73, 130.19, 131.68,
140.28, 143.93, 144.38, 152.77, 161.61, 166.30.AMBY: calcd. For M+ GgH3sN,O5: 448.27,
found: 448.2718

4.6. (2-(4-(Dodecyloxy)phenyl)quinoxalin-6-yl)methanol (m = 12)

Under nitrogen atmosphere, to the mixture of me2h{A-(dodecyloxy)phenyl)quinoxaline-
6-carboxylate (0.5 g, 1 mmol) and 50 ml dry THE&ilim aluminium hydride (0.12 g, 3 mmol)
was added. The mixture was stirred at room tempexdor 4 h. Hydrochloric acid (2.0 N) was
slowly added into the mixture for quenching thectean. The mixture was concentrated by rotary
evaporator and the residues were extracted withlah@methane/pD. Organic layers were
collected and dried over MgQOrhe solvents were removed. The products isolasedhite

solids were purified by column chromatography elgitivith ethyl acetate and hexane. Yield 60%.
'H NMR (300 MHz, CDCY): § 0.86 (t, 3H~CHa, J = 6.9 Hz) 1.241.62 (m, 18H~CH,), 1.81
(quint, 2H,—CH,, J = 6.3 Hz), 4.02 (t, 2H:CH,, J = 6.3 Hz), 4.91 (s, 2H;CH,), 7.03 (d, 2H,
Ar-H, J=8.0 Hz), 7.74 (d, 1H, AH, J = 7.7 Hz), 8.02 (s, 1H, AH), 8.06 (d, 1H, ArH, J =

8.7 Hz), 8.12 (d, 2H, AH, J = 7.7 Hz), 9.23 (s, 1H, AH). 3C NMR (125 MHz, CDCJ): §

14.11, 22.68, 26.02, 29.20, 29.34, 29.39, 29.5%3%B1.91, 64.77, 68.22, 115.12, 126.08,
128.87, 129.27, 129.54, 141.01, 141.81, 142.15,204351.43, 161.09.
2-(4-(Dodecyloxy)phenyl)quinoxaline-6-car baldehyde (m = 12)
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Under nitrogen atmosphere, to the mixture of (Zeddecyloxy)phenyl)quinoxalin-6-yl)
methanol (0.5 g, 2 mmol) and 50 mL dry THF, pyridm chlorochromate (0.75 g, 3.5 mmol)
was added. The mixture was stirred under room teatyoe for 3 h. The mixture was then
condensed by rotary evaporator, purified by colwmmmatography with ethyl acetate and
hexane. White powder was obtained with 85% yitHINMR (300 MHz, CDCY): § 0.86 (t, 3H,
—CHs, J = 6.9 Hz) 1.251.59 (m, 18H~CH,), 1.82 (quint, 2H-CH,, J = 6.6 Hz), 4.04 (t, 2H,
~CH,, J = 6.5 Hz), 7.06 (d, 2H, AiH, J = 8.7 Hz), 8.19 (d, 1H, AiH, J = 2.5 Hz), 8.22 (d, 2H,
Ar-H,J=1.7 Hz), 8.53 (s, 1H, AH), 9.38 (s, 1H, ArH), 10.23 (s, 1H, CEH). *C NMR (125
MHz, CDCk): 6 14.06, 22.63, 25.96, 29.11, 29.33, 29.53, 29.58B6& 68.25, 115.23, 127.11,
128.14, 129.30, 130.52, 134.48, 136.06, 140.69,204445.57, 153.30, 161.75, 191.25.

4.9. 4-(6-Nitroquinoxalin-2-yl)phenol

A solution of2—(4—hydroxyphenyl)-2—oxoacetaldehyde (0.2 g, #i®ol), 4-nitrobenzene-
1,2-diamine (0.64 g 4.19 mmol) and 75 mL EtOH was refluxed for 30 mider nitrogen. The
mixture was extracted by GBI, and water. The organic layers were collected ddoeer MgSQ and
then concentrated under reduced pressure. Thegisodolated as pale yellow powder were obtained
after recrystallization from hexanes and MeOH. &i&16%."H NMR (300 MHz, CDCJ): & 7.03 (d,
2H, Ar-H, J = 8.7 Hz), 8.148.22 (m, 3H, ArH), 8.52 (dd, 1H, ArH, 3J = 9.3 Hz,J = 2.4 Hz),
8.98 (d, 1H, ArH, J = 2.4 Hz), 9.24 (s, 1H, AH). **C NMR (125 MHz, DMSO)5 116.15,
116.22, 123.78, 124.69, 124.88, 125.91, 129.66,9729.30.60, 130.73, 139.08, 144.47, 145.94,
146.49, 153.42, 161.00.

4.10. 2-(4-(Octyloxy)phenyl)-6-nitroquinoxaline (m = 8)

Under nitrogen atmosphere, a mixture of 4-(6-nmagxalin-2-yl)phenol (0.5 g, 2 mmol) and
K2COs(0.37 g, 2.0 mmol) was mixed #b mL dry acetone. The solution was then refluxaedBD
min. The mixture was then addg&dbromooctane (0.39 g, 2.0 mmol) and further reftifor 24 h.
The residual solids were filtered off. The filtratas extract by ethyl acetate/water. The organic

layers were then collected and concentrated amddtwecentrated by rotary evaporator. The
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products were purified by column chromatographyietuwith ethyl acetate and hexane. Yellow
powder; yield 70%'H NMR (300 MHz, CDCY)): 5 0.88 (t, 3H~CHs, J = 6.6 Hz), 1.171.55 (m,
10H, -CHy), 1.82 (quint, 2H-CH, J = 7.8 Hz), 4.05 (t, 2H;OCH, J = 6.5 Hz), 7.07 (d, 2H,
Ar-H, J = 8.9 Hz), 8.128.30 (m, 3H, ArH), 8.50 (dd, 1H, ArH, 3J = 9.15 Hz*J = 2.5 Hz),

8.97 (d, 1H, ArH, 2.1 Hz), 9.42 (s, 1H, AH). °C NMR (125 MHz, CDGJ): § 14.23, 22.78,
26.14, 29.28, 29.36, 29.47, 31.93, 68.48, 115.29.811, 125.73, 127.88, 129.65, 130.91, 139.95,
145.31, 147.10, 153.97, 162.25.

4.11. 2-(4-(Decyloxy)phenyl)-6-nitroquinoxaline (m = 10)

Yellow solids; yield 72%™H NMR (300 MHz, CDCJ): § 0.87 (t, 3H~CHs, J = 4.2 Hz),

1.18-1.52 (m, 14H-CHj), 1.73-1.86 (m, 2H~CH,), 4.05 (t, 2H~OCH, J = 6.3 Hz), 7.07 (d,

2H, Ar-H, J = 4.5 Hz), 8.178.23 (m, 3H, ArH), 8.50 (dd, 1H, ArH, 3J = 9 Hz,*J = 2.4 Hz),

8.96 (d, 1H, ArH, 2.1 Hz), 9.42 (s, 1H, AH). **C NMR (125 MHz, CDGJ): § 14.10, 22.66,
25.99, 29.14, 29.30, 29.37, 29.55, 31.88, 68.38,34l 123.67, 125.59, 127.73, 129.51, 130.76,
139.80, 145.17, 146.95, 153.82, 162.10.

4.12. 2-(4-(Dodecyloxy)phenyl)-6-nitroquinoxaline (m = 12)

Yellow solids; yield 73%'H NMR (300 MHz, CDCJ): 6 0.86 (t, 3H,~CHs, J = 6.6 Hz)

1.19-1.68 (m, 18H-CH,), 1.82 (quint, 2H-CH, J = 6.6 Hz), 4.05 (t, 2H;CH,, J = 6.6 Hz),

7.07 (d, 2H, ArH, J = 4.2 Hz), 8.168.23 (m, 3H, ArH), 8.50 (d, 1H, ArH, J = 9.3 Hz), 8.96 (s,
1H, Ar-H), 9.41 (s, 1H, ArH). *°C NMR (125 MHz, CDGJ): § 14.10, 22.68, 26.00, 29.15, 29.37,
29.58, 29.64, 31.91, 68.35, 115.35, 123.67, 123.89,51, 130.77, 139.81, 145.16, 146.97,

153.82, 162.13.
4.13. (E)-5-(octyloxy)-2-(((2-(4-(octyloxy)phenyl)quinoxalin-6-yl)imino)methyl)phenol
1(m=8,n=8)

To a solution of 2-hydroxy-4-(octyloxy)benzaldehydes g, 6.0 mmol) dissolved in 50 mL THF,
2-(4-(octyloxy)phenyl)quinoxalin-6-amine (2.0 g75nmol) was added, and the mixture was

refluxed overnight. Methanol was slowly added teegorown solids. The crude product was
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collected and then purified by recrystallizatioorfr dichloromethane and methanol. Yellow
crystal, yield: 90%'H NMR (300 MHz, CDCJ): & 0.86 (t, 6H,~CHs, J = 4.2 Hz) 1.231.65 (m,
20H,-CH,), 1.73-1.89 (m, 4H~CH,), 3.94-4.10 (m, 4H~OCH,), 6.48-6.56 (m, 2H, ArH),

7.05 (d, 2H, ArH, J = 4.8 Hz), 7.29 (d, 1H, AiH, J = 4.8 Hz), 7.68 (d, 1H, AH, J = 5.4 Hz),
7.83 (s, 1H, ArH), 8.09 (d, 1H, ArH, J= 5.1 Hz), 8.14 (d, 2H, AH, J = 4.8 Hz), 8.67 (s, 1H,
—CH=N), 9.25 (s, 1H, AfH), 13.40 (s, 1H, ArH). **C NMR (125 MHz, CDGJ): & 13.96, 22.58,
25.96, 26.02, 29.07, 29.16, 29.22, 29.27, 29.317/,13568.30, 68.39, 101.73, 107.98, 113.08,
115.22, 118.31, 125.78, 128.79, 129.09, 130.35903341.19, 141.93, 143.56, 149.16, 150.86,
161.16, 162.73, 164.06, 164.22, 176.61. Anal. Cldc€3/H47N305: C, 76.38; H, 8.14. Found C,
76.28; H, 8.11.

4.13.1 (E)-5-(decyloxy)-2-(((2-(4-(decyloxy)phenyl)quinoxalin-6-yl)imino)methyl)phenal
1(m=10,n=10)

'H NMR (300 MHz, CDCY): § 0.87 (t, 6H,~CHa, J = 6.6 Hz), 1.151.56 (m, 28H-CH,),
1.70-1.86 (m, 4H~CH,), 3.95-4.0 (m, 4H,~OCH,), 6.43-6.58 (m, 2H, ArH), 7.05 (d, 2H,
Ar-H, J=8.7 Hz), 7.31 (d, 1H, AH, J = 9.3 Hz), 7.70 (dd, 2H, AH,3J=8.7 Hz*J =2.1

Hz), 7.84 (d, 1H, ArH, J = 2.1 Hz), 8.078.19 (m, 3H, ArH), 8.68 (s, 1H-CH=N), 9.27 (s, 1H,
Ar-H), 13.51 (s, 1H, ArH). 3C NMR (125 MHz, CDCJ): § 14.03, 22.67, 26.02, 26.08, 29.14,
29.31, 29.37, 29.41, 29.56, 31.31, 28.38, 68.46,810 108.07, 113.15, 115.30, 118.38, 125.87,
128.87, 129.18, 130.44, 133.97, 141.27, 142.02,664349.28, 150.96, 161.24, 162.84, 164.13,
164.31. Anal. Calcd for &ZHssN3Os: C, 77.20; H, 8.69. Found C, 77.12; H, 8.74.

4.13.2 (E)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)imino)methyl)-5-(octyloxy)phenol
1(m=12,n=18)

'H NMR (500 MHz, CDCY): § 0.86 (t, 3H~CHa, J = 6.7 Hz), 1.251.44 (m, 28H-CH,),
1.75-1.83 (m, 4H~CH,), 3.98 (m, 4H-OCH,), 6.50 (m, 2H, ArH), 7.04 (d, 2H, ArH, J=8.5
Hz), 7.31 (d, 1H, ArH, J = 8.7 Hz), 7.69 (d, 1H, AH, J = 7.9 Hz), 7.83 (s, 1H, AH), 8.09 (d,
1H, Ar-H, J = 8.8), 8.13 (d, 2H, AtH, J = 8.5 Hz), 8.67 (s, 1H, AH), 9.26 (s, 1H, ArH),

27



13.52 (s, 1H, OH)*C NMR (75 MHz, CDC)): § 14.08, 14.10, 22.63, 22.67, 25.96, 26.00, 29.02,
29.18, 29.19, 29.29, 29.33, 29.38, 29.55, 29.581229.64, 31.78, 31.89, 68.19, 68.32, 101.51,
108.00, 112.92, 115.10, 118.23, 125.91, 128.78,882830.30, 133.93, 141.11, 141.79, 143.60,
149.04, 161.04, 162.77, 163.96, 164.10. Anal. Cadc4;Hs5N303: C, 77.20; H, 8.69. Found C,
76.50; H, 8.66.

4.13.3. (E)-5-(dodecyloxy)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)imino)methyl)

phenol 1 (m =12, n=12)

'H NMR (300 MHz, CDCY): § 0.87(t, 6H,~CHa, J = 4.2 Hz) 1.191.68 (m, 36H~CH,),

1.70-1.91 (m, 4H~CH,), 3.92-4.16 (m, 4H~OCH,), 6.48-6.52 (m, 2H, ArH), 7.05 (d, 2H,

Ar-H, J=8.1 Hz), 7.31 (d, 1H, AH, J = 9.3 Hz), 7.70 (d, 2H, AH, J = 6.9 Hz), 7.84 (s, 1H,
Ar-H), 8.07-8.19 (m, 3H, ArH), 8.68 (s, 1H-CH=N), 9.27(s, 1H, ArH), 13.50 (s, 1H, ArH).

¥C NMR (125 MHz, CDQJ): 6 22.83, 26.18, 16.23, 29.29, 29.44, 29.49, 29.8/7, 29.76,

29.79, 29.82, 32.09, 68.53, 68.61, 101.96, 10823.30, 115.45, 118.53, 126.00, 129.02, 129.32,
130.58, 134.12, 141.42, 142.15, 143.78, 149.39,0856161.39, 162.96, 164.28, 164.46. Anal.
Calcd for GsHesN3Os: C, 77.88; H, 9.15. Found C, 77.82; H, 9.15.

4.13.4 (E)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)imino)methyl)-5-(hexadecyl oxy)

phenol 1 (m =12, n = 16)

'H NMR (300 MHz, CDC)): 6 0.83 (t, 3H~CHs, J = 6.6 Hz), 1.241.53 (m, 44H-CH,),

1.74-1.86 (m, 4H~-CHj,), 3.98-4.06 (m, 4H~OCH,), 6.49-6.52 (m, 2H, ArH), 7.05 (d, 2H,

Ar-H, J = 8.8 Hz), 7.31 (d, 1H, AiH, J = 9.3 Hz), 7.70 (dd, 1H, AH, 33 = 8.9 Hz,"J = 2.3 Hz),
7.84 (d, 1H, ArH, J=2.3), 8.1 (d, 1H, ArH, J = 9.0), 8.14 (d, 2H, AH, J= 8.9 Hz), 8.68 (s,

1H, Ar-H), 9.27 (s, 1H, ArH), 13.50 (s, 1H, OH)-*C NMR (75 MHz, CDCJ): § 14.18, 22.82,
26.18, 26.23, 29.29, 29.50, 29.51, 29.56, 29.781229.85, 32.09, 68.54, 68.62, 101.96, 108.22,
113.30, 115.46, 118.52, 126.01, 129.02, 129.33,5830.34.11, 141.42, 142.16, 143.08, 149.43,
151.11, 161.39, 162.98, 164.28, 164.46. Anal. Cadc€49H71N303: C, 78.46; H, 9.54. Found C,
78.48; H, 9.54.
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4.14 (E)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)methylene)amino)-5-(octyl oxy)

phenol 2a(m =12, n = 8)

To a solution of 2-amino-5-(octyloxy)phenol (1.04g5 mmol) dissolved in 50 mL of EtOH,
2-(4-(dodecyloxy)phenyl)quinoxaline-6-carbaldehyd® g, 4.5 mmol)was added and the
mixture was refluxed overnight. Upon cooling tomotemperature, the crude product was
collected by filtration and then purified by redaifization from CHCI,/CH3OH. Yellow solids;
yield 90%.'H NMR (300 MHz, CDCJ): § 0.88 (t, 3H~CHs, J = 6.9 Hz), 1.251.54 (m, 28H,
~CHy), 1.73-1.86 (M, 4H~-CH,), 3.96 (t, 2H-OCH,, J = 6.6 Hz), 4.04 (t, 2H-OCH, J = 6.6

Hz), 6.49 (dd, 1H, ArH, 31 = 8.6 Hz *J = 2.7 Hz), 6.58 (d, 1H, AH, J = 2.7 Hz), 7.06 (d, 2H,
Ar-H, J=8.9 Hz), 7.37 (d, 1H, AH, J = 9.0 Hz), 7.54 (s, 1H;OH), 8.13 (d, 1H, ArH, J =

8.8), 8.17 (d, 2H, ArH, J = 9.0 Hz), 8.32 (s, 1H, AH), 8.41 (d, 1H, ArH, J = 8.8 Hz), 8.82 (s,
1H, —-CH=N), 9.31 (s, 1H, ArH). *C NMR (75 MHz, CDCJ): § 14.11, 22.68, 26.04, 29.21,
29.36, 29.41, 29.60, 31.82, 31.92, 68.28, 68.3@,54) 107.48, 116.36, 127.88, 128.01, 128.69,
129.09, 129.99, 130.76, 136.80, 141.23, 143.75,084451.72, 152.05, 154.27, 160.89, 161.43.
Anal. Calcd for GiHssN3Os: C, 77.20; H, 8.69. Found C, 77.28; H, 8.73.
4.14.1(E)-5-(dodecyloxy)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl ) methylene)amino)
phenol 2a(m =12, n =12)

Yellow solids, 88%¢H NMR (300 MHz, CDCY): & 0.86 (t, 3H~CHs, J = 6.9 Hz), 1.251.46 (m,
36H,-CHj,), 1.73-1.86 (m, 4H~CHj,), 3.95 (t, 2H~OCH, J = 6.6 Hz), 4.01 (t, 2H;OCH, J =
6.6 Hz), 6.48 (dd, 1H, AH, 3J= 8.7 Hz *J = 2.4 Hz), 6.57 (d, 1H, AH, J = 2.7 Hz), 7.05 (d,

2H, Ar-H, J = 8.7 Hz), 7.36 (d, 1H, AH, J = 9.0 Hz), 7.54 (s, 1H;OH), 8.10 (d, 1H, ArH, J =
8.7), 8.17 (d, 2H, AtH, J = 8.4 Hz), 8.32 (s, 1H, AH), 8.39 (d, 1H, ArH, J = 9.0 Hz), 8.79 (s,
1H, -CH=N), 9.29 (s, 1H, ArH). 3C NMR (75 MHz, CDCJ): § 14.12, 22.69, 26.03, 29.21,
29.36, 29.40, 29.60, 29.65, 31.93, 68.28, 68.3@,54) 107.47, 115.22, 127.87, 128.00, 128.67,
129.07, 129.98, 130.76, 136.78, 141.23, 143.74,084451.70, 152.04, 154.27, 160.89, 161.42.

Anal. Calcd for GiHssN3Os5: C, 77.88; H,9.15. Found C, 77.66; H,9.12.
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4.14.2(E)-2-(((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)methylene)amino)-5-(hexadecyl oxy)
phenol 2a(m =12, n = 16)

Yellow solids, yield 85%H NMR (300 MHz, CDCJ): § 0.86 (t, 3H,~CHs, J = 6.9 Hz),
1.25-1.46 (m, 44H-CH,), 1.75-1.84 (m, 4H~CH,), 3.95 (t, 2H~OCH,, J = 6.3 Hz), 4.04 (t,
2H,-OCH, J = 6.6 Hz), 6.48 (dd, 1H, AH, 33 = 9.0 Hz*J = 2.7 Hz), 6.58 (d, 1H, AH, J =

2.4 Hz), 7.06 (d, 2H, AH, J = 8.7 Hz), 7.37 (d, 1H, AH, J = 8.7 Hz), 7.54 (s, 1H;0H), 8.13
(d, 1H, A-H, J=8.7), 8.18 (d, 2H, AtH, J = 8.7 Hz), 8.34 (s, 1H, AH), 8.41 (d, 1H, ArH, J

= 9.9 Hz), 8.81 (s, 1H;CH=N), 9.31 (s, 1H, ArH). *C NMR (75 MHz, CDC}): § 14.10, 22.68,
26.02, 29.19, 29.39, 29.59, 29.67, 31.91, 68.25816800.51, 107.45, 115.19, 116.33, 127.83,
127.97, 128.64, 129.05, 129.95, 130.73, 136.75,194143.70, 144.00, 151.65, 152.00, 154.65,
160.86, 161.40. Anal. Calcd foré7,1N3Os: C, 78.46; H, 9.54. Found C, 78.48; H, 9.35.

4.15 (E)-N-((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)methylene)-4-(octyloxy)aniline 2b
(m=12,n=8)

To a solution of 4-(octyloxy)aniline (1.0 g, 4.7 mandissolved in 50 mL of EtOH,
2-(4-(dodecyloxy)phenyl)quinoxaline-6-carbaldehy@# g, 4.5 mmol)was added and the
mixture was refluxed overnight. The crude produaswollected by filtration and then purified
by recrystallization from CpCl,/CH;OH. Yellow solids; yield 90%H NMR (300 MHz, CDCJ):
§ 0.86 (t, 3H~CHs, J = 6.9 Hz), 1.251.55 (m, 28H~CH,), 1.74-1.86 (m, 4H~CH,), 3.98 (t,
2H,-OCH,, J = 6.6 Hz), 4.04 (t, 2H;OCH,. J = 6.6 Hz), 6.94 (d, 2H, AH, J = 8.9 Hz), 7.06 (d,
2H, Ar-H, J = 8.9 Hz), 7.31 (d, 2H, AH, J = 8.9 Hz), 8.13 (d, 1H, AH, J = 8.8 Hz), 8.18 (d,
2H, Ar-H, J = 8.9), 8.32 (d, 1H, A, J = 1.7 Hz), 8.48 (dd, 1H, AH, 31 = 8.7 Hz*J = 1.8 Hz),
8.70 (s, 1H-CH=N), 9.31 (s, 1H, ArH). **C NMR (75 MHz, CDCJ): § 14.10, 22.67, 26.05,
29.24, 29.29, 29.38, 29.64, 31.81, 31.91, 68.25816815.05, 115.18, 122.45, 128.12, 128.72,
129.04, 129.88, 131.15, 137.16, 141.19, 143.58,994351.99, 156.41, 158.36, 161.35. Anal.
Calcd for GiHssN3Os: C, 79.18; H, 8.91. Found C, 79.19; H, 8.91.

4.15.1 (E)-4-(dodecyloxy)-N-((2-(4-(dodecyloxy)phenyl)quinoxalin-6-yl)methylene) 2b
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(m=n=12)

Yellow solids; yield 85%'H NMR (300 MHz, CDCJ): 6 0.86 (t, 3H~CHs, J = 6.9 Hz),
1.25-1.59 (m, 36H-CHy), 1.74-1.86 (m, 4H~-CH,), 3.97 (t, 2H-OCH, J = 6.6 Hz), 4.04 (t,
2H,-OCH, J = 6.6 Hz), 6.94 (d, 2H, AiH, J = 8.9 Hz), 7.05 (d, 2H, AiH, J = 8.9 Hz), 7.30 (d,
2H, Ar-H, J = 8.9 Hz), 8.13 (d, 1H, AH, J = 8.8 Hz), 8.17 (d, 2H, AH, J = 8.9), 8.32 (d, 1H,
Ar-H, J=1.7 Hz), 8.48 (dd, 1H, AH, *J = 8.8 Hz *J = 1.8 Hz), 8.70 (s, 1H;CH=N), 9.30 (s,
1H, Ar-H). 3c NMR (75 MHz, CDC)): 6 14.12, 22.70, 26.06, 29.22, 29.36, 29.42, 29.603
68.28, 68.35, 115.08, 115.21, 122.46, 128.15, 528.79.06, 129.90, 131.16, 137.20, 141.22
143.59, 144.11, 152.00, 156.40, 158.40, 161.38l.A=cd for GsHe3N3O2: C, 79.72; H, 9.37.
Found C, 79.47; H, 9.30.

4.15.2 (E)-N-((2-(4-(dodecyloxy)phenyl)guinoxalin-6-yl)methylene)-4-(hexadecyloxy)aniline
2b (m=12,n=16)

'H NMR (300 MHz, CDCY): § 0.86 (t, 3H~CHa, J = 6.9 Hz), 1.251.55 (m, 44H-CH,),
1.74-1.86 (m, 4H-CH,), 3.97 (t, 2H~OCH, J = 6.6 Hz), 4.04 (t, 2H;OCH, J = 6.6 Hz), 6.94
(d, 2H, Ar-H, J = 8.7 Hz), 7.06 (d, 2H, AiH, J = 9.0 Hz), 7.31 (d, 2H, AH, J = 8.7 Hz), 8.13
(d, 1H, A-H, J = 9.0 Hz), 8.18 (d, 2H, AiH, J = 9.0), 8.32 (d, 1H, AH, J = 1.8 Hz), 8.34 (s,
1H, Ar-H), 8.49 (dd, 1H, AfH, 33 = 8.7 Hz,%J = 1.8 Hz), 8.70 (s, 1H;CH=N), 9.31 (s, 1H,
Ar-H). **C NMR (75 MHz, CDCJ): 5 14.10, 22.68, 26.03, 29.20, 29.35, 29.59, 29.68023
68.27, 115.07, 115.20, 122.45, 128.14, 128.74,0629.29.89, 131.51, 137.19, 141.20, 143.59,
144.09, 152.01, 156.42, 158.39, 161.37. Anal. Cadc49H7:N30,: C 80.47 ; H,9.75. Found C,

80.21; H,9.78.
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