Journal of Molecular Structure 1257 (2022) 132610

journal homepage: www.elsevier.com/locate/molstr

Journal of Molecular Structure

3 = . . Journal of
Contents lists available at ScienceDirect MOLECULAR

STRUCTURE

Non-symmetrical bent-core homologous series bearing n

Check for

1,2,4-oxadiazole core with a cholesterol terminal arm: Synthesis,
characterization and their liquid crystalline properties

Ghassan Q. Ali¢, Ivan Hameed R. Tomi "+

aDepartment of Pharmaceutical Chemistry, College of Pharmacy, University of Al-Nahrain, Baghdad, Iraq

b Department of Chemistry, College of Science, Mustansiriyah University, Baghdad, Iraq

ARTICLE INFO ABSTRACT

Article history:

Received 30 August 2021
Revised 4 February 2022
Accepted 8 February 2022
Available online 9 February 2022

Keywords:
1,2,4-oxadiazole
Cholesteric phase
Liquid crystalline
Ester mesogens

is also discussed.

Nonsymmetric 1,2,4-oxadiazole derivatives with cholesteryl and alkoxy chain as end moieties exhibiting
monotropic liquid crystalline behavior have been reported. The molecular structures have been confirmed
by elemental analysis and spectroscopic studies. Differential scanning calorimetry (DSC) studies revealed
multiple phase transitions and polarized optical microscopy (POM) investigations confirmed smectic A
(SmA) and chiral nematic (N*) phases. The importance of alkyl chain length in mesophase formation is
discussed. A comparison with other reported mesogenic materials possessing similar molecular structures

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Liquid crystals (LCs) have been intensively investigated and de-
veloped by researchers over the past decades because of their uses
in various applications, especially in optical and biological fields
[1-5]. Also, it currently plays an important role in materials sci-
ence, nanoscience, nanotechnology, and bio-science [6-8]. Since
discovered, the optically active organic compounds remained at
the forefront of scientists’ research because of their importance in
many industrial applications [9].

Chiral LCs are compounds that have an optically active char-
acter, they can display a variety of LCs phases because of self-
organize led to forming the helical structures in a chiral phase
like a cholesteric phase or chiral nematic (N*), chiral smectic C
(SmC*), chiral smectic A (SmA*) and frustrated LC phases, It have
been observed that these mesogens have important applications,
especially in biomedical and pharmaceutical applications [10-15].
Bent-core liquid crystals (BCLCs) are one of the new supramolec-
ular mesogens, it has received much attention due to having vari-
ous new mesophases that no analogs in conventional LCs calamitic
molecules [16-19].

The introduction of five-membered heteroaromatic rings in a
central core of the structure of mesogens is led to bends these
molecules because of the presence of bent angles in their struc-
tures. From the literature, it was observed that heterocyclic moi-
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eties have been frequently used as mesogenic cores in liquid crys-
tals [20-25].

1,2,4-Oxadiazole is a five-membered ring that has two nitrogen
and one oxygen atoms [26-28], the presence of N and O atoms
makes the oxadiazole derivatives have a high dipole moment and
polarizability, which provides the optical anisotropy and birefrin-
gence properties of the material [29-31]. Besides, it has a bent-
core angle of about ~ 140° that leads to deviation from linear-
ity which makes its derivatives located at the borderline between
calamatic and bent-core mesogens [32]. Recently, there are many
studies of liquid crystalline materials based on 1,2,4-oxadiazole
have been found in the literature [33-37]. The 1,2,4-oxadiazole
units in organic compounds have high transition temperatures,
so the decomposition of these compounds becomes a problem in
high-temperature ranges, this was recorded as a common defect in
these derivatives [32,38].

In the previous studies, the bent system based on 1,2,4-
oxadiazole is not used to design chiral molecules, so we wanted
to study here the influence of cholesterol moiety as a chiral unit
on the meogenic behaviors of the oxadiazole derivatives. The incor-
poration of the cholesterol fraction into the chemical structure of
the liquid crystalline compounds led to appearance of chiral liquid
crystalline phases, which have very wide optical applications [39-
41]. Due to the reports recorded in the literature that related to the
properties of chiral LCs mesogens [42-46], this work is designed to
study mesomorphic properties of new bent chiral mesogens based
on 1,2,4-oxadiazole core connected to cholesterol unit through es-
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Scheme 1. Reactions and reagents-N, N’-dicyclohexylcarbodiimide (DCC), 4-dimethyl aminopyridine (DMAP) and dry dichloromethane (DCM), stirring 7 days at room tem-

perature.

ter linkages. Also, the study dealt with the effect of alkoxy chain
length on the LC properties of this series and the structure-LC
property relationship was discussed then compared with other re-
lated mesogens.

2. Results and discussion
2.1. Synthesis

The synthesis route of asymmetrical compounds (Gp) was
shown in Scheme 1. The procedures and methods used in this
work have been reported by Tomi et al. [48]. All characteri-
zation details of the compounds 4-[3-(4-alkyloxyphenyl]-1,2,4-
oxadiazole-5-yl)benzoic acid (Dp) are presented in our previ-
ous work [47]. The asymmetrical compounds (G,) have been
prepared by the condensation reaction of compounds 4-[3-
(4-alkyloxyphenyl]—1,2,4-oxadiazole-5-yl)benzoic acid (D,) with
cholesterol in the presence of N, N’-dicyclohexylcarbodiimide
(DCC) as a condensation agent, and 4-dimethyl aminopyridine
(DMAP) as a catalyst in dry dichloromethane (DCM) as a solvent
at room temperature to yield final esters (Gp) in about 78-88%.
The chemical structures of all compounds (G,) were characterized
by FT-IR, TH NMR, and elemental analysis which have proven the
proposed chemical structures of the esters.

The FT-IR spectra of these compounds show the disappearance
stretching vibration of the broad peak for the (OH) moiety in car-
boxylic acids founded in compounds (D,) with the appearance
of the strong peaks between (1710-1722) cm~! assigned to the
stretching vibration of C=0 ester. The 'TH NMR spectra of the com-
pounds (Gp) showed new doublets and multiplets signals assigned
to the cholesterol rings (a, b, ¢). In addition to that, the signals of
the aromatic protons in phenyl rings and aliphatic protons in the
alkyl chains were very clear in the spectra. Meanwhile, the carbon,
hydrogen and nitrogen analysis data (shown in the experimental
part) are in good agreement with the calculated values. These char-
acteristics data of (FT-IR, 'TH NMR and CHN) provide a good index
to formation the esters, Figs. S1 and S2 shows the FT-IR and 'H
NMR spectra of (G; and Gyg) as selected derivatives for the series
(Gn).

2.2. Liquid crystalline studies

The polarized optical microscopy (POM) that connected to the
hot stage was used to screen the optical behaviors for the deriva-

tives in series (Gyp). The films of the samples were prepared gently
in between a glass plate and their coverslip as a sandwich form.
The thermal properties and transition temperatures were studied
and recorded by differential scanning calorimetry (DSC). The tran-
sition temperatures of endothermic peaks obtained in DSC thermo-
grams were in reasonable agreement with the POM observations.
The transition temperatures of endothermic peaks obtained in DSC
thermograms were in reasonable agreement with the POM obser-
vations. The phase transitions (T/ °C), enthalpy changes (AH/KJ
mol~1), entropies (AS/] mol~! K-1) and thermal stability of meso-
morphic behaviors (T/ °C) have been determined in a first heating
scan of the DSC for all compounds in Gn series and they summa-
rized in Table 1.

The first nine cholesteryl-oxadiazoles derivatives (Gi_g) exhib-
ited SmA and N* while the last two derivatives (Gg and Gq3) dis-
played only SmA texture, these textures were identified with mod-
els recorded by Brown and Dierking [48,49]. Based on the DSC re-
sults, it is worthy to note here that all the cholesteryl-oxadiazole
derivatives (Gy) exhibited broad temperature ranges of mesomor-
phic properties in the heating cycle. The increase in mesophase
broadening in the compounds of this series might be attributed to
the presence of phenyl and 1,2,4-oxadiazole rings that contribute
to increasing the total conjugated electrons along the mesogen. The
broader range of the mesomorphic properties makes the mesogens
used importantly in optical and thermal applications [50,51]. Due
to possible decomposition which cannot be established at isotropic
temperature, the POM and DSC studies could not be carried out
in the cooling cycle. Representative DSC thermographs of the com-
pounds in series (G,) were shown in Fig. S3, reflecting different
endothermic Cr-LC transitions in the heating cycle, while LC-I tran-
sition did not appear in all DSC curves of the Gn series. We also
observed many crystal-crystal (Cr-Cr) transitions in the DSC ther-
mographs of Gs, G;, and Gg. The optical textures of these com-
pounds in mesomorphic phase were shown in Figs. S4 and S5. The
mesomorphic results in Table 1 showed increases in the range of
phase transitions when the number of carbon atoms in the alkoxy
chain increases, n > 5, so, the stability of the mesophases increased
with elongation of the terminal alkoxy chains of the compounds,
this behavior is well known in the rod-like structure [39,52]. Ob-
viously, the thermal behaviors of this series were affected by the
bent angle of the 1,2,4-oxadiazole unit, which plays a major role
in stabilizing the LC phases [20]. The disappearance of the chiral
nematic phase from the last two compounds (Gyy and Gqy) and
the appearance of the SmA phase only is due to the increase in
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Transition temperatures T [°C, (AH) k] mol~! and [AS] ] mol~! K- of the mesogens [G,] in first heating scans from (DSC) experiments.

Comp. n Phase transitions T /°C, (AH) and [AS] on first heating ATic [°C [SmA], (N*)

Gy 1 Cr-SmA 177.35 (19.47) [43.23] [158.65], (5.0)
SmA-N* 336.00?
N*-Ty 341.00°

Gy 2 Cr-SmA* 177.75 (20.43) [45.31] [158.25], (11.0)
SmA-N* 336.00?
N*-T4 347.00%

Gs 3 Cr-SmA 183.70 (22.48) [49.22] [151.30], (10)
SmA-N* 335.00?
N*-T4 345.00°

Gy 4 Cr-SmA 175.95 (28.81) [64.16] [151.05], (18)
SmA-N* 327.002
N*-Tq 345.00°

Gs 5 Cr-Cry 118.90 (1.54) [3.93] [144.90], (32.0)
Cry-Cr, 140.35 (0.33) [0.81]
Cr,-SmA 155.10 (7.44) [17.37]
SmA-N* 300.00?
N*-Tq 332.00°

Gg 6 Cr-SmA 136.85 (29.05) [70.85] [192.15], (12.0)
SmA-N* 329.00?
N*-Ty 341.00°

G 7 Cr-Cry 103.30 (1.05) [2.80] [186.30], (21.0)
Cry-SmA 136.70 (26.43) [64.50]
SmA-N* 323.00?
N*-Ty 344.00°

Gs 8 Cr-Cry 104.20 (6.25) [16.56] [185.95], (11.0)
Cri-SmA 142.05 (18.52) [44.62]
SmA-N* 328.002
N*-T4 339.00°

Gg 9 Cr-SmA 115.50 (26.80) [68.96] [200.50], (19.0)
SmA-N* 316.00?
N*-T4 335.00°

Gio 10 Cr-SmA 138.90 (37.00) [89.80] [169.10]
SmA-T4 308.00%

G2 12 Cr-SmA 121.45 (25.96) [65.79] [190.55]

SmA-Ty 312.00?

Cr, Cry, and Cr, = Crystal phases; SmA = smectic A phase; N*; chiral nematic phase; Ty = the temperature that the decomposition started; ¢ = observed on
OPM only, AT,c = the mesomorphic range; [SmA] = smectic A range; (N*) = chiral nematic range.

the length of the alkyl chain, which in turn leads to the formation
of more ordered molecules due to the increase in Van der Waals
forces. The increase in the length of the alkyl chain led to an in-
crease in the arrangement of the molecules which in turn prefer
the smectic phase rather than the nematic phase [53,54]. Also, the
increase of the alkyl chain is expected to increase the length-to-
breadth of the molecules, which is related to prefer the appear-
ance of the smectic phase. As well, as the length of the alkyl chain
increase, the range of the smectic phase is also increases [55-57].

It is worthy to note here that the intermediate compounds (D3-
Dg) in the series (Dy) studied in our previous work [47] were dis-
played monotropic nematic phase; also, it is shown that the first
and last two compounds (Dq, D, Dyg, and Dqy) of this series did
not contain any liquid crystalline properties. By comparing the me-
somorphic behaviors of the D, and G, compounds, results indi-
cated that all the homologous in the series (Gp) exhibited liquid
crystalline properties with a wide temperature range more than D,
compounds through a heating scan with SmA and N* phases, this
may be due to that the compounds of series G, were linked with
a high chirality cholesterol unit by an ester linkage that is often
helpful to enhance flexibility on the end arm more than carboxy
group in D, series and facilitate the formation of the mesophase
[4,57].

The mesomorphic properties of the mesogen Gg have been
compared with a fairly similar compound in the chemical struc-
ture, (3-3/8), which was prepared by Pradhan et al. [20], where the
cholesterol moiety in compound Gg linked to the molecule by di-
rect ester group, while in the compound 3-3/8, there is a propoxy
group (CH,); between the cholesterol and molecule structure. The
Gg homologous exhibited a wider mesomorphic temperature range

in heating scans with two liquid crystalline phases (SmA and N*)
compared to the compound 3-3/8 that exhibited only SmA upon
heating and cooling scans. The introduction of a propoxy group be-
tween the carboxyl group and the phenyl ring in the 3-3/8 deriva-
tive has a considerable effect on its liquid crystalline properties. It
was shown that the presence of propoxy group in the center of the
compound led to reducing the linearity of the molecule which af-
fects the mesomorphic behavior and showed only one type of me-
somorphic texture, this behavior may be due to the lack of conti-
nuity the ;r-electron conjugation. The comparison between the lig-
uid crystalline properties of compounds Gg and 3-3/8 was shown
in Scheme 2.

On the other hand, the liquid crystalline results obtained for
some of the compounds in this study (Gg, Gg and Gg) were com-
pared with compounds that have a chemical structure similar to
compounds prepared by Han et al. (Ch-OXD-n, n = 6, 8 and 10)
[39], where these compounds differ from the series (G,) by con-
taining a phenyl group connected by a triple bond between the
phenyl group attached to the oxadiazole ring and the ester group
connected to cholesterol moiety. The presence of added (-C=C-pH)
part in the chemical structure of the compounds (Ch-OXD-n) led to
record the following observations: (a) all compounds of Ch-OXD-
n series displayed only chiral nematic phase, while compounds of
Gy, series exhibited the SmA and N* phases (b) The compounds
of both series Ch-OXD-n and G, suffered from possible partial de-
composition in the heating cycle before reaching the isotropic tem-
perature, and hence liquid crystalline properties in the cooling cy-
cle cannot be established; (c) the mesomorphic ranges of com-
pounds (Gp) are larger closely by an order than the compounds
Ch-OXD-n. (d) The increase in the number of carbon atoms in the
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Scheme 2. The comparison between mesomorphic behaviors of compounds (Gg and 3-3/8).
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n=10 Cry---(125.0)--Cry=-(197.5)---Ch---(324.4)---Td
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N=8 Cr--(104.20)--Cry---(142.05)---SmA--(328.00)---N*--(339.00)---T

n=10 Cr---(138.90)---SmA---(308.00)--T4

Ch = Cholesterol , R = C\Hzn41

Scheme 3. The comparison between mesomorphic behaviors of compounds (G, and Ch-OXD-n, n = 6, 8 and 10).

alkoxy chain led to the enhancement of the SmA phase in (Gy)
compounds. Scheme 3 showed the comparison between chemical
structures and mesomorphic properties of compounds Ch-OXD-n
and Gy, n = 6, 8 and 10.

The slight difference in the mesomorphic properties between
the compounds of the two series (G, and Ch-OXD-n) shown in
Scheme 3 may be due to the difference of the oxadiazole iso-
mers in the chemical structures within the two series, where the
two oxadiazole isomers (1,2,4- and 1,3,4-) have a different exo-
cyclic bond angle, 134° for the 1,3,4-oxadiazole ring and 140° for
1,2,4-oxadiazole. The differences in the values of exocyclic bonds
for these two isomers are affecting the linearity of the molecules
which maybe explain the differences in their liquid crystalline
properties [58-60].

3. Conclusion

In summary, new 1,2,4-oxadiazole derivatives with a terminal
cholesteryl segment have been synthesized in good yields, 79-88%,
by condensation reaction using coupling reagents (DCC, DMAP).
The structures of these compounds have been confirmed by usual
characteristic methods like FT-IR, 'H NMR, and elemental analysis.
Their mesomorphic properties were investigated by POM and DSC.
The homologs cholesteryl- oxadiazoles [Gy] exhibited SmA and N*
textures. The mesomorphic properties of the target compounds in-
dicated a slight increment in the range of phase transitions by
increasing the number of carbon atoms in the alkoxy chain. The
mesomorphic behaviors of this series were affected by the angle
of the 1,2,4-oxadiazole unit. The obtained liquid crystalline results

were reliable and compelling when compared with other analogs
derivatives close in their chemical structures. The relation between
the mesogenic results of the compounds and their chemical struc-
ture are studied briefly in terms of the presence of 1,2,4-oxadiazole
ring, the length of the alkoxy chain, and linked to the cholesterol
moiety.
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1. Experimental

1.1.Materials and techniques

All the chemicals used in this work were provided by Sigma-Aldrich company, also, the
mesogenic materials that were used as precursors {4-[3-(4-alkyloxyphenyl]-1,2,4-oxadiazole-
5-yl)benzoic acid}(Dn), were prepared in our previous study and utilized without further
purification [1]. The FT-IR spectra were carried out by Shimadzu spectrophotometer, type
8400S with (ATR) technique. *H nuclear magnetic resonance (NMR) spectra were measured
by Bruker, Ultra-shield model at 300 MHz in ppm (), CDCls was used as a solvent for the
final compounds while tetramethylsilane as an internal standard. The elemental analyses for
carbon, hydrogen and nitrogen were executed using Perkin-Elmer-2400. The optical
behaviors and texture types of the mesogens were screened by using polarized optical
microscopy (POM), model (PW-BK 5000 PR) built with a hot stage, type HS-400. The
thermal behaviors of the compounds were studied by DSC, type STA PT-1000 LINSIS in
rate 10°C/min upon heating scan only between 25-350°C, standard indium was used to
calibrate the temperatures and heat flow in DSC.

1.2.Synthesis

1.2.1. General procedure for synthesis the compounds (Gn)
(35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl
4-(3-(4-alkoxyphenyl)-1,2,4-oxadiazol-5-yl)benzoate

The target compounds have been synthesized based on the method reported in our previous
work [2, 3]. A mixture of 4-[3-(4-alkyloxyphenyl]-1,2,4-oxadiazole-5-yl)benzoic acid (Dn)
(0.5 mmol), cholesterol(0.5 mmol, 0.195 g), N,N’-dicyclohexylcarbodiimide (DCC) (0.54

mmol, 0.11 g) and 4-dimethyl aminopyridine (DMAP) (0.5 mmol, 0.06 g) in 25 mL of dry



dichloromethane (DCM) was stirred for 7 days at room temperature. The precipitated
dicyclohexylurea (DCU) as a by-product was filtered off and the filtrate was diluted with 10
mL of DCM. The resulted solution was washed with 10 mL of 5 % aqueous acetic acid
solution, then twice with 25 mL of water. After the solution was extracted, the organic layer
of the (DCM) was evaporated to give the crude product of esters (Gn). The esters were
purified by recrystallization from ethanol and dried.

1.2.1.1.  (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y1)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-methoxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (G1)

Yield (81%); FT-IR (ATR, cm™?), vmax: (2941, 2820, C-H aliph.), (1710, C=0), (1610, C=N),
(1271, 1180, asym. and sym. C-O-C), (920, N-O); *H-NMR (CDCls), 5, ppm: 8.29-8.27 (d,
2H, -ph-COO-, J = 8.30), 8.22-8.19 (d, 2H, -ph-COO-, J = 8.30), 8.13-8.10 (d, 2H, -ph-
OCH3, J = 8.65), 7.04-7.01 (d, 2H, -ph-OCHjs, J = 8.71), 5.45 (t, 1H, =CH-[2), 4.92-4.89 (m,
1H, -CH-Pl), 3.89 (s, 3H, -OCHs), 2.51-2.48 (d, 2H, -CH-l), 2.05-0.69 (m, 41H, CH, of
cholesterol moiety); elemental analysis: calculated for Cs3HssN204 (664.42 g/mol): C 77.67,
H 8.49, N 4.21, found: C 78.02, H 8.61, N 4.28.

1.2.1.2.  (3S,85,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-ethoxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (G2)

Yield (83%); FT-IR (ATR, cm™ ), vmac (2945, 2868, C-H aliph.), (1716, C=0), (1612,
C=N), (1271, 1172, asym. and sym. C-O-C), (920, N-O); *H-NMR (CDCls), &, ppm: 8.29-
8.26 (d, 2H, -ph-COO-, J = 8.50), 8.22-8.16 (d, 2H, -ph-COO-, J = 8.48), 8.12-8.09 (d, 2H, -
ph-OR;, J = 8.81), 7.02-6.99 (d, 2H, -ph-OR;, J = 8.83), 5.44-5.43 (d, 1H, =CH-); 4.92-
4.89 (m, 1H, -CH-P), 4.15-4.08 (q, 2H, -OCH>-), 2.51-2.48 (d, 2H, -CH-[l), 2.05-0.70 (m,
43H, CH, of cholesterol moiety and alkoxy groups), elemental analysis: calculated for

CasHsgN204 (678.44 g/mol): C 77.84, H 8.61, N 4.13, found: C 77.95, H 8.77, N 4.21.
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1.2.13.  (3S,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-propoxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (Gs)

Yield (79%); FT-IR (ATR, cm™?), vmax: (2956, 2868, C-H aliph.), (1718, C=0), (1610, C=N),
(1271, 1174, asym. and sym. C-O-C), (922, N-O); *H-NMR (CDCls), §, ppm: 8.29-8.27 (d,
2H, -ph-COO-, J = 8.52); 8.22-8.19 (d, 2H, -ph-COO-, J = 8.50); 8.12-8.09 (d, 2H, -ph-ORs,
J=8.82); 7.03-7.00 (d, 2H, -ph-OR3, J = 8.82); 5.44-5.43 (d, 1H, =CH-); 4.93-4.89 (m, 1H,
-CH-l); 4.02-3.98 (t, 2H, -OCH;-); 2.51-2.48 (d, 2H, -CH-[l); 2.13-0.69 (m, 45H, CH, of
cholesterol moiety and alkoxy groups); elemental analysis: calculated for CasHeoN204
(692.46 g/mol): C 78.00, H 8.73, N 4.04, found: C 78.41, H 8.98, N 4.16.

1.2.1.4.  (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-butoxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (Ga)

Yield (80%); FT-IR (ATR, cm™?), vmax: (2955, 2868, C-H aliph.), (1718, C=0), (1612, C=N),
(1271, 1174, asym. and sym. C-O-C), (920, N-O); *H-NMR (CDCls), &, ppm: 8.29-8.26 (d,
2H, -ph-COO-, J = 8.25); 8.22-8.19 (d, 2H, -ph-COO-, J = 8.34); 8.11-8.09 (d, 2H, -ph-ORs,
J =8.65); 7.02-7.00 (d, 2H, -ph-ORq, J = 8.68); 5.44-5.43 (d, 1H, =CH™): 4.92-4.89 (m, 1H,
-CH-Il); 4.06-4.02 (t, 2H, -OCH;-); 2.50-2.48 (d, 2H, -CH-[l); 2.04-0.70 (m, 47H, CH, of
cholesterol moiety and alkoxy groups); elemental analysis: calculated for CasHe2N204
(706.47 g/mol): C 78.15, H 8.84, N 3.96, found: C 78.23, H 8.97, N 4.07.

1.2.15.  (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-pentyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (Gs)

Yield (86%); FT-IR (ATR, cm™?), vmax: (2935, 2854, C-H aliph.), (1716, C=0), (1610, C=N),
(1271, 1172, asym. and sym. C-O-C), (920, N-O); *H-NMR (CDCls), &, ppm: 8.29-8.26 (d,

2H, -ph-COO-, J = 8.33); 8.22-8.19 (d, 2H, -ph-COO-, J = 8.37); 8.11-8.08 (d, 2H, -ph-ORs,
3



J=8.68); 7.02-6.99 (d, 2H, -ph-ORs, J = 8.73); 5.44-5.43 (d, 1H, =CH-); 4.95-4.89 (m, 1H,
-CH-l); 4.05-4.01 (t, 2H, -OCH,-); 2.50-2.48 (d, 2H, -CH2-[%): 2.04-0.69 (m, 49H, CH, of
cholesterol moiety and alkoxy groups); elemental analysis: calculated for Ca7HesN204
(720.49 g/mol): C 78.29, H 8.95, N 3.89, found: C 78.37, H 8.99, N 3.94.

1.2.1.6.  (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-hexyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (Ge)

Yield (78%); FT-IR (ATR, cm™?), vmax: (2951, 2870, C-H aliph.), (1710, C=0), (1608, C=N),
(1274, 1178, asym. and sym. C-O-C), (923, N-O); *H-NMR (CDCls), §, ppm: 8.29-8.26 (d,
2H, -ph-COO-, J = 8.25); 8.22-8.19 (d, 2H, -ph-COO-, J = 8.12); 8.11-8.09 (d, 2H, -ph-ORs,
J=8.57); 7.02-7.00 (d, 2H, -ph-ORs, J = 8.61); 5.45-5.44 (d, 1H, =CH-?); 4.92-4.88 (m, 1H,
-CH-[l); 4.05-4.01 (t, 2H, -OCH,-); 2.51-2.48 (d, 2H, -CH2-[%): 2.17-0.69 (m, 51H, CH, of
cholesterol moiety and alkoxy groups); elemental analysis: calculated for CagHesN204
(734.50 g/mol): C 78.43, H 9.05, N 3.81, found: C 78.57, H 9.13, N 3.92.

1.2.1.7.  (3S,85,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-heptyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (G7)

Yield (82%); FT-IR (ATR, cm™?), vmax: (2947, 2850, C-H aliph.), (1710, C=0), (1610, C=N),
(1273, 1176, asym. and sym. C-O-C), (922, N-O); *H-NMR (CDCls), &, ppm: 8.31-8.28 (d,
2H, -ph-COO-, J = 8.24); 8.23-8.21 (d, 2H, -ph-COO-, J = 8.37); 8.13-8.10 (d, 2H, -ph-ORy,
J=8.61); 7.04-7.01 (d, 2H, -ph-ORy7, J = 8.57); 5.46-5.40 (d, 1H, =CH-); 4.97-4.87 (m, 1H,
-CH-1)): 4.07-4.03 (t, 2H, -OCH2-); 2.53-2.50 (d, 2H, -CH2-[l): 2.07-0.71 (m, 53H, CHy of
cholesterol moiety and alkoxy groups); elemental analysis: calculated for CagHesN204

(748.52 g/mol): C 78.57, H 9.15, N 3.74, found: C 78.66, H 9.22, N 3.83.



1.2.1.8. (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-octyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (Gs)

Yield (82%); FT-IR (ATR, cm™?), vmax: (2941, 2850, C-H aliph.), (1710, C=0), (1610, C=N),
(1274, 1176, asym. and sym. C-O-C), (922, N-O); *H-NMR (CDCls), &, ppm: 8.31-8.28 (d,
2H, -ph-COO-, J = 8.24); 8.23-8.21 (d, 2H, -ph-COO-, J = 8.37); 8.13-8.10 (d, 2H, -ph-ORs,
J=8.61); 7.04-7.01 (d, 2H, -ph-ORs, J = 8.57); 5.47-5.45 (d, 1H, =CH-); 4.98-4.88 (m, 1H,
-CH-l); 4.07-4.03 (t, 2H, -OCH,-); 2.53-2.50 (d, 2H, -CH2-[%): 2.07-0.71 (m, 55H, CHp, of
cholesterol moiety and alkoxy groups); elemental analysis: calculated for CsoH70N204
(762.53g/mol): C 78.70, H 9.25, N 3.67, found: C 78.81, H 9.31, N 3.74.

1.2.1.9.  (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-nonyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (Go)

Yield (88%); FT-IR (ATR, cm™), vmax: (2928, 2866, C-H aliph.), (1716, C=0), (1614,
C=N), (1271, 1178, asym. and sym. C-O-C), (922, N-O); 'H-NMR (CDCls), &, ppm: 8.31-
8.28 (d, 2H, -ph-COO-, J = 8.50); 8.24-8.21 (d, 2H, -ph-COO-, J = 8.48); 8.13-8.10 (d, 2H, -
ph-ORy, J = 8.80); 7.04-7.01 (d, 2H, -ph-ORy, J = 8.84); 5.47-5.45 (d, 1H, =CH-[); 4.94-
4.91 (m, 1H, -CH-)): 4,07-4.02 (t, 2H, -OCH,-); 2.53-2.50 (d, 2H, -CH2-[1); 2.06-0.71 (m,
57H, CHn of cholesterol moiety and alkoxy groups); elemental analysis: calculated for
Cs1H72N204 (776.55g/mol): C 78.82, H 9.34, N 3.60, found: C 78.91, H 9.39, N 3.69.
1.2.1.10. (3S,85,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-decyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (G1o)

Yield (84%); FT-IR (ATR, cm™?), vmax: (2947, 2850, C-H aliph.), (1722, C=0), (1610, C=N),
(1271, 1176, asym. and sym. C-O-C), (912, N-O); *H-NMR (CDCls), &, ppm: 8.31-8.28 (d,

2H, -ph-CO0-, J = 8.31); 8.24-8.21 (d, 2H, -ph-COO-, J = 8.39); 8.13-8.10 (d, 2H, -ph-ORuo,
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J = 8.68); 7.04-7.01 (d, 2H, -ph-OR1o, J = 8.72); 5.46-5.45 (d, 1H, =CH-): 4.94-4.91 (m,
1H, -CH-PI); 4.07-4.02 (t, 2H, -OCH,-); 2.53-2.50 (d, 2H, -CH-[l); 2.06-0.71 (m, 59H, CHh
of cholesterol moiety and alkoxy groups); elemental analysis: calculated for CsyH74N204
(790.56g/mol): C 78.94, H 9.43, N 3.54, found: C 78.99, H 9.52, N 3.61.

1.2.1.11. (3S,85,9S,10R,13R,145,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-y)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradeca hydro-1H-cyclopenta[a]phenanthren-3-yl 4-
(3-(4-dodecyloxy phenyl )-1,2,4-oxadiazol-5-yl)benzoate (G12)

Yield (82%); FT-IR (ATR, cm™?), vmax: (2924, 2852, C-H aliph.), (1722, C=0), (1610, C=N),
(1267, 1176, asym. and sym. C-O-C), (912, N-O); *H-NMR (CDCls), 5, ppm: 8.31-8.28 (d,
2H, -ph-COO-, J = 8.27); 8.24-8.21 (d, 2H, -ph-COO-, J = 8.37); 8.13-8.10 (d, 2H, -ph-OR12,
J = 8.65); 7.04-7.01 (d, 2H, -ph-OR12, J = 8.76); 5.46-5.45 (d, 1H, =CH-): 4.94-4.91 (m,
1H, -CH-PI); 4.07-4.03 (t, 2H, -OCH,-); 2.53-2.50 (d, 2H, -CH2-[l); 2.06-0.71 (m, 63H, CHh
of cholesterol moiety and alkoxy groups); elemental analysis: calculated for CssH7sN204
(818.60g/mol): C 79.17, H 9.60, N 3.42, found: C 79.22, H 9.64, N 3.49.
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Figure S1. FT-IR spectra of the compounds Gz and Gio
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Figure S3. Dsc thermograms of some compounds of (Gn) series: G2, Ge and Gg



Figure S4. POM images of some selected G, compounds at first heating cycle: (a) transition from
SmA to oily streaks of N* for compound Gz at 338 °C; (b) oily streaks of N* for compound Gs at
339 °C; (c) oily streaks of N* for compound G4 at 328 °C; (d) oily streaks of N* for compound
Gs at 312 °C; (e) focal conic texture of SmA for compound Gy at 142 °C; (f) SmA phase for
compound Gg at 259 °C.
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Figure S5. The focal conic texture of SmA phase for compound G2 in second heating at 229 °C.
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0
2 1 decom.
al Onset point: 176.9 °C (13 min)
-6 4 Offset point: 190.5 °C (14 min)
Point of reaction: -21.673 mW at 181.4 °C (13 min}
-8 A Peak maximum:  -23.899 mW at 184.1 °C (14 min)
Enthalpy: -32.451fg
-10 7
12
-14 1 S
16 mA
-18 1
220
-22 1 Name: COL3
Weight:14 mg
24

Heating rate :10 ¢/min

a0

100 150 200 250
Temperature (°C)

DSC thermogram of compound G3
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Heat flow (mWw)

Heat flow (mw)
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Onset point: 168.3 °C (12 min)
E Offset point: 183.6 °C (13 min)
Point of reaction: -27.269 mW at 173.3 °C (12 min)
Peak maximum:  -31.128 mW at 176.3 °C (13 min)
Enthalpy: -40.76 /g

decom.

Weight:20 mg
Heating rate :10 ¢/min

50 100 150 200 250 300 350
Temperature (°C)

DSC thermogram of compound G4

Onset point: 135.8 °C (11 min)

Offset point: 144.9 °C (12 min)

1 Point of reaction: -18.367 mW at 137.9 °C (11 min)
Peak maximum: -18.668 mW/ at 140.8 °C {11 min)
Enthalpy: -0.466 1fg

Onset point: 111.8 =C (8 min)

Offset point: 126.0 =C (10 min)

Point of reaction: -17.373 mW at 114.9 °C (3 min)
Peak maximum: -18.512 m\W at 118.6 C (10 min)
Enthalpy: -2.14 Jfg

Onset point: 148.8 °C (12 min)
Offset point: 161.4 °C {13 min)
Point of reaction: -20.741 m\W at 152.6 *C (12 min)
Peak maximum: -21.871 m\W at 155.5 *C (13 min)
Enthalpy: -10.32 /g

decom.

Weight:17 mg
7 Heating rate :10 c/min

50 100 150 200 250 300 350
Temperature (°C)

DSC thermogram of compound Gs
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G7

Onset point: 96.6 °C (8 min)

Offset point: 110.0 °C (8 min)

Point of reaction: -13.740 m\W at 99.4 *C (8 min) %

Peak maximum: -14,360 m¥ at 103.3 °C (8 min) N decom.
Enthalpy: -1.41 /g

Onset point: 127.6 °C (10 min)
Offset point: 145.8 °C (11 min)
Point of reaction: -21.174mW at 134.1 °C (10 min)
Peak maximum: -23.961mW at 137.7 *C (10 min)
Enthalpy: -35.29 Jjg

Weight:17 mg
Heating rate :10 ¢/min

50 100 150 200 250 300 350
Temperature (°C)

DSC thermogram of compound Gz

G9

Onset point: 106.7 °C (8 min)

Offset point: 124.3 °C (9 min) -
Point of reaction: -22.121 mW at 112.4 °C (8 min) N decom.
Peak maximum:  -24.741 mW at 116.0 °C (8 min)
Enthalpy: -34.49 Jfg
Weight: 12 mg
Heating rate :10 ¢/min
50 100 150 200 250 300 350

Temperature (°C)

DSC thermogram of compound Gg
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G10

Weight:17 mg

Heating rate :10 ¢/min

Onset point: 128.6 °C (10 min)
offset point: 149.2 °C (12 min)
Point of reaction: -24.926 m\W at 139.8 °C (11 min)
Peak maximum:  -26.242 m\W at 142.1 °C (11 min)
Enthalpy: -46.77 J{g

Cr

decom.

50

G12

100 150 200 250

Temperature (°C)

DSC thermogram of compound Gio

300

350

Onset point: 110.6 °C (8 min)
Offset point: 132.3 °C (10 min)
Point of reaction: -24.168 m\W at 118.7 °C (9 min) decom.
Peak maximum:  -25.993 mW at 122.0 °C (9 min)
Enthalpy: -31.69 /g

Weight:16 mg

Heating rate :10 ¢/min

50 100 150 200 230 300 350

Temperature (°C)

DSC thermogram of compound G2

24



-

s

Ww

°C

SmA phase for compound Gs at 247

ly streaks of N* for compound G at 333 °C

@)

25



°C

Oily streaks of N* for compound Gg at 331

SmA phase for compound Gy at 253 °C
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