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An old dog with new tricks: Schiff bases for liquid crystals
materials based on isoxazolines and isoxazoles.

Luma Fritsch and Aloir A. Merlo*™

Schiff bases are in action again showing an exuberant meso-
phase range despite their chemical and thermal weakness. Two
series of Schiff bases (SB), based on isoxazolines 9a-f and iso-
xazoles 10a-f, are described. 9a—f were synthesized by a [3+
2] cycloaddition 1,3-dipolar of arylnitrile oxide from p-nitro-
benzaldehyde (1) and alkenes. And, subsequently oxidized to
10a-f by MnO,. The isoxazolines and isoxazoles thus obtained
were reduced to aniline derivatives and condensed with appro-
priated arylaldehydes. The SBs series isoxazolines 9a-f pre-

Introduction

Schiff Bases (SBs) are well-known organic compounds that have
been documented for a long time." SBs belong to a group of
organic compounds named imines, and their discovery was
made by Ugo (Hugo) J. Schiff, one of the founders of modern
chemistry.” SBs play an important role in many fields of
chemistry and related areas. Their importance has extended
over many branches of science, including organic synthesis, an-
alytical chemistry, coordination chemistry, biological processes,
etc. In liquid crystals (LC) science, SBs have been studied from
an academic point of view and for their technological applica-
tions. SBs were artists of the history of the discovery and appli-
cation in LC electro-optic displays (Figure 1). In 1968, George
Heilmeier (Radio Corporation of America - RCA) reported for
the first time ever the use of SBs in electro-optic displays based
on the principle of dynamic scattering mode (DSM). He devel-
oped the first liquid crystal display using Schiff base MBBA,
with negative dielectric anisotropy.”’ He received the Kyoto
Award in 2005 for his discovery. SBs were also again protago-
nist in a new discovery in the LC field in the early 70's. In 1975,
Robert B. Meyer, an American physicist, predicted that a smec-
tic C phase could be ferroelectric if composed of chiral mole-
cules in a tilted smectic mesophase.”) Meyer et al were able to
prove through symmetry criteria that chiral SBs (DOBAMBC)
display ferroelectric properties, and later, Clark and Lagerwall
developed a display with special architecture, the so-called
bookshelf geometry, yielding bistable electro-optic effects with
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sented a narrow mesophase range, while SBs series isoxazoles
10a-f showed a large mesophase range. Nematic mesophase
was observed for SBs with short and non-polar groups, while
SmA and SmC mesophase for SBs with long and more polar
terminal groups. The stability of the SBs is also dependent on
the clearing temperature. For 10a-f with high clearing temper-
ature, decomposition induced by heat was observed during the
first cycle of heating and in solutions of CDCl;. Series 9a—f was
more resistant to the thermal decomposition.

H,CO MBBA

C1oH210 DOBAMBC

Figure 1. Old and famous Schiff bases in the history™® of liquid crystals.

several orders of magnitude compared to switching times of
several milliseconds in twisted nematic (TN) cells.”) This ach-
ievement opened new opportunities to synthesize and use chi-
ral SmC LC in displays with fast response time to external elec-
tric stimulus.®

SBs are still present nowadays and fascinate us because of
their ability to self-organize and self-assembly. Banana-shaped
LC or bent-core LC" is a new landmark of LC science where
many derived banana LCs form SBs display new and exotic
mesophases.”

The main drawback of SBs is their inherent chemical, ther-
mal and photo-physical instability, which reduces their poten-
tial applications in electro-optic displays.”’ In this way, SBs re-
mains a challenge for chemists in how to prepare new SBs that
are stable under the conditions mentioned above. This prompt-
ed us to disclose our preliminary results in the preparation of
new SB LCs containing isoxazoline and isoxazole rings. The mo-
lecular shape of the SBs presented may be regarded as calam-
itic liquid crystal despite of the bending of the central 5-mem-
bered heterocyclic®' The installation of an isoxazoline or
isoxazole ring combined with an imine group into a mesogenic
core provides a lateral dipole located on nitrogen atoms and a
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bend of their long molecular axes." Our previous synthesis
work related to the design of new molecular architecture has
shown that isoxazolines and isoxazoles serve as platforms for
new liquid-crystalline materials."? In this work, our approach is
addressed to straighforward synthesis of key intermediate aryl-
amine derived from 3,5-disubstituted isoxazolines and 3,5-dis-
ubstituted isoxazoles and them to transform into a new series
of Schiff base LC compounds.

Results and Discussion

The synthetic route to prepare Schiff bases is outlined in
Schemes 1, 2, 3, and 4. The starting materials for all final com-
pounds are commercial aldehyde 1 and p-substituted styrenes
3a-c. The critical step is the preparation of intermediates 4a-c,
which were synthesized by [3+ 2] 1,3-dipolar cycloaddition be-
tween 1,3 dipole nitrile oxide and alkenes. Thus, isoxazolines
4a-c are key intermediates for accessing new anilines to be ex-
ploited in the field of liquid crystals. In this work, oxime 2 is the
precursor for reactive nitrile oxide obtained by oxidation using
an aqueous solution of sodium hypochlorite (NaOCI, 5%)."
The reactive 1,3 dipole was added to styrenes 3a-c to give iso-
xazoles 4a-c in good yields. Usually, isoxazolines are produced
by oxidation using NCS as the oxidant™ instead of an aqueous
solution of NaOCl. The synthesis is outlined in Scheme 1. After

NH,OH.HCI
—_— >

AcONa, H,0
1 EtOH (91%) 0Oy 2

"9 ){/\V 3aX =CH,
’
ON X

3bX=Br
3¢ X = AcO
4a X = CHj (85%)
4b X = Br (67%)
4c X = AcO (97%)

SnCl,.2H,0
MnO,
PhCH, EtOH

-0

'3
O,N SnCI2 2H,0
H,N

6a X = CHj (86%)
6b X = Br (58%)
6c X = AcO (52%)

NaOCI 5%,
CH,Cl,

N-O
Tl 1
HoN X

5a X = CHj (89%)
5b X = Br (70%)

EtOH

7a X = CHj (64%)
7b X = Br (91%)

Scheme 1. Synthesis of the precursors isoxazolines 5a-b and isoxazoles
7a-b.

accomplishing the synthesis of 4a-c, two more steps were
needed: (i) reduction of the nitro group by tin(ll)chloride dehy-
drate,l"™ and (i) oxidation of isoxazoline to isoxazole mediated
by manganese dioxide"®, applied so that we could access 4,5-
dihydroisoxazolylanilines 5a-c and isoxazolylanilines 7 a-c. De-
spite the non-planar shape of the isoxazolines, compounds
5a-c might be a component of liquid crystals as we have
checked in previous works on similar isoxazolines.'>'”

ChemistrySelect 2016, 1, 23-29 Wiley Online Library

Chemist
SETECIV

Full Papers

Scheme 2 describes the synthesis of linear alkylated iso-
xazoline 5d and isoxazole 7d by hydrolysis of the acetate

4c X = AcO 6¢c X = AcO

a. NaOH, EtOH/H,0,
then HCI conc. (83%)

b. RBr, K,CO3
Acetonitrile (83%)

c¢. SnCl,.2H,0 (35%)

a. NaOH, EtOH/H,0,
then HCI conc. (95%)

b. RBF, K2CO3
Acetonitrile (91%)

c. SnCl,.2H,0 (91%)

5d X = n-BuO 7d X = n-BuO

Scheme 2. Synthesis of linear alkylated isoxazoline 5d and isoxazole 7 d.

group under basic conditions followed by alkylation with n-bu-
tyl bromide. The subsequent reduction step, as mentioned with
the other intermediates described in Scheme 1, gave the inter-
mediate 5d with a yield of 91% and 7d in low yield (35 %).

The preparation of Schiff bases is described in Schemes 3
and 4. In Scheme 3, the series of Schiff bases 9a-d and 10a-d

N-O
jsaae!
FonasH
o
RO 9a R = n-hexyl (59%)

9b R = n-octyl (73%)
9¢ R = n-decyl (79%)
9d R = n-dodecyl (78%)

5a X =CH,

/©/CH° EtOH, AcOH
RO

8a R = n-hexyl 7a X=CHj;
8b R = n-octyl -0

8¢ R = n-decyl
8d R = n-dodecyl O O
CHs

Scheme 3. Schiff bases 9a-d and 10 a-dseries preparation.

10a R = n-hexyl (42%)
10b R = n-octyl (62%)
10c R = n-decyl (70%)
10d R = n-dodecyl (66%)

containing the less polar group methyl (CH;-) are shown and
were synthesized by condensation reaction of selected alde-
hydes 8a-d"¥ with anilines 5a and 7 a, respectively. The Schiff
bases were isolated as a solid powder after two or more crystal-
lizations in ethanol, followed by filtration of the imine solution
in DCM by Millipore filters. The yields of final imines are de-
pendent on how many cycles of filtration were done to remove
dusts, papers fibers, etc from the solution.

Four more polar Schiff bases containing bromine (Br-) 9 e-f
and n-butyloxy (n-BuO-) 10e-f, groups were also synthesized
as described in Scheme 4. Anilines 5b, 5d, 7b and 7d were
condensated with aldehyde 8b to give Schiff bases 9e, 9f, 10e
and 10f, respectively. Isolation and purification of the final
compounds were done the same way as described above.

The major problem associated to the Schiff bases is their
unstable behaviour under solution and when they undergo
thermal and photochemical analysis."” In this study, all data
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H
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CayyO 10f X = n-BuO (49%)

Scheme 4. Schiff bases 9 e-f and 10 e-f series preparation.
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which is the result of the partial hydrolysis of the samples when
left at room temperature for a long period of the time.

All synthesized Schiff bases displayed enantiotropic liquid
crystalline behaviour. Transitional properties were acquired by
Differential Scanning Calorimetry (DSC) and mesophase tex-
tures were analyzed by Polarized-light Optical Microscopy
(POM). Data obtained from DSC and POM was found to be very
similar in this study. For all isoxazolines, the DSC data was col-
lected during the second heating cycle. However, DSC data of
all isoxazole data was acquire during the first cycle upon heat-
ing. As evidenced by changes in the DSC profile during the first
cycle upon cooling, and by visual observation of the samples
under POM, they showed thermal decomposition during the
first cycle of heating. To the isoxazoles series, the clearing tem-

Table 1. Phase transition temperatures (°C) and enthalpy (kcal/mol) for molecules 9a-f and 10a-f.
N~
ry O~
R'O
H
R2
Entry R R? Cr, Cr, SmC SmA N |
9a CeHy5 Me . 143(8.70) . - . - . [135]* . 159(0.10) .
9b CgHyy Me D 132(3.60) o 140(2.40) o - . 149(0.20) 3 155(0.13) o
9c CioHy4 Me . 131(4.00) . 138(2.10) . - . 155(0.90) . - .
ad CioHas Me . 135(8.30) . . - . 154(1.60) . - .
9e CgH,; Br . 161(8.60) . - . - . 186(2.00) . - .
of CgHyy n-BuO . 138(5.80) . . - . - .
10a CeHys Me . 143(7.60) . - . - . - . 287(0.12) .
10b CgHyy Me . 141(8.80) . - . - . - . 278(0.17) .
10¢ CioHan Me . 125(5.60) . - . [140]% . . 253(0.11) .
10d CioHys Me . 107(11.40) . 127(10.20) . 178(0.10) . - . 255(0.27) .
10e CgHyy Br . 137(12.90) . - . - . 301(1.20) . - .
10f CgH,; n-BuO . 84(2.60) . 122(4.00) . 248(0.28) . - . - .
Scan rate: 10°C min™" for all samples; Cr denotes Crystal phase; SmC=Smectic C phase; SmA=Smectic A phase and N=Nematic phase. *Monotropic SmA and
SmC mesophase observed by POM on cooling are in brackets; The transition temperatures and enthalpy values were collected from a second heating scan to
the isoxazolines-BS and the first cycle for the isoxazole-BS.

from NMR analyses were acquired from freshly prepared sam-
ples. Samples kept in solution for a long time have shown the
well-known behaviour where solvolysis took place through
analysis and interpretation of the their 'THNMR spectrum sol-
ution in CDCl;. Interestingly, imines which have an isoxazoline
ring are less prone to hydrolysis in solution at room temper-
ature than imines containing an isoxazole ring. Thermal degra-
dation will be discussed in the liquid properties topics below.
Figure 2 shows the partial 'HNMR spectrum of 10c¢ in a sol-
ution of CDCl,. A signal at 8.5 ppm is assigned to iminic hydro-
gen and at 10.0 ppm is attributed to benzaldehyde. Absence of
this signal reveals that the samples are stable in a solution of
CDCl;. However, the signal at 10.0 ppm becomes visible and
more intense to the spectrum recorded from time to time,
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perature was obtained by DSC because the value is too high to
be observed by POM.

The transition temperatures, enthalpy values and meso-
phase sequences of Schiff bases 9a-f and 10a-f are presented
in Table 1. A bar graphic is also presented for all Schiff bases in
this study (Figure 3) to get a better view of their mesophase
nature (distribution) as well as the temperature range of the
mesophase for each Schiff base. A general overview is pre-
sented looking at data from Table 1 and the bar graphic in Fig-
ure 3. For all SBs, the temperatures at which the crystal melts to
mesophase begin around 120°C. For example, 10c displays a
transition of the crystal phase to liquid crystal mesophase at
125°C, which is the smaller transition temperature to the crys-
tal phase — mesophase observed in the two homologous ser-
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Figure 2. "HNMR spectrum solution in CDCl; (300 MHz) of Schiff base 10¢
from fresh solution (top) and old solution (bottom).
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Figure 3. Bar graphics for Schiff base liquid crystals 9a-f and 10a-f.

ies. Total mesophase range for SBs containing an isoxazoline
ring is smaller than SBs having an isoxazole ring, and the clear-
ing temperatures of SBs 10a—-f are higher than those of SBs
9a-f. The predominance of a nematic mesophase is observed
for members with small alkyl chains and X=CH; group. Mem-
bers with long alkyl chains favor the appearance of a layered
mesophase (SmA and SmC). For SBs with a terminal polar
group (X=Bromine) and with two alkyl chains as the terminal
group, smectogenic behaviour is favored. For both series 9a—f
and 10a-f, the nematic mesophase is present in the members
with a small number of carbon atoms. Nematic behaviour dis-
appears gradually with the increase of carbon atoms in the al-
kyl chain, while smectic mesophase emerges. Transition be-
tween crystal phases were observed for both series as
evidenced by sharp and intense peaks as seen in DSC thermo-
grams. The last two members 10e and 10f display typical
smectogenic behaviour, as expected. The texture of the meso-
phase® was identified by microscopy studies on cooling from
the isotropic liquid state of the samples.

Textures for SB 9a-d are shown in Figure 4. Upon cooling
from isotropic phase, 9a enters into enantiotropic nematic
phase with a bright schlieren texture, and a few seconds after,
the homeotropic texture (black areas) appears quickly and re-
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mains while the mesophase persists. This means that the long
molecular axes of the rod-shape of molecules are positioned
perpendicular to the glass. Pressing the cover slips gently, we
can induce the oscillation of the molecules, and visually the
samples flash spontaneously. Upon cooling at 135°C, a mono-
tropic transition from nematic to smectic A is seen through
POM. The texture is still homeotropic, but we can no longer see
the flashes and the sample becomes more viscous. 9b presents
two more carbon atoms in the terminal alkyl chain and its mes-
omorphic profile is similar to that of 9a. The transition to smec-
tic A mesophase now appears at DSC traces, and the meso-
phase range is 9°C. For 9c and 9d, nematic mesophase is
absent and only smectic A is seen, with a mesophase range of
17°C and 19°C, respectively. Figure 4c and 4d show fan focal-
conic and homeotropic textures of SmA mesophase. The next
two SBs 9e and 9f present bromine and n-butoxy, respectively.
For 9e, orthogonal SmA mesophase was observed with fan fo-
cal-conic and homeotropic textures (black areas), while 9f dis-
played a tilted SmC mesophase with broken focal conic texture
and Schlieren texture (gray color) upon cooling.

Thermal data from the second series of SBs 10a—f in Table 1
reveals how efficient the isoxazole ring is in the formation and
stability of the mesophases. In general, mesophase tendency of
SBs 9a-f and 10a-f is similar, with a predominance of a nem-
atic mesophase for the first members and a smectic mesophase
for the last members. However, the range of mesophases of SBs
containing an isoxazole ring is much bigger than SBs contain-
ing an isoxazoline ring. Transition temperature from crystal
phase to mesophase is very close for both series, while clearing
temperature is quite different. For example, the first members
of series 9a and 10a enter nematic mesophase at 143°C, and
they enter an isotropic state at 159°C and 287 °C, respectively.
This means that the temperature range of the nematic meso-
phase is much wider for isoxazole SBs than isoxazoline SBs. For
104, the range is AT=144°C, while for 9a AT=16°C, and con-
sequently, mesophase for 10a-f is more stable than for 9a-f.
Moving up to the superior members 10b, 10c and 10d, the
nematic mesophase range tends to be smaller. In this way,
ATy is 144°C, 137°C, 128°C and 77°C, for 10a, 10b, 10c and
10d, respectively. To compensate for the shortening of the
nematic mesophase range, smectic C mesophase appears for
10¢ (monotropic) and enantiotropic for 10d with AT, _ y of
the 51°C. It is interesting to note that the total mesophase
ranges of 10c and 10d are the same (128°C) if we take into
account the transition from crystal phase 1 to isotropic phase.
The same conclusion is also observed for smectogenic SBs 10e
and 10f with 164°C of the total mesophase range. Of course,
the clearing temperature and transition from crystal 1 to meso-
phase are not the same.

Figure 5 display the micrographs of the textures of N and
SmC mesophases for SBs 10c and 10d. When the sample of
10c is cooled from its isotropic phase, the nematic phase ap-
pears, exhibiting a planar thread-like texture, which is charac-
teristic of a liquid-crystalline nematic phase.?” Upon cooling,
droplets form, which grow and then coalesce to planar texture
as shown in Figure 5a and 5b, indicating a nematic phase due
to the parallel orientation of molecules to the glass substrate.

26 © 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 4. Representative optical textures for the mesophases behaviour of compounds (a) 9a at 159°C in the transition state from isotropic liquid to nematic;
(b) 9b at 155°C in the transition state from isotropic liquid to nematic; (c) 9c at 150 °C in the SmA mesophase and; (d) 9d at 150°C in the SmA mesophase.

Slowly reheating the sample again near the clearing temper-
ature, the texture becomes highly colored as the phase be-
comes more fluid, and the fluctuation of the nematic phase di-
rector occurs, causing the scintillation effect — flash effects or
sparks. This scintillation is rarely observed in any other meso-
phase. Upon cooling further, 10 c undergoes a two phase tran-
sition consecutively. Below the nematic transition temperature,
10c displays a nematic-like texture (marbled texture, Figure 5b
). The diagonal front line seen in Figure 5b during transition N
to SmC separates two mesophases — SmC (left) and N (right) at
140 °C. The SmC mesophase is only observed upon cooling. No
scintillation or flash effect is seen when the sample enters into
monotropic (unstable) SmC mesophase. For 10d, the transition
between the N and SmC mesophases is visible in both the
heating and cooling cycles, which means that mesophase sta-
bility is reached with the lengthening of the alkyl chain in the
terminal group. Figure 5¢ and 5d show the planar thread-like
texture of the nematic phase in the transition at 178°C be-
tween SmC (top) and N (bottom) upon cooling. For SBs 10 e-f,
upon cooling from isotropic state to mesophase, fan shaped
texture and broken fan focal-conic texture were observed in
the SmA and SmC mesophases, respectively.

The mesomorphic behaviours of 9a-f and 10a-f can un-
derstood in terms of the structural and electronic parameters

ChemistrySelect 2016, 1, 23-29 Wiley Online Library

present in SBs. Nematic mesophase was observed for SBs with
methyl groups and the mesophase range decreases as the ter-
minal alkoxy chain becomes longer. Nematic mesophase range
is more pronounced for 10a-f. The largest value is observed in
10a and progressively diminishes as the number of carbon
atoms increase in the alkyl chain. In general, 9a—f are less
mesogenic due to the non-planarity of the isoxazoline ring,
while for 10a-f, planarity is reached through the oxidation
step. The torsional angle value for the phenyl ring and isoxazo-
line ring were determined by single crystal X-resolution of one
intermediate obtained for us. The phenyl group is almost per-
pendicular to the isoxazoline ring with a torsional angle of 99°
and, the angle between the isoxazoline and phenyl groups by
carbon atom C5 is 119°.%? Thus, the structural data does not
favor mesophase formation in an isoxazoline system. However,
by use of the elongating molecular strategy"", it is possible to
favor the molecular dimension length-to-breath ratio in LC sys-
tem by the installation of more anisotropic groups.””

The flatness and co-planarity of the heterocyclic ring is well-
known and documented, and the structural parameters are to
be considered in the discussion of liquid crystals properties."*¥
Despite the geometrical constrains of 9a-f, imine groups im-
pose on the final chemical structure additional orientational or
positional order. Positional short-range order is gain along with

27 © 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 5. Representative optical textures for the mesophases behaviour of compounds 10c¢ at (a) 253 °C in the transition from isotropic liquid to nematic and
at (b) 140°C in the transition from nematic to SmC; 10d at (c) 255 °C in the transition from isotropic liquid to nematic and at (d) 178°C in the transition from
nematic to SmC mesophase. Droplet formation on cooling an isotropic to Nematic phase is seen in (a) and (c).

orientational long-range order when we compare SBs derived
from isoxazolines and isoxazoles. Strong m-stacking in the lat-
tice is observed in crystal phase between two adjacent iso-
xazole rings.”” Classical rod-shaped or bent-shaped LC is as
elongated as possible through self-organization in the meso-
phase through intermolecular interaction or segregation ef-
fects. For SBs containing the isoxazole ring, the double 7 bond,
at carbon atoms C4 and C5, the isoxazoline geometry changes
from envelope to planar in the isoxazole ring. This leads to the
conclusion that the molecules with isoxazole nuclei have big-
ger orientational long-range and positional short-range orders
to explain the wide temperature range over which nematic and
smectic phase are stable. Figure 6 describes the electron dis-
tributions in the canonical structures represented by long and
short anisotropic cores. The resonance forms of SBs are more
important to the core that contains the imine group. The ex-
tended conjugation over isoxazole and the imine group (left
side, orange colour) is superior to the conjugation with the
phenyl group (right side, blue colour). The SBs with methyl
groups has a strong longitudinal dipole located on the iso-
xazole ring which favors the appearance of a nematic phase.
For more polar groups located on the phenyl group, such as
the bromine and alcoxy groups, the longitudinal dipole com-

ChemistrySelect 2016, 1, 23-29 Wiley Online Library

petes with the lateral dipole that comes from the 4-alcox-
yphenyl group in the SBs with a smectic mesophase preference
in detrimental to the nematic phase.

DSC traces of SBs 9d and 10d are shown in Figure 7. Schiff
bases containing the isoxazoline and isoxazole rings undergo
thermal heating and cooling cycles with distinct responses. For
SB 9d, it was possible (Figure 7, top) to note that they resist
the many heating/cooling cycles. Upon heating, samples of
9a-f melt to mesophase and with further heating they enter
the isotropic phase. Upon cooling from the isotropic phase,
they entry the corresponding mesophase, followed by tran-
sition to the crystal phase represented by the sharp peak at
118°C, which corresponds to the crystallization temperature of
the sample. Repetitive DSC cycles could be done with Schiff
bases containing the isoxazoline ring without changes to the
DSC profile. For SBs 10a-f, DSC traces change drastically upon
heating and cooling. Figure 7 (bottom) displays the thermo-
gram of the heating and cooling cycle for 10d. We can see that
during the first heating cycle, the sample presents two sharp
peaks related to the crystal phase transition and two small
peaks located at 178°C and 255°C, related to the transition
temperature between mesophase SmC and N, respectively.

28 © 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 6. Delocalization of electrons over imine-isoxazole (orange colour)
and phenyl-isoxazole (blue colour) of the Schiff base.

However, samples experience thermal degradation after
they enter the isotropic state. Upon cooling, samples should
have the same thermal profile of the heating cycle. However,
the baseline in Figure 7 (bottom) does not show any peaks re-
lated to the transitions between phases or mesophases. All the
thermal data (temperatures, enthalpy and entropy) were lost,
and the texture of the mesophase remains uncertain for sam-
ples belonging to series 10a-f. The thermal degradation ob-
served is a consequence of the high value of the clearing tem-
perature of the SBs in series 10a—f. To reach isotropic state, it is
necessary to supply much more heat to the molecules belong-
ing to the Schiff bases containing an isoxazole ring as a result
of the better packing of this kind of molecules when compared
with series of SBs containing an isoxazoline ring. Despite the
thermal instability of SBs, it is worth highlighting the huge
mesophase ranges for 10a-f, which open up new oppor-
tunities and new challenges in how to heal or to fix this chem-
ical defect presented by the Schiff bases here. This task should
be done without disturbing or destroying the mesophase
found in the primitive Schiff bases, as demonstrated by 10a-f.

Conclusions

In summary, we have synthesized a collection of Schiff bases
derived from isoxazolines 9a-f and isoxazoles 10a-f. All SBs
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Figure 7. DSC traces for Schiff bases 9d and 10d with the corresponding
mesophase texture. Transition temperature of the peak is showed. In Table 1,
Tonset was considered.

displayed liquid-crystalline behaviour. Both series of LCs
showed N, SmA and SmC mesophase. The mesophase temper-
ature range, as well as the thermal stability, are dependent on
the nature of 5-membered ring connected to the imine group.
Isoxazoline SBs 9a-f are more resistant to the thermal decom-
position than isoxazoles SBs. However, isoxazoles SBs 10a-f
displayed a large mesophase range (10e, T=164°C) and high
clearing temperature (>250°C).
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Experimental Section

Instruments and Techniques. 4-Nitrobenzaldehyde, 1-bromoalkanes,
hydroxylamine hydrochloride, hypochlorite acid, K>COs, sodium acetate,
ethanol, chloroform, 4-X-styrenes, acetonitrile and toluene were used without
further purification from Aldrich. All other commercial solvents and reagents
were used without further purification. The melting points and mesophase
transition temperatures and textures of the samples were measured on a
Mettler Toledo FP82HT Hot Stage FP90 Central Processor and DSC 2910 TA
Instruments. Nuclear magnetic resonance spectra were obtained on a Varian
Inova 300, Varian VNMRs 300, Varian VNMRs 500 or Bruker Avance 400.
Chemical shift are given in parts per million (&) and are referenced from
tetramethylsilane (TMS). Infrared spectra were recorded on a Perkin-Elmer
Spectrum One FTIR Spectrometer Instruments using NaCl plates in case of
solids and as thin film supported between NaCl plates in case of liquids and are
reporter as wavenumber (cm™'). CHN analyses were performed on a Perkin-
Elmer 2400 CHN Elemental Analyzer. High resolution mass spectrometry
(HRMS) spectra were obtained from a Fourier transform ion cyclotron
resonance (FT-ICR) mass spectrometer equipped with an Infinity™ cell, a 7.0
Tesla superconducting magnet, an RF-only hexapole ion guide and an external
electrospray ion source (off axis spray) and with ESI(+)-MS and tandem ESI(+)-
MS/MS using a hybrid high-resolution and high accuracy MicroTOF-Q |l mass
spectrometer (Bruker Daltonics), or on a Micromass Q-TOFmicro instrument.

Synthesis of aldoxime. To 4-nitrobenzaldehyde (0.15 g, 1 mmol) and
hydroxylamine hydrochloride (0.069 g, 1 mmol) were added 2 mL of ethanol.
The reaction mixture was stirred for 1 minute and then sodium acetate (0.082 g,
1 mmol) in water (1 mL) was added. The mixture was heated at reflux during 1
hour. The reaction mixture was cooled and the white crystals were filtered off,
washed with 50 mL of EtOH/H>O mixture (15:35 mL) and dried under a reduced
pressure.

(E)-4-nitrobenzaldoxime (2): Yield: 0.15 g, 91%; Yellow solid; Mp 128-129 °C
(lit. mp 132-133 °C!*®)): 'H NMR (300 MHz, CDCl3) & = 8.27 (d, J = 8.9 Hz, 2H);
8.23 (s, 1H); 7.98 (s, 1H); 7.77 (d, J = 8.8 Hz, 2H); *C NMR (75 MHz, CDCls) &
148.48, 148.37, 138.16, 127.67, 124.07.

Cycloaddition reactions. 4-nitrobenzaldoxime (0.16 g, 1 mmol) and DCM (4
mL) were mixtured until complete dissolution. The dipolarophile 3a-c (0,12 g3a,
0,18 g3b, 0,16 g3c, 1 mmol) was than added. Under vigorous stirring, the
hypochlorite acid was added dropwise. The reaction was then stirred at room
temperature for 30 min. The solution was washed with water (1x10 mL) and
brine (2x10 mL) and dried over Na,SO,4. The filtrate was evaporated under a
reduced pressure and the residue was purified by recrystalization from ethanol.

3-(4-Nitrophenyl)-5-(4-methylphenyl)isoxazoline (4a): Yield: 0.24 g, 85%;
Yellow solid; mp 116 °C; (Iit"® mp 122 °C); '"H NMR (300 MHz, CDCls): § =
8.29 (d, J = 9.0 Hz, 2H); 7.88 (d, J = 9.0 Hz, 2H); 7.30 (d, J = 8.2 Hz, 2H); 7.23
(d, J = 7.9 Hz, 2H); 5.82 (dd, Jeis = 11.1 Hz, Jyans = 8.6 Hz, 1H); 3.81 (dd, Jyem=
16.7, Jois= 11.1 Hz, 1H); 3.38 (dd, Jgen= 16.7 Hz, Jyans = 8.6 Hz, 1H); 2.39 (s,
2H). IR (vmax in cm’") = 3111, 2939, 1512, 1350, 916, 850, 800, 750.



3-(4-Nitrophenyl)-5-(4-bromophenyl)isoxazoline (4b): Yield: 0.24 g, 67%;
White solid; mp 132 °C (lit!"®! mp 132 °C); 'H NMR (300 MHz, CDCls): = 8.30
(d, J = 9.0 Hz, 2H); 7.87 (d, J = 9.0 Hz, 2H); 7.55 (d, J = 8.5 Hz, 2H); 7.30 (d, J
= 8.6 Hz, 2H); 5.82 (dd, Juis = 11.2 Hz, Jyrans= 8.3 Hz, 1H); 3.85 (dd, Jgem = 16.7
Hz, Jos= 11.2 Hz, 1H); 3.35 (dd, Jgem= 16.7 Hz, Jyans= 8.3 Hz, 1H); ®*C NMR (75
MHz, CDCls) & 154.63, 148.54, 139.21, 135.30, 132.06, 127.53, 127.49,
124.08, 122.54, 119.80, 82.89, 42.53. IR (Vmax in cm’') = 3088, 2927, 1579,
1510, 1340, 908, 846.

3-(4-Nitrophenyl)-5-(4-acetoxyphenyl)isoxazoline (4c): Yield: 0.32 g, 97%;
White solid; mp 143-144 °C; '"H NMR (300 MHz, CDCl3): 6 =8.30 (d, J = 8.7 Hz,
2H); 7.88 (d, J = 8.6 Hz, 2H); 7.43 (d, J = 8.7 Hz, 2H); 7.15 (d, J = 8.5 Hz, 2H);
5.86 (dd, Jeis = 11.1 Hz, Jyans= 8.3 Hz, 1H); 3.84 (dd, Jgem= 16.7 Hz, Jys= 11.2
Hz, 1H); 3.39 (dd, Jgem= 16.7 Hz, Jyans= 8.2 Hz, 1H); 2.33 (s, 3H); *C NMR (100
MHz, CDCl;) & 169.42, 154.71, 150.73, 148.51, 137.75, 135.45, 127.48,
127.02, 124.04, 122.11, 83.05, 42.48, 21.10. IR (Vmax in cm™) = 3076, 1749,
1577, 1510, 1350, 1219, 912, 846, 750; HRMS (ESI) m/z [M + H]* calcd. for
C17H14N205+: 327.0980; found: 327.0952.

General procedure for oxidation reaction. To a flask adapted with a Dean-
Stark apparatus were added isoxazolines (0.34 g, 4a; 0.42 g, 4b; 0.39 g, 4¢; 1.2
mmol), toluene (25 mL) and y-MnO. (2.5 g, 28.7 mmol). The mixture was
heated under reflux for 10 hours. After cooled, the reaction mixture was filtered
over celite and the solvent was removed. The crude product was recrystallized
from ethanol to give the pure product as a solid.

3-(4-Nitrophenyl)-5-(4-methylphenyl)isoxazole (6a): Yield: 029 ¢
86%:Yellow solid; mp 180 °C (lit"®! mp 182.5 °C); '"H NMR (400 MHz, CDCls):
8 = 8.36 (d, J = 8.8 Hz, 2H); 8.07 (d, J = 8.8 Hz, 2H); 7.76 (d, J = 8.2 Hz, 2H);
7.34 (d, J = 8.1 Hz, 2H); 6.86 (s, 1H); 2.45 (s, 3H); *C NMR (75 MHz, CDCls) &
171.61, 161.07, 148.60, 141.10, 135.30, 129.81, 127.67, 127.61, 125.80,
124.18,96.84, 21.53. IR (vmax in cm™) = 1662, 1516, 1336, 852, 800.

3-(4-Nitrophenyl)-5-(4-bromophenyl)isoxazole (6b): Yield: 0.24 g, 58%;
White solid; mp 223 °C (lit'"®! mp 224.8 <C); 'H NMR (300 MHz, CDCls): & =
8.39 (d, J=9.0 Hz, 2H); 8.08 (d, J = 9.0 Hz, 2H); 7.76 (d, J = 8.8 Hz, 2H); 7.68
(d, J = 8.8 Hz, 2H); 6.94 (s, 1H). IR (vmaxincm™ ) = 1579, 1510, 1338, 908, 846.

3-(4-Nitrophenyl)-5-(4-acetoxyphenyl)isoxazole (6c): Yield: 0.20 g, 52%;
White solid; mp 181-183 °C; "H NMR (300 MHz, CDCl3): 6 =8.35 (d, J = 8.8 Hz,
2H); 8.04 (d, J = 8.9 Hz, 2H); 7.87 (d, J = 8.7 Hz, 2H); 7.26 (d, J = 8.7 Hz, 2H);
6.87 (s, 1H); 2.34 (s, 3H); ®*C NMR (75 MHz, CDCls) 5 170.64, 169.12, 161.24,
152.36, 148.73, 135.11, 127.70, 127.24, 124.62, 124.27, 122.54, 97.53, 21.18.
IR (Vmax in cm') = 1747, 1514, 1342, 1222; HRMS (ESI) m/z [M + H]* calcd. for
C17H13N205+Z 325.0824; found: 325.0784.

General procedure for deprotection reaction. To a flask were added 4c¢ (0.32
g, 1 mmol) or 6¢ (0.32 g, 1 mmol), potassium hydroxide (0.067 g, 1.2 mmol)
and the solvents ethanol/water 1:1 (10 mL). The mixture was stirred and heated
under reflux for 1 hour. At the end, the mixture was poured in cooled water. The



reaction was acidified hydrochloric acid until pH 5 — 6. The precipitated was
filtrated, washed with distillated water and evaporated under a reduced
pressure.

3-(4-Nitrophenyl)-5-(4-hydroxiphenyl)isoxazoline: Yield: 0.27 g, 95%; Yellow
solid; mp 194 °C; "H NMR (300 MHz, Acetone-d®): § = 8.35 (d, J = 8.8 Hz, 2H);
8.05 (d, J = 8.8 Hz, 2H); 7.33 (d, J = 8.7 Hz, 2H); 6.89 (d, J = 8.5 Hz, 2H); 5.80
(dd, Jeis= 11.0 Hz, Jyans= 9.3 Hz, 1H); 3.95 (dd, Jgem= 17.1 Hz, Jeis= 11.0 Hz,
1H); 3.51 (dd, Jgem= 17.1 HZ, Jirans= 9.3 Hz, 1H); IR (Vmax in cm') = 3439, 3078,
2910, 1516, 1342, 908, 854; HRMS (ESI) m/z [M + H]* calcd. for C15H13N2O4™:
285.0875; found: 285.0864.

3-(4-Nitrophenyl)-5-(4-hydroxiphenyl)isoxazole: Yield: 0.24 g, 83%: Yellow
solid; mp 240-242 °C (1it"®! mp 241 °C); '"H NMR (300 MHz, Acetone-d®): & =
8.42 (d, J = 8.6 Hz, 2H); 8.25 (d,J = 8.6 H, 2Hz); 7.83 (d, J = 8.6 Hz, 2H); 7.35
(s, 1H); 7.06 (d, J = 8.6 Hz, 2H); 3.02 (sl, 1H); *C NMR (75 MHz,Acetone-d®) &
= 171.59, 161.24, 160.01, 148.78, 135.58, 127.75, 127.56, 124.14, 118.64,
116.11, 96.23.

Alkylation reactions.The alkylation procedure was made according to the
literature.'® To 4 mL acetonitrile (CHsCN) and 3-(4-nitrophenyl)-5-(4-
hydroxiphenyl)isoxazoline (0.28 g, 1 mmol) or 3-(4-nitrophenyl)-5-(4-
hydroxiphenyl)isoxazole (0.28 g, 1 mmol) was added potassium carbonate
(0.16 g, 1.2 mmol). The solution was stirred at room temperature for 1h and
then the bromobutane (0.26 g, 1.2 mmol) was added. The reaction mixture was
refluxed for 8 h and the precipitate was filtered off. The filtrate was evaporated
in vacuum and purified by recrystallization.

3-(4-Nitrophenyl)-5-(4-n-butoxyphenyl)isoxazoline: Yield: 0.31 g, 91%;
White solid; '"H NMR (300 MHz, CDCls): § = 8.20 (d, J = 9.0 Hz, 2H); 7.79 (d, J
= 9.0 Hz, 2H); 7.23 (d, J = 8.7 Hz, 2H); 6.84 (d, J = 8.8 Hz, 2H); 5.70 (dd, J.is =
11.0 Hz, Jyans = 8.8 Hz, 1H); 3.89 (t, J = 6.5 Hz, 2H); 3.68 (dd, Jgem= 16.7, Jcis=
11.1 Hz, 1H); 3.28 (dd, Jgem= 16.7 Hz, Jyans = 8.8 Hz, 1H); 1.70 (m, 2H); 1.41
(m, 2H); 0.90 (t, J = 7.4 Hz, 3H). IR (Vmax in cm™ ) = 2954, 2926, 1608, 1512,
1346, 1247, 923, 850; HRMS (ESI) m/z [M + H]" calcd. for CigH21N2O4":
341.1501; found: 341.1464.

3-(4-Nitrophenyl)-5-(4-n-butoxyphenyl)isoxazole: Yield: 0.28 g, 83%; Brown
solid; mp Cr 135 °C SmA 170 °C |; '"H NMR (300 MHz, CDCls): § = 8.37 (d,J =
9.0 H, 2Hz); 8.07 (d, J = 9.0 Hz, 2H); 7.80 (d, J = 9.0 Hz, 2H); 7.08 (d, J = 9.0
Hz, 2H); 6.79 (s, 1H); 4.06 (t, J = 6.5 Hz, 2H); 1.82 (m, 2H); 1.53 (m, 2H); 1.02
(t, J = 7.4 Hz, 3H); "*C NMR (75 MHz, CDCls) & 171.52, 161.09, 161.07,
148.61, 135.43, 127.60, 127.48, 124.17, 119.44, 115.01, 95.94, 67.93, 31.17,
19.20, 13.81. IR (vmax in cm™ ) = 3107, 2941, 1616, 1521, 1452, 1348, 1263,
810; HRMS (ESI) m/z [M + H]" calcd. for CigH1gN2O4*: 339.1344; found:
339.1290.

Reduction reaction. Into a flask with nitrogen atmosphere, were added the
isoxazolines (0.28 g, 1 mmol, 4a; 0.34 g, 1 mmol, 4b) or the isoxazoles (0.28 g,
1 mmol, 6a; 0.34 g, 1 mmol, 6b), tin(ll) chloride dihydrated (5.0 mmol) and the
solvent ethanol absolute (25 mL). The reaction was stirred under reflux for 2



hrs. After cooled, it was stirred at 0 °C during 1 h. The mixture was diluted with
water and the pH was adjusted to 7 - 8 with a saturated solution of sodium
bicarbonate. The product was extracted with ethyl acetate (6 x 10 mL). The
organic fraction was washed with brine (2 x 5 mL), dried with Na,SQ,, filtrated
and the solvent was evaporated.

3-(4-Aminophenyl)-5-(4-methylphenyl)isoxazoline (5a): Yield: 0.23 g, 89%;
Orange solid; '"H NMR (300 MHz, CDCls): § = 7.42 (d, J= 8.7 Hz, 2H); 7.21 (d, J
= 8.2 Hz, 2H); 7.10 (d, J = 7.9 Hz, 2H); 6.60 (d, J = 8.7 Hz, 2H); 5.57 (dd, Jgis =
10.8 Hz, Jirans = 8.3 Hz, 1H); 3.63 (dd, Jgem = 16.5 Hz, Jiis = 10.8 Hz, 1H); 3.20
(dd, Jgem = 16.5 Hz, Jyans = 8.3 Hz, 1H); 2.27 (s, 3H); 1.68 (sl, 2H); *C NMR
(100 MHz, CDCl3) 6 156.15, 148.43, 138.22, 137.90, 129.38, 128.26, 125.98,
119.41, 114.73, 82.05, 43.44, 21.18. IR (Vmax in cm’') = 3462, 3317, 3215, 1631,
1606, 1519, 1354, 1305, 1180, 889, 812, 536; HRMS (ESI) m/z [M + H]" calcd.
for C1gH17N>O*: 253.1340; found: 253.1340.

3-(4-Aminophenyl)-5-(4-bromophenyl)isoxazoline (5b): Yield: 0.22 g, 70%;
Yellow solid; '"H NMR (300 MHz, CDCl3): 6 = 7.52 (d, J = 8.5 Hz, 2H); 7.51 (d, J
= 8.7 Hz, 2H); 7.29 (d, J = 8.2 Hz, 2H + CDCl3); 6.70 (d, J = 8.8 Hz, 2H); 5.66
(dd, Jeis = 10.9 Hz, Jyans = 7.9 Hz, 1H); 3.94 (s, 2H); 3.76 (dd, Jgem = 16.5 Hz,
Jois = 10.8 Hz, 1H); 3.26 (dd, Jgem = 16.5 Hz, Jirans = 7.8 Hz, 1H); 3C NMR (100
MHz, CDCl;) & 156.01, 148.55, 140.40, 136.49, 131.81, 128.30, 127.63,
119.02, 114.72, 81.25, 43.54. IR (vmax in cm™') = 3408, 3323, 3211, 1602, 1516,
1356, 889, 815, 542; HRMS (ESI) m/z [M + H]" calcd. for CisH14BrN.O™:
317.0289; found: 317.0256.

3-(4-Aminophenyl)-5-(4-n-butoxyphenyl)isoxazoline (5d): Yield: 0.28 g,
91%; Brown solid; mp 87-88 °C; '"H NMR (300 MHz, CDCl3): 6 =7.52 (d, J= 8.6
Hz, 2H); 7.33 (d, J = 8.8 Hz, 2H); 6.91 (d, J = 8.7 Hz, 2H); 6.70 (d, J = 8.6 Hz,
2H); 5.64 (dd, Jeis = 10.7 Hz, Jians = 8.6 Hz, 1H); 3.98 (t, J = 6.5 Hz, 2H); 3.93
(s, 2H); 3.70 (dd, Jgem = 16.5 Hz, Jcis = 10.7 Hz, 1H); 3.30 (dd, Jgem = 16.5 Hz,
Jirans = 8.5 Hz, 1H); 1.78 (m, 2H); 1.51 (m, 2H); 0.99 (t, J = 7.4 Hz, 3H); *C
NMR (75 MHz, CDCl;) & 159.07, 156.19, 148.37, 132.84, 128.20, 127.38,
119.39, 114.69, 114.62, 81.97, 67.74, 43.24, 31.27, 19.23, 13.87. IR (Vmax in
cm™) = 3450,3383, 3213, 2954, 1610, 1514, 1356, 1249, 887, 825, 545; HRMS
(ESI) m/z[M + HJ" calcd. for C1gH23N202": 311.1759; found: 311.1743.

3-(4-Aminophenyl)-5-(4-methylphenyl)isoxazole (7a): Yield: 0.16 g, 64%;
Brown solid; mp 147 C; 'H NMR (300 MHz, CDCl3): 6 = 7.74 (d, J = 8.2 Hz,
2H); 7.69 (d, J = 8.7 Hz, 2H); 7.30 (d, J = 8.0 Hz, 2H); 6.77 (d, J = 8.7 Hz, 2H);
6.72 (s, 1H); 3.92 (sl, 2H); 2.43 (s, 3H);"*C NMR (100 MHz, CDCI3) 5 170.04,
162.82, 148.09, 140.29, 129.63, 128.09, 125.75, 125.01, 119.30, 114.99, 96.53,
21.49; HRMS (ESIl) m/z [M + H]" calcd. for CigHisN.O": 251.1184; found:
251.1176.

3-(4-Aminophenyl)-5-(4-bromophenyl)isoxazole (7b): Yield: 0.28 g, 91%;
White solid; mp 192 °C; 'H NMR (300 MHz, CDCl3): 6 = 7.72 (d, J = 8.7 Hz,
2H); 7.68 (d, J = 8.7 Hz, 2H); 7.64 (d, J = 8.8 Hz, 2H); 6.78 (d, J = 8.7 Hz, 2H);
6.77 (s, 1H); 3.93 (s, 2H); HRMS (ESI) m/z [M + H]" calcd. for Ci5H12BrN-O™:
315.0133; found: 315.0122.



3-(4-Aminophenyl)-5-(4-n-butoxyphenyl)isoxazole (7d): Yield: 0.11g, 35%;
Brown solid; mp 170 °C; 'H NMR (300 MHz, CDClg): 6 = 7.77 (d, J = 8.9 Hz,
2H); 7.69 (d, J = 8.7 Hz, 2H); 7.00 (d, J = 9.0 Hz, 2H); 6.77 (d, J = 8.7 Hz, 2H);
6.64 (s, 1H); 4.04 (t, J = 6.5 Hz, 2H); 3.90 (broad, 2H); 1.82 (m, 2H); 1.54 (m,
2H); 1.02 (t, J = 7.4 Hz, 3H); *C NMR (100 MHz, CDCls) 5 169.92, 162.82,
160.62, 148.08, 128.07, 127.35, 120.29, 119.34, 114.99, 114.86, 95.69, 67.87,
31.22, 19.23, 13.84.

Preparation of the aldehydes. Alkylation was performed as described above
for the alkylation procedure for 5d and 7d, respectively.['®®d The purification
was made with silica column and dichloromethane as a solvent.

4-Hexyloxybenzaldehyde (8a): Yield: 1.8 g, 87%; Colorless liquid; '"H NMR
(400 MHz, CDCl3): 6 = 9.87 (s, 1H); 7.82 (d, J = 8.6 Hz, 2H); 6.98 (d, J = 8.8 Hz,
2H); 4.03 (t, J = 6.6 Hz, 2H); 1.81 (qt, 2H); 1.47 (qt, 2H); 1.34 (m, 4H); 0.91 (t, J
=7.1 Hz, 3H).

4-Octyloxybenzaldehyde (8b): Yield: 1.2 g, 50%; Colorless liquid; '"H NMR
(300 MHz, CDCl3): 6 = 9.89 (s, 1H); 7.84 (d, J = 8.9 Hz, 2H); 7.01 (d, J = 8.7 Hz,
2H); 4.05 (t, J = 6.6 Hz, 2H), 1.83 (qt, 2H); 1.38 (m, 10H); 0.91 (t, J = 6.8 Hz,
3H).

4-Decyloxybenzaldehyde (8¢c): Yield: 2.0 g, 77%; Colorless liquid; '"H NMR
(300 MHz, CDCl3): 6 = 9.89 (s, 1H); 7.84 (d, J = 8.9 Hz, 2H); 7.01 (d, J = 8.7 Hz,
2H); 4.06 (t, J = 6.6 Hz, 2H), 1.83 (m, 2H); 1.44 (m, 14H); 0.90 (t, J = 6.7 Hz,
3H).

4-Dodecyloxybenzaldehyde (8d): Yield: 1.8 g, 64%; Colorless liquid; 'H NMR
(400 MHz, CDCl3): 6 = 9.89 (s, 1H); 7.84 (d, J = 8.8 Hz, 2H); 7.00 (d, J = 8.7 Hz,
2H); 4.05 (t, J = 6.6 Hz, 2H), 1.82 (qt, 2H); 1.48 (qt, 2H); 1.34 (m, 16H); 0.90 (t,
J=6.9 Hz, 3H).

Synthesis of the Schiff bases. General procedure. Amine (1 mmol) and
aldehyde (1 mmol) were dissolved in ethanol (50 mL). One drop of glacial acetic
acid was added and the mixture was refluxed for 2 hours. After cooling, the
solid product was filtrated and recrystalized in ethanol. To remove dusts, paper
fibers, etc, the solid was added to dichloromethane and solution was filtered
using Millipore filters. The solvent was evaporated and the solid was washed
with cold ethanol, filtered and store under vacuum for 4 hours.

(E)-N-[4-(hexyloxy)benzylidene]-4-[5-(p-tolyl)isoxazoline-3-yl]aniline (9a):
Yield: 0.26 g, 59%; White solid; mp Cr (135°C) SmA 144°C N 159°C I; H NMR
(400 MHz, CDCl3): 6 = 8.40 (s, 1H); 7.87 (d, J = 8.8 Hz, 2H); 7.73 (d, J = 8.5 Hz,
2H); 7.33 (d, J = 8.1 Hz, 2H); 7.24 (d, J = 8.5 Hz, 2H); 7.21 (d, J = 8.0 Hz, 2H);
7.01 (d, J=8.8 Hz, 2H); 5.72 (dd, Jcis = 10.8 Hz, Jprans = 8.5 Hz, 1H); 4.05 (t, J =
6.6 Hz, 2H); 3.77 (dd, Jgem = 16.6 Hz, Jgs = 10.9 Hz, 1H); 3.36 (dd, Jgem = 16.6
Hz, Jians = 8.5 Hz, 1H); 3.13 (s, 3H); 1.84 (m, 2H); 1.51 (m, 2H); 1.39 (m, 4H);
0.95 (t, J = 7.0 Hz, 3H); *C NMR (100 MHz, CDCl;) 5 162.20, 160.30, 155.89,
153.90, 138.04, 137.94, 130.75, 129.43, 128.78, 127.74, 126.72, 125.96,
121.32, 114.78, 82.58, 68.27, 43.17, 31.59, 29.15, 25.71, 22.62, 21.18, 14.07;



Elem. anal. calcd for CogH3oN2Os: C, 79.11; H, 7.34; N, 6.36; found: C, 79.05; H,
6.92;: N, 6.57.

(E)-N-[4-(octyloxy)benzylidene]-4-[5-(p-tolyl)isoxazoline-3-yl]laniline  (9b):
Yield: 0.34 g, 73%; White solid; mp Cry 135 °C Cr> 140 °C SmA 149 °C N 155
°C I; '"H NMR (400 MHz, CDCls): & = 8.40 (s, 1H); 7.87 (d, J = 8.7 Hz, 2H); 7.73
(d, J=8.5Hz, 2H); 7.33 (d, J = 8.1 Hz, 2H); 7.24 (d, J = 8.6 Hz, 2H); 7.21 (d, J
= 8.1 Hz, 2H); 7.01 (d, J = 8.8 Hz, 2H); 5.72 (dd, J.is = 10.8 Hz, Jirans = 8.5 H,
1Hz); 4.05 (t, J = 6.6 Hz, 2H); 3.77 (dd, Jgem = 16.6 Hz, Juis = 10.9 Hz, 1H); 3.36
(dd, Jgem = 16.6 Hz, Jirans = 8.5 Hz, 1H); 2.38 (s, 3H); 1.84 (qt, 2H); 1.51 (m, 2H);
1.37 (m, 8H); 0.94 (t, J = 6.9 Hz, 3H); '*C NMR (100 MHz, CDCl3) & 162.20,
160.28, 155.89, 153.89, 138.03, 137.94, 130.76, 129.44, 128.79, 127.74,
126.72, 125.97, 121.33, 114.78, 82.59, 68.27, 43.17, 31.84, 29.38, 29.26,
29.20, 26.05, 22.69, 21.19, 14.15; Elem. anal. calcd for C31H3sN2O»: C, 79.51;
H, 7.76; N, 5.98; found: C, 79.86; H, 7.76; N, 6.08.

(E)-N-[4-(decyloxy)benzylidene]-4-[5-(p-tolyl)isoxazoline-3-yl]aniline (9c):
Yield: 0.40 g, 79%; White solid; mp Cry 131 °C Cr2 138 °C SmA 155 °C |; H
NMR (400 MHz, CDCl3): 6 = 8.41 (s, 1H); 7.87 (d, J = 8.8 Hz, 2H); 7.73 (d, J =
8.6 Hz, 2H); 7.33 (d, J = 8.1 Hz, 2H); 7.24 (d, J = 8.6 Hz, 2H); 7.22 (d, J = 8.0
Hz, 2H); 7.01 (d, J = 8.8 Hz, 2H); 5.72 (dd, J¢s = 10.8 Hz, Jirans = 8.5 Hz, 1H);
4.05 (t, J = 6.6 Hz, 2H); 3.76 (dd, Jgem = 16.6 Hz, Jcis = 10.9 Hz, 1H); 3.35 (dd,
Jgem = 16.6 Hz, Jyans = 8.5 Hz, 1H); 2.38 (s, 3H); 1.84 (qt, 2H); 1.51 (m, 2H);
1.37 (m, 12H); 0.93 (t, J = 6.9 Hz, 3H); *C NMR (75 MHz, CDCl3) 5 162.18,
160.32, 155.89, 153.87, 138.04, 137.93, 130.75, 129.43, 128.74, 127.74,
126.70, 125.96, 121.33, 114.77, 82.58, 68.26, 43.19, 31.94, 29.61, 29.60,
29.43, 29.37, 29.20, 26.05, 22.73, 21.21, 14.19; Elem. anal. calcd for
Ca3H4oN202: C, 79.86; H, 8.14; N, 5.64; found: C, 79.79; H, 7.99; N, 5.77.

(E)-N-[4-(dodecyloxy)benzylidene]-4-[5-(p-tolyl)isoxazoline-3-yl]laniline
(9d): Yield: 0.41 g, 78%; White solid; mp Cr 135°C SmA 154°C |; "H NMR (400
MHz, CDCl3): 6 = 8.40 (s, 1H); 7.87 (d, J= 8.5 Hz, 2H); 7.73 (d, J = 8.2 Hz, 2H);
7.32 (d, J=7.9 Hz, 2H); 7.24 (d, J = 8.9 Hz, 2H); 7.22 (d, J = 9.3 Hz, 2H); 7.00
(d, J =8.5Hz, 2H); 5.73 (dd, Jsis = 10.5 Hz, Jjyans = 8.7 Hz, 1H); 4.05 (t, J= 6.5
Hz, 2H); 3.78 (dd, Jgem = 16.6 Hz, Jois = 10.9 Hz, 1H); 3.36 (dd, Jgem = 16.6 Hz,
Jirans = 8.4 Hz, 1H); 2.38 (s, 3H); 1.83 (qt, 2H); 1.50 (m, 2H); 1.35 (m, 16H); 0.92
(t, J = 6.7 Hz, 3H); 3C NMR (100 MHz, CDCl3) & 162.20, 160.30, 155.88,
153.90, 138.04, 137.94, 130.74, 129.43, 128.77, 127.73, 126.71, 125.95,
121.31, 114.78, 82.58, 68.27, 43.18, 31.94, 29.68, 29.66, 29.62, 29.59, 29.40,
29.37, 29.18, 26.03, 22.71, 21.18, 14.15; Elem. anal. calcd for CssH44N20O5: C,
80.17; H, 8.46; N, 5.34; found: C, 79.90; H, 8.46; N, 5.43.

(E)-N-[4-(octyloxy)benzylidene]-4-[5-(4-bromophenyl)isoxazoline-3-

yllaniline (9e): Yield: 0.17 g, 33%; White solid; mp Cr 161 °C SmA 186 C |; 'H
NMR (400 MHz, CDCls): 6 = 8.40 (s, 1H); 7.86 (d, J = 8.8 Hz, 2H); 7.72 (d, J =
8.5 Hz, 2H); 7.53 (d, J = 8.5 Hz, 2H); 7.31 (d, J = 8.5 Hz, 2H); 7.24 (d, J = 8.5
Hz, 2H); 7.00 (d, J = 8.8 Hz, 2H); 5.72 (dd, Jcis = 10.9 Hz, Jirans = 8.0 Hz, 1H);
4.05 (t, J = 6.6 Hz, 2H); 3.82 (dd, Jgem = 16.6 Hz, Jos = 11.0 Hz, 1H); 3.32 (dd,
Jgem = 16.6 Hz, Jyans = 8.0 Hz, 1H); 1.84 (qt, 2H); 1.50 (m, 2H); 1.36 (m, 8H);
0.92 (t, J = 6.9 Hz, 3H); *C NMR (100 MHz, CDCl;) 5 162.23, 160.41, 155.79,
154.11, 140.10, 131.90, 130.75, 128.71, 127.77, 127.60, 126.30, 122.14,



121.36, 114.78, 81.77, 68.27, 43.32, 31.81, 29.35, 29.23, 29.17, 26.02, 22.67,
14.11; Elem. anal. calcd for C3oH33BrN-Os: C, 67.54; H, 6,23; N, 5.25; found: C,
66.98; H, 5.14; N, 5.28. 9e decomposed on attempted HRMS measurement,
and repeated elemental analysis on a freshly recrystallized sample did not
improve the agreement of the carbon found value with the calculated value.

(E)-N-[4-(octyloxy)benzylidene]-4-[5-(4-n-butoxyphenyl)isoxazoline-3-
yl]aniline (9f): Yield:0.41 g, 78%; White solid; mp Cr 138 °C SmC 159 °C I; 'H
NMR (400 MHz, CDCl3): 6 = 8.41 (s, 1H); 7.86 (d, J = 8.8 Hz, 2H); 7.74 (d, J =
8.6 Hz, 2H); 7.34 (d, J = 8.6 Hz, 2H); 7.24 (d, J = 8.6 Hz, 2H); 7.00 (d, J = 8.8
Hz, 2H); 6.92 (d, J = 8.7 Hz, 2H); 5.71 (dd, Jus = 10.8 Hz, Jirans = 8.7 Hz, 1H);
4.05 (t, J = 6.6 Hz, 2H); 3.99 (t, J = 6.5 Hz, 2H); 3.76 (dd, Jgem = 16.6 Hz, Jcis =
10.8 Hz, 1H); 3.37 (dd, Jgem = 16.6 Hz, Jians = 8.6 Hz, 1H); 1.81 (m, 4H); 1.50
(m, 4H); 1.35 (m, 8H); 1.00 (t, J = 7.4 Hz, 3H); 0.92 (t, J = 6.9 Hz, 3H); "*C NMR
(75 MHz, CDCl3) & 162.14, 160.29, 159.17, 155.92, 153.84, 132.54, 130.70,
128.70, 127.68, 127.36, 126.71, 121.28, 114.73, 114.67, 82.52, 68.23, 67.74,
42.99, 31.80, 31.27, 29.34, 29.22, 29.15, 26.00, 22.66, 19.22, 14.11, 13.85.
Elem. anal. calcd for CasH4oN2>Os3: C, 77.58; H, 8.06; N, 5.32; found: C, 78.07; H,
8.07; N, 5.45. 9f decomposed on attempted HRMS measurement, and repeated
elemental analysis on a freshly recrystallized sample did not improve the
agreement of the carbon found value with the calculated value.

(E)-N-[4-(hexyloxy)benzylidene]-4-[5-(p-tolyl)isoxazole-3-yl]aniline  (10a):
Yield: 0.18 g, 42%; White solid; mp Cr 143 *C N 287 C |; "H NMR (500 MHz,
CDCl3): 6 =8.43 (s, 1H); 7.90 (d, J = 8.3 Hz, 2H); 7.87 (d, J = 8.7 Hz, 2H); 7.75
(d, J=8.1 Hz, 2H); 7.31 (d, J = 7.4 Hz, 2H); 7.30 (d, J = 8.2 Hz, 2H); 7.00 (d, J
= 8.7 Hz, 2H); 6.80 (s, 1H); 4.04 (t, J = 6.6 Hz, 2H); 2.43 (s, 3H); 1.83 (qt, 2H);
1.50 (m, 2H); 1.38 (m, 4H); 0.93 (t, J = 6.9 Hz, 3H); *C NMR (75 MHz, CDCl3) &
170.51, 162.60, 162.13, 160.33, 153.84, 140.51, 130.72, 129.70, 128.79,
127.72, 126.32, 125.79, 124.81, 121.47, 114.75, 96.83, 68.25, 31.60, 29.15,
25.71, 22.63, 21.54, 14.08. Elem. anal. calcd for CsgH3oN-O5: C, 79.47; H, 6.91;
N, 6.39; found: C, 79.46; H, 6.90; N, 6.43.

(E)-N-[4-(octyloxy)benzylidene]-4-[5-(p-tolyl)isoxazole-3-yl]aniline (10b):
Yield: 0.29 g, 62%; White solid; mp Cry 121 °C Cr, 141 °C N 278 C |; '"H NMR
(500 MHz, CDCl3): 6 = 8.43 (s, 1H); 7.90 (d, J = 8.4 Hz, 2H); 7.87 (d, J = 8.7 Hz,
2H); 7.75 (d, J = 8.1 Hz, 2H); 7.31 (d, J = 7.6 Hz, 2H); 7.30 (d, J = 8.3 Hz, 2H);
7.00 (d, J = 8.7 Hz, 2H); 6.80 (s, 1H); 4.04 (t, J = 6.6 Hz, 2H); 2.43 (s, 3H); 1.83
(at, 2H); 1.49 (m, 2H); 1.35 (m, 8H); 0.91 (t, J = 6.9 Hz, 3H); '*C NMR (75 MHz,
CDCI) & 170.50, 162.59, 162.13, 160.32, 153.84, 140.50, 130.71, 129.70,
128.79, 127.71, 126.32, 125.78, 124.80, 121.46, 114.75, 96.83, 68.25, 31.84,
29.38, 29.26, 29.19, 26.03, 22.69, 21.54, 14.15. Elem. anal. calcd for
C31H34N-0s: C, 79.85; H, 7.36; N, 6.01; found: C, 78.81; H, 7.20; N, 6.09.

(E)-N-[4-(decyloxy)benzylidene]-4-[5-(p-tolyl)isoxazole-3-yl]aniline (10c)
Yield: 0.35 g, 70%; White solid; mp Cr 125 °C (140 °C SmC) N 253 °C I; 'H
NMR (300 MHz, CDCls): 6 = 8.43 (s, 1H); 7.91 (d, J = 8.7 Hz, 2H); 7.88 (d, J =
9.0 Hz, 2H); 7.76 (d, J = 8.2 Hz, 2H); 7.31 (d, J = 7.0 Hz, 2H); 7.31 (d, J = 8.5
Hz, 2H); 7.00 (d, J = 8.8 Hz, 2H); 6.80 (s, 1H); 4.04 (t, J = 6.6 Hz, 2H); 2.44 (s,
3H); 1.84 (qt, 2H); 1.47 (m, 2H); 1.31 (m, 12H); 0.92 (t, J = 6.7 Hz,3H); "°C
NMR (75 MHz, CDCl;) & 170.50, 162.59, 162.13, 160.30, 153.82, 140.49,



130.72, 129.70, 128.79, 127.71, 126.32, 125.78, 124.80, 121.48, 114.74, 96.83,
68.25, 31.94, 29.61, 29.60, 29.43, 29.37, 29.20, 26.04, 22.73, 21.54, 14.18;
Elem. anal. calcd for Ca3H3gN2Oo: C, 80.12; H, 7.74; N, 5.66; found: C, 79.50; H,
7.62; N, 5.68. 10c decomposed on attempted HRMS measurement, and
repeated elemental analysis on a freshly recrystallized sample did not improve
the agreement of the carbon found value with the calculated value.

(E)-N-[4-(dodecyloxy)benzylidene]-4-[5-(p-tolyl)isoxazole-3-yl]aniline (10d):
Yield: 0.35 g, 66%; White solid; mp Cry; 106 °C Cr, 126 °C SmC 178 °C N 255
°C I; '"H NMR (300 MHz, CDCls): & = 8.45 (s, 1H); 7.91 (d, J = 8.8 Hz, 2H); 7.88
(d, J=9.3Hz, 2H); 7.77 (d, J = 8.2 Hz, 2H); 7.32 (d, J = 8.6 Hz, 2H); 7.31 (d, J
= 8.6 Hz, 2H); 7.01 (d, J = 8.8 Hz, 2H); 6.82 (s, 1H); 4.05 (t, J = 6.6 Hz, 2H);
2.45 (s, 3H); 1.84 (qt, 2H); 1.48 (m, 2H); 1.33 (m, 16H); 0.91 (t, 3H); *C NMR
(75 MHz, CDCl3) & 170.51, 162.60, 162.13, 160.32, 153.85, 140.50, 130.71,
129.70, 128.79, 127.72, 126.32, 125.79, 124.81, 121.47, 114.75, 96.83, 68.25,
31.95, 29.70, 29.67, 29.63, 29.60, 29.42, 29.39, 29.19, 26.03, 22.73, 21.55,
14.17; Elem. anal. calcd for CssH42N202: C, 80.48; H, 8.12; N, 5.36; found: C,
80.62; H, 8.19; N, 5.49.

(E)-N-[4-(octyloxy)benzylidene]-4-[5-(4-bromophenyl)isoxazole-3-yl]aniline
(10e): Yield: 0.25 g, 47%; White solid; mp Cr 137 °C SmA 301 °C |; 'H NMR
(300 MHz, CDCl3): 6 = 8.41 (s, 1H); 7.87 (t, J= 8.4 Hz, 4H); 7.85 (t, J = 8.6 Hz,
4H); 7.71 (d, J = 8.6 Hz, 2H); 7.63 (d, J = 8.6 Hz, 2H); 7.28 (d, J = 8.5 Hz, 2H);
6.98 (d, J=8.7 Hz, 2H); 6.84 (s, 1H); 4.03 (t, J = 6.6 Hz, 2H); 1.82 (qt, 2H); 1.46
(m, 2H); 1.32 (m, 8H); 0.89 (t, J = 6.7 Hz, 3H); *C NMR (75 MHz, CDCl3) &
169.20, 162.74, 162.15, 160.36, 154.02, 132.27, 130.70, 128.74, 127.70,
127.26, 126.36, 125.92, 124.54, 121.48, 114.75, 97.79, 68.24, 31.79, 29.32,
29.21, 29.15, 25.99, 22.64, 14.08; Elem. anal. calcd for C3oH31BrN2O2: C, 67.96;
H, 5.91; N, 5.28; found: C, 68.24; H, 5.69; N, 5.42.

(E)-N-[4-(octyloxy)benzylidene]-4-[5-(4-n-butoxyphenyl)isoxazole-3-
yl]aniline (10f): Yield: 0.26 g, 49%; White solid; mp Cri84°C Cr,122°C SmC
248°C |; '"H NMR (300 MHz, CDCls): & = 8.42 (s, 1H); 7.89 (d, J = 7.3 Hz, 2H);
7.87 (d, J=7.4 Hz, 2H); 7.29 (d, J = 8.1 Hz, 2H); 7.00 (d, J = 8.3 Hz, 4H); 6.71
(s, 1H); 4.08 (t, J = 6.1 Hz, 4H); 1.80 (m, 4H); 1.53 (m, 4H); 1.33 (m, 8H); 1.01
(t, J = 7.3 Hz, 3H); 0.91 (t, 3H); "*C NMR (75 MHz, CDCls) & 170.38, 162.57,
162.12, 160.72, 160.29, 153.77, 130.71, 128.79, 127.69, 127.39, 126.40,
121.45, 120.07, 114.89, 114.74, 95.95, 68.24, 67.87, 31.83, 31.22, 29.37,
29.26, 29.19, 26.03, 22.68, 19.24, 14.14, 13.87; Elem. anal. calcd for
Ca4H40N203: C, 77.82; H, 7.68; N, 5.33; found: C, 76.91; H, 7.35; N, 5.87. 10f
decomposed on attempted HRMS measurement, and repeated elemental
analysis on a freshly recrystallized sample did not improve the agreement of the
carbon found value with the calculated value.
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S 4. 'H NMR spectrum of compound 4b (CDCls, 300 MHz).
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S 6. "H NMR spectrum of compound 4c (CDCl3, 300 MHz).
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$ 8. 'H NMR spectrum of compound 6a (CDCls, 400 MHz).
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$ 10. 'H NMR spectrum of compound 6b (CDCls, 300 MHz).
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$ 12. *C NMR spectrum of compound 6¢ (CDCls, 75 MHz).
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S 13. "H NMR spectrum of compound 3-(4-nitrophenyl)-5-(4-hydroxiphenyl)isoxazoline
(Acetone-d®, 300 MHz).
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S 14. 'H NMR spectrum of compound 3-(4-nitrophenyl)-5-(4-hydroxiphenyl)isoxazole (Acetone-
d®, 300 MHz).
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S 15. *C NMR spectrum of compound 3-(4-nitrophenyl)-5-(4-hydroxiphenyl)isoxazole
(Acetone-d®, 75 MHz).
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S 16. "H NMR spectrum of compound 3-(4-nitrophenyl)-5-(4-n-butoxyphenyl)isoxazoline
(CDCl3, 300 MHz).
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S 17. 'H NMR spectrum of compound 3-(4-nitrophenyl)-5-(4-n-butoxyphenyl)isoxazole (CDCls,
300 MHz).
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S 18. *C NMR spectrum of compound 3-(4-nitrophenyl)-5-(4-n-butoxyphenyl)isoxazole (CDCl,,
75 MHz).
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$19. 'H NMR spectrum of compound 5a (CDCls, 300 MHz).
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$ 20. *C NMR spectrum of compound 5a (CDCls, 100 MHz).
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S 21. "H NMR spectrum of compound 5b (CDCl;, 300 MHz).
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$ 22. ®C NMR spectrum of compound 5b (CDCl3, 100 MHz).
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S 23. "H NMR spectrum of compound 5d (CDCl;, 300 MHz).
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S 24. *C NMR spectrum of compound 5d (CDCls, 75 MHz).
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S 25. "H NMR spectrum of compound 7a (CDClz, 300 MHz).
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$ 26. *C NMR spectrum of compound 7a (CDCls, 100 MHz).
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S 27. 'H NMR spectrum of compound 7b (CDCls, 300 MHz).
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S 28. 'H NMR spectrum of compound 7d (CDCls, 300 MHz).
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$29. *C NMR spectrum of compound 7d (CDCls, 300 MHz).
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$30. 'H NMR spectrum of compound 8a (CDCls, 400 MHz).
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S 31. "H NMR spectrum of compound 8b (CDCl;, 300 MHz).
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$ 32. 'H NMR spectrum of compound 8c (CDCls, 300 MHz).
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S 33. "H NMR spectrum of compound 8d (CDCls, 400 MHz).
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S 34. 'H NMR spectrum of compound 9a (CDCls, 400 MHz).
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$ 35. *C NMR spectrum of compound 9a (CDCls, 100 MHz).
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$ 36. "H NMR spectrum of compound 9b (CDCls, 400 MHz).
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$ 37. *C NMR spectrum of compound 9b (CDCl3, 100 MHz).
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S 38. 'H NMR spectrum of compound 9¢ (CDCls, 400 MHz).
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S 39. ~°C NMR spectrum of compound 9c (CDCl;, 75 MHz).
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S 40. 'H NMR spectrum of compound 9d (CDCls, 400 MHz).
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S 41. ®C NMR spectrum of compound 9d (CDCl3, 100 MHz).
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S 42. "H NMR spectrum of compound 9e (CDCls;, 400 MHz).
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S 43. *C NMR spectrum of compound 9e (CDCls, 100 MHz).
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S 44. 'H NMR spectrum of compound 9f (CDCls, 400 MHz).
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S 45. *C NMR spectrum of compound 9f (CDCls, 75 MHz).
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S 46. 'H NMR spectrum of compound 10a (CDCls;, 500 MHz).
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S 47. ®C NMR spectrum of compound 10a (CDCls, 75 MHz).
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S 48. 'H NMR spectrum of compound 10b (CDCl;, 500 MHz).
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S 49. *C NMR spectrum of compound 10b (CDCls, 75 MHz).
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$50. 'H NMR spectrum of compound 10c (CDCl3, 300 MHz).
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S 51. *C NMR spectrum of compound 10¢ (CDCls, 75 MHz).
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$52. "H NMR spectrum of compound 10d (CDCl;, 300 MHz).
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$ 53. *C NMR spectrum of compound 10d (CDCls, 75 MHz).
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S 54. 'H NMR spectrum of compound 10e (CDCls, 300 MHz).
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$ 55. *C NMR spectrum of compound 10e (CDCls, 75 MHz).
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$56. "H NMR spectrum of compound 10f (CDCls;, 300 MHz).
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S 57. *C NMR spectrum of compound 10f (CDCls, 75 MHz).
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S 58. DSC thermogram for compound 9a.
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S 59. DSC thermogram for compound 9b.
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S 60. DSC thermogram for compound 9c.
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S 61. DSC thermogram for compound 9d.
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S 62. DSC thermogram for compound 9e.
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S 64. DSC thermogram for compound 10a.
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S 63. DSC thermogram for compound 9f.
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S 66. DSC thermogram for compound 10c.
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S 65. DSC thermogram for compound 10b.
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S 67. DSC thermogram for compound 10d.
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S 68. DSC thermogram for compound 10e.
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S 69. DSC thermogram for compound 10f.

$70. Schlieren texture (4-point singularity) for nematic mesophase by POM upon cooling of 9b at 154-C.



S$71. SmA mesophase (Homeotropic texture) by POM upon cooling of 9b at 123 C.

$72. SmA mesophase (focal conic fan-shaped texture) by POM upon cooling of 9d at 123 °C.



§73. SmC mesophase (broken focal conic texture+Schlieren texture-gray color) by POM upon cooling of
9f at 157 °C.

S74. Nematic mesophase texture by POM upon cooling of 10c at 252 °C.



§76. Nematic mesophase texture by POM upon cooling of 10d at 254 -C.



$77. SmC mesophase (marble texture) by POM upon cooling of 10d at 175 °C.

$78. SmA mesophase (fan-shaped/homeotropic texture) by POM upon heating of 10e at 250 °C



