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Abstract: Recently, an unprecedented observation of polar
order, thermochromic behavior, and exotic mesophases in
new chiral, bent-shaped systems with a CH3 moiety placed
at the transverse position of the central core was reported.
Herein, a homologous series of compounds with even-num-
bered carbon chains from n=4 to 18 were synthesized, in
which Cl was substituted for CH3 at the kink position and
a drastic modification in the phase structure of the bent-
shaped molecule was observed. An unusual stabilization of
the cubic blue phase (BP) over a wide range of 16.4 8C has

been witnessed. Two homologues in this series ( -12 and -1 1
14) exhibit an interesting phase sequence consisting of BPI/
II, chiral nematic, twist grain boundary, smect A, and smec-ic

tic X (SmX) phases. The higher homologues (1 1-16 and -18)
stabilize the SmX phase enantiotropically over the entire
temperature range. Crystal structure analysis confirmed the

bent molecular architecture, with a bent angle of 1488, and
revealed the presence of two different molecular conforma-

tions in an asymmetric unit of compound -4.1 A DFT study
corro rated that thebo Cl moiety at the central core of the
molecule led to an increase in the dipole moment along the
transverse direction, which, in turn, facilitated the unusual
stabilization of frustrated structures. Crystal polymorphism

has been evidenced in three homologues (1 1 1-10, -12, and -
14) of the series. On the application of mechanical pressure

through grinding, compound -10 transforme1 d from a
bright yellow crystalline solid to a dark orange–green amor-
phous solid, which reversed upon dropwise addition of di-
chloromethane, indicating revers ible mechanochromism in
this class of compounds. In addition, excellent thermochro-

mic behavior has been obse rved for compound -11 0 with a
controlled temperature–color combination.

Introduction

Chirality is ubiquitous in nature and is accountable for the de-
velopment of living and nonliving matter. Concurrently, it is
immensely important for the pharmaceut ical industry and for
the propagation of contemporary technological advance-
ment.[1, 2] The presence of the chiral center in a molecule can
result in complex configurations. For example, if chirality is in-
corporated into a liquid-crystal (LC) system, it can produce
complex phase structures, such as BPs (BPIII, BPII, BPI), twist
grain boundary (TGB), smectic blue phase (SmBP), and chiral
nematic (N*). The N* phase or a cholesteric liquid crystal (CLC)

is a twisted helicoi dal state[2] of the nematic phase. These chir-
ality-induced phases find various applications in imaging devi-
ces, information displays, reflectors/polarizers, tunable band-
pass filters, and temp ature or presser ure sensors.[3–5] Compared
with chiral liquids, LC materials, due to their ordered nature,
along with liquidity, can amplify the molecular chirality by
manyfold.[6, 7] BP is a frustrated phase, consisting of double-
twist cylinders, that occurs just below the isotropic liquid over
a narrow temperature range. [8–10] BPs are extremely important
for the development of next- eneration optoelectrog nic devices
that do not require alignment layers (i.e. , polyimide coatin ),g
which simplifies the LC display manufacturing process. They
can also be used to develop devices such as light filters, lasers,
fast light modulators, and tunable photonic crystals.[11–13] The
TGB phase, which is the LC analogue of the Abrikosov vortex

state in “type II superconductors”,[14] is a rich, complex, and
frustrated phase structure. It usually appears in the tempera-
ture range between the N* and Sm phases (SmA/A* or

SmC*). [14–21]

In the contemporary era of LC research, bent-core liquid
crysta (BCLCs) are the frontrunnels r, due to their extremely
rich, verse, and unparalleled phasdi e structures.[22] The pres-
ence of the small kink at the molecular core of the BCLC helps
to develop additional order (unlike rodlike or disklike LCs) that
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can be polar, biaxial nematic, octupolar, and/or chiral, despite
being formed from achiral molecules.[22–31] BCLCs, due to their
negative bend-splay elastic const ant ratio, if doped with an ex-
ternal chiral agent, can stabilize the frustrated BPs in the mix-
ture,[32] but single-component BCLCs hibiting BPs and TGBex
phases are limited.[33–38] A combination of the additional order
of bent-core molecules with molecular chirality provided by
the stereocenters present in the chiral moiety can lead to the
stabilization of the frustrated phases.

There has been increasing interest in recent years in materi-
als that have the ability to change their color, either reversibly
or permanently, in response to app lied external stimuli.[39–42]

Materials that exhibit a change in the photoluminescence
properties upon application of mechanical pressure, inding,gr
shearing, or crushing are own as mechanochromikn c lumines-
cent materials or piezochromic luminescent materials. These
mechanochromic materials have potential applications in
memory storage, sensors, security inks, pressure sensing, and
optical-recording systems.[39–42] The change in emission proper-
ties after grinding can be reversed by either solvent or thermal
annealing. The reversibility of the neat compound is because
there is no involvement of bond breakage, but there is a trans-
formation of stacking modes involving weak interactions.
BCLCs containing a salicylideneaniline moiety and cholesterol
unit can be potentially used as mechanochromic materials. The
salicylideneaniline moiety exhibits excited-state intramolecular
proton transfer (ESIPT) due to the formation of intramolecular
hydrogen bonding between OH and CH=N and switches
between the ESIPT ON/OFF state due to mechanical grinding.
The cholesterol unit has the tendency to change color and cir-
cular chroism withdi a change in the helical pitch and handed-
ness.[43–45] Therefore, the salicylideneaniline and cholesterol
units play an important role in the mechanochromic behavior
of this class of compounds.[43–46] In our previous report,[47] we
showed that 3-amino-2-methylbenzoic acid (as the central
core,[47–49, 52, 53,55] Figure 1a) based smart bent-core materials ex-
hibited frustrated structures that stabilized BPs for about 2.0 C8
and the TGB phase for about 31.0 C. The direct attachment of8
the cholesterol moiety to the central core, functioning as an

arm of the BCLC (Figure 1), promotes rigidness in the molecu-
lar architecture, which eventually leads to the realization of dif-
ferent frustrated phases. The methyl group (CH3), with the I+
effect and its bulky size (relative to H), widened the bent angle
and supported the stabilization of different phase structures.
Unlike the methyl group (CH3), herein, we have purposely
placed an electronegative chloro moiety (3-amino-2-chloroben-
zoic acid as the central core[50, 51]) at the transverse position of
the central core to realize its electronegative effect upon the
stabilization of frustrat ed phases (Figure 1b). On one side of
the core, there is a cholesterol moiety attached through an
ester linkage, reas, on the other side, there iswhe a 4-n-alkoxy-
2-hydroxybenzaldehyde moiety attached through an imine
linkage. The homologous series with even chains, from n=4 to
18, was synthesized. An increase in the alkyl chain length leads
to the thermodynamic stabilization of the liquid-crystalline ma-
terial enantiotropically, as the series makes a transition from
nonliquid crystalline ( -4, -6) to monotropic LC ( -8, -10, -1 1 1 1 1
12, and -14) and enantiotropic LC ( -16, -18). Compound -1 1 1 1
10 exhibited a stable BP over a wide range of 16.4 C. In addi-8
tion, we observe a variety of phases, such as BPI/II, N*, TGBA,
SmA, and an unknown tilted phase, SmX, for two homologues
( -12 and -14), simila1 1 r to that previously reported.[47] Com-
pounds -16 and -18 stabiliz 1 1 e the SmX phase enantiotropical-

ly. The phase sequence of all compounds is summarized in Fig-
ure S83 in the Supporting Information during cooling. The
presence of the Cl moiety in the central core, which is evi-
dent from the single-crystal structure and density functional
theory (DFT) analysis, has allowed more insights regarding sta-
bilization of the frustrated structures in these molecular sys-
tems. Three of the compounds ( -10, -12, and -14) were1 1 1
shown to exhibit crystal polymorphism. An excellent thermo-
chromic property has been observed for -10 with1 a controlled

temperature–color combination. Application of a grinding
force on -10 converted the yellow color of the sample to a1
dark orange–green color that can be reversed back to yellow
color after the dropwise addition of a solvent (dichlorome-
thane).

Results and Discussion

Synthe and characterizationsis

Details of the synthetic approach are summarized in
Scheme S1 in the Supporting Information, and the correspond-
ing molecular characterizations are elaborated in Figures S1–
S32 in the Supporting Information.

Single-crystal X-ray diffraction (SCXRD) studies

Interestingly, we were able to successfully grow crystals suita-

ble for SCXRD experiments (see the Supporting Information for
details) of one of the representative examples, compound -4,1
to demonstrate the bent angle of the compound, which is an
important parameter in the field of BCLCs and investigate the
elusive characteristics of molecular packing (Figure 2a–f).[52–57]

Compound -4 was found to crystallize in the monoclinic1

Figure 1. Chiral bent-core molecules with a) a CH3 moiety at the kink posi-
tion (previously reported in ref. [47]) and b) a Cl moiety at the kink position
of the central unit (the molecule described herein).
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system with the 2P 1 space group, with two independent mole-
cules of different conformations (conformations A (C1A to
C45A) and B (C1B to C45B)) in the asymmetric unit ( 4,Z= Z’=
2). Structural analysis revealed the major dissimilarities in these
two conformations at the terminal OC4H9 chain and in the
alkyl chain of the cholesterol moiety (Figure 2b,c). C1A-C2A-
C3A-C4A rmerin confo A (aC2A-C3A-C4A-O1A 175.14(7) )= 8
adopted an conformation with respecanti t to the C3AC4A
bond, (Figure 2b), whereas C1B-C2B-C3B-C4B in conformer B
( C2B-C3B-C4B-O1B 62.43(11)a = 8) adopted a staggered confor-
mation with respect to the C3BC4B bond (Figure 2c). Another

significant difference in the conformatio was observed in thens
alkyl chain of the cholesterol moiety ( C35A-C38A-C40A-a

C41A 172.27(6) and C40A-C41A-C42A-C43A 171.71(8) in= 8 a = 8
confor (Figuremer A 2b); aC35B-C38B-C40B-C41B=
179.16(7) and C40B-C41B-C42B-C43B 175.14(8) in con-8 a = 8
former B (Figure 2c)).

Most importantly, the molecule attained a bent-shaped ge-
ometry with a bent angle (the angle between the centroids of
the rings C5A-C6A-C7A-C8A-C9A-C10A, C12A-C13A-C14A-
C15A-C16A-C17A, and C19A-C20A-C21A-C22A-C23A-C24A of
conformer A and C5B-C6B-C7B-C8B-C9B-C10B, C12B-C13B-
C14B-C15B-C16B-C17B, and C19B-C20B-C21B-C22B-C23B-C24B
of conformer B) of 148.85 for conformer8 A (Figure 2b) and
148.35 for conformer8 B (Figure 2c). Details of the structural

analysis are summarized in Figures S33–S39 and bles S1–S4Ta
in the Supporting Information. Other than these major differ-
ences, the two molecules had differences in other bond angles

and torsion angles of 2 8. These differences were manifested
by Z’=2 with a large unit cell ( 4046.7(4)V= 3 ; Table S5 in the
Supporting Information). The structure of the cholesterol-
based BC compound under investigation is shown in Fig-
ure 2a, for which the bent architecture was proved by nsmea
of SCXRD analysis.

Figure 2. a) Structure of the lowest homologue. Molecular crystal structure of b) conformers A (1-4) and c) B (1-4) with dihedral angles varying at the terminal
alkyl chain and cholesterol moiety. d) Conformer A (1-4) with CCl··· interactions and e) conformerp B (1-4) with CCl··· interactionsp . f) The 3D structural ar-
range nt of -4.me 1
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A DFT study was performed on compound -4 (as1 a repre-

sentative case) and an analogous compound with a methyl
core reported earlier.[47] It was found that the dipole moment
along the directioy n (Figure S40 and bles S6 and S7 in theTa
Supporting Inform ion) was much larger (at my=2.55 D) in com-
pound -4 than that in the previously reported molecule (1 my=

1.272 D), although the dipole moments along the other two di-
rections ( andx z) remained similar in both compounds. This
observation implies that the introduction of the Cl moiety in
the kink direction of the molecule (Figure 2a) electronically af-
fects nucleation of the usual mesophases (e.g. , nematic or Sm)
and stabilizes the frustrated BPs.

Thermal behavior: Polarized optical microscopy (POM) and
differential scanning calorimetry (DSC) studies

The phase transition temperature of BPs was not observed by
means of DSC, but rather a POM study in reflectance mode
was employed to determine the BP range of the compounds.
On a norma l glass slide with a coverslip (without any coating),
compound -10 (as1 a representative case) melted at a temper-

ature of 145.4 C, which, upon cooling (rate 0.58 8Cmin1),
formed a striking platelet-like texture (Figure 3c) of cubic BP,
appearing at a temperature of 129.0 8C and retained up to

125.2 C.8 A further decrease in temperature from 125.2 8C led
to the nucleation of the helical Ncyb * phase, which crystallized

at 105.6 C.8 A surprising result was observed if compound -101
was used to fil 4.8l a mm polyimide–ITO-coated homogeneous/
planar cell, which was investigated by means of POM. This
sample exhibited the appearance of a platelet-like texture of
cubic BPs at 124.9 C, which remained stable up to 108.5 C8 8
(cooling rate 0.5 8Cmin1 ; Figure 3a,b and Figure S47 in the
Supporting Information). Hence, the BP range was extended

from 3.8 (Figure S45 in the Supporting Information; on a
normal glass slide with a coverslip) to 16.4 8C (elaborated in
Figure S47 in the Supporting Information), if inserted in a
planar cell, which was also substantially stable (Figure S46 in
the Supporting Information). Available literature suggests that
this is a rare report of single-component BCLCs forming a
cubic BP structure stabilized by a range of 16.4 C. Upon fur-8
ther cooling the sample, the Ncyb* phase appeared and crystal-
lized at 100.6 C. The above results were attained at8 a cooling
rate of 0.5 8Cmin1. Howe if the rate of cooling wasver,
3 8Cmin1, crystallization was suppressed and attained at a
temp ature of 90.4er 8C (Figure S48 in the Supporting Informa-
tion). This observation of elongation of the BP range and sup-
pression of crystallization was also reported earlier.[58]

For compound -14, on1 a normal glass slide with a coverslip

(witho any coating), upon cooling,ut a transient BP (Figure S55
in the Supporting Information) was observed followed by the
appearance of a focal conic-type texture of N* at 128.4 C,8
which, upon further cooling, changed to a fingerprint-like[59]

texture typical of the TGBA phase at 126.0 C. The fingerprint8
texture further transformed into a characteristic filamentous[59]

texture of TGBA and started to become homeotropic at
121.4 8C (Figure S56 in the Supporting Inform ion). Crystalliza-at
tion of -14 was observed at 78 C. However1 8 , compound -141
(inserted in a 3.2 mm polyimide–ITO-coated planar cell) during
cooling, exhibited the appearance of BP, N*, and TGBA phases
(Figure S58 in the Supporting Information). Upon further cool-

ing, focal conic-like textures characteristic of SmA start to
appear below the TGBA phase. Below the SmA phase, an un-
identified tilted phase, SmX, forms at a temperature of
117.6 C. The change of SmA to SmX is characterize8 d by the
develo ent of stripes on focal conics (Figure S59 in the Sup-pm

porting Information). Similarly, compound -14, if inserted in a1

Figure 3. 1POM micrographs of BPI (a) and BPII (b) phases of compound -10 at 121.5 and 8.0 C, respectively11 8 , in a 4.8 mm polyimide–indium tin oxide (ITO)-
coated planar cell ; c) cubic BP of compound -10 at 126.81 8C on a normal glass coverslip ; d) filamentous texture of the TGBA phase of compou -14 atnd 1
125.88C in a 3.3 mm polyimide–ITO-coated homeotropic cell ; SmA (e) and SmX (f) phases of compound -12 at 3.8 and 105.2 C, respective1 11 8 ly, in a 4.8 mm
polyimide–ITO-coated planar cell.
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3.3 mm polyimide–ITO-coated homeotropic cell, confirmed the
formation of the TGBA phase through a characteristic finger-
print and filamentous texture (Figure and Figure S57 in the3d
Supporting Information). Compound -12 exhibits1 a similar

phase sequence of BPI/II, N*, TGBA, SmA, and SmX (Figur-
es S49–S54 in the Supporting Information). POM micrographs
of -12 for SmA and SmX are shown in Figure and f, re-1 3e
spectively. Compounds -16 and -18 showe1 1 d enantiotropic

mesomorphism and exhibited the SmX phase in the heating
and cooling cycles. Details of the POM study of compound s -1
8, -14, and -18 are discussed in detail in Figures S43, S44,1 1
and S60–S68 in the Supporting Information. The observed
mesophases, transition temperatures, and associated enthal-
pies, as observed by means of DSC, are summarized in ble 1Ta
(Figures S69 and S70 in the Supporting Inform ion).at

Small- and wide-angle X-ray (SAXS/WAXS) studies

SAXS/WAXS analyses were carried out on LC samples in a
0.7 mm capillary to gain more insights into the LC phase be-
havior. The X-ray ractogram of compound -10 at Cdiff 1 115 8
showed two diffused peaks: one in the small-angle region,
with a value of 39.49d , and the other in the wide-angle
region, with a value of 5.78 (Figured  4a). This observation of

diffuse peaks in both small- and wide-angle regions confirmed
the presence of a disordered mesophase. In the XRD scan of -1
10 upon cooling, the intensity of the small-angle peak was
greater than that of the wide-angle peak,[60, 61] indicating the
presence of clusters in the chiral nematic phase (Ncyb*; Fig-
ure and Figure S714a b in the Supporting Information). The in-

tensity of the small-angle peak became sharper with a gradual
decrease in temperature, which also substantiated the earlier
observation of cluster formation (as / 0.89–0.96) in thed L
Ncyb* phase (Figure S7 in the Supporting Information). The1a
correlation length (x) and spacing for -10 increased with de-d 1
creasing temperature over the entire nematic range, inferring
the cybotactic nature of the chiral nematic phase (Ncyb*; Fig-
ure 4c). The value of spacind g increased from 31.89 to
39.49 , whereas the correlation length increased from 55.30
to 446.35 as the sample was cooled from the melte d liquid
(Table S8 in the Supporting Information).

For compound -14,1 a transient chiral nematic (N*) phase
was observ ed. The XRD profile of -14 at 1281 8C was composed

of two diffused peaks: one in the smal l-angle region, with a d
value of 38.89 , and the other in the wide-angle region, with
a value of 5.73d , which confirmed the nematic phase (Fig-
ure 4b). A gradual decrease in temperature led to the forma-
tion of a sharper and more intense small-angle peak, showing
nucleation of N*, TGBA, SmA, and SmX phases from the iso-
tropic melt, whereas the wide-angle peak remained diffuse, as
observed earlier (Figure S75a in the Supporting Information).
Upon cooling to 80 C, the XRD result8 s for compound -141
consisted of a sharp small-angle peak with a value of 35.54d 
and a wide- angle halo with a value of 5.61 (Figured  4b). The
d f T= ( ) plot analysis showed that, at first, the value increasd ed
from 34.49 to 42.83 up to 125 8C and further decreased from
42.83 to 35.54 until the compound crystallize d at 78 8C. This
proved the exhibition of TGBA, SmA, and SmX phases (Fig-
ure an4d d Table S10 and Figure S80 in the Supporting Infor-
mation), in which / 0.95 for TGBA, / 0.94 for SmA, andd L d L
d L/ decreased with temperature from 0.92 to 0.79 for SmX.
The plot of (x= f T) displayed a drastic increase in the correla-
tion length as the sample made a transition from N* to TGBA
from 58.34 to 956.71 , which further increased after 956.71 
to 1520.89 (Figure 4d, Table S10 in the Supporting Informa-
tion). XRD analyses of -12, -14, -16, and -18 are discussed1 1 1 1
in detail in Figures S73, S75b, S76–S79, S81, and S82 and Ta-
bles S9 and S11 in the Supporting Information.

Dielectric measurements

We performed dielectric relaxation studies on compound -181
as a representative example of the SmX phase. Compound -1
18 was used to fill a planar cell made of two ITO-coated glass
plates with a separation of 8 m. Both real and imaginary partsm

of the dielectric constants were measured in the frequency
range of 1 kHz to 1 MHz at various temperatures. Compou nd
1-18 exhibited dielectric relaxation throughout the entire SmX

phase and frequency dispersions of real and imaginary parts of
dielectric constants at 120, 7, and11 112 8C are presented in

Figure 5a–c. It should be noted from Figure 5 that -18 exhib-1
ited two relaxations: one at a low frequency, which was tem-
perature dependent, and the other at high frequency (
1 MHz), which was temperature independent. The low-fre-
quency dielec tric relaxation was due to the molecular dipoles
and the high-frequency relaxation due to the finite resistance
of the ITO layers. The relaxations were fitted with a complex di-

Table 1. Phase transition temperatures (peak temperature, C) and en-8
thalpies of transition ( [kJmolDH 1] in parentheses) determ ed by meansin
of DSC (scan rate of 10 8Cmin1 , second heating and cooling cycles) and
POM.

Compound Phase transitions[a]

1-4 heatin Cr 176.1 (20.2) Isog:
coolin Iso 120.8 (6.4g: ) Cr

1-6 heatin Cr 152.0 (20.5g: ) Iso
coolin Iso 134.2 (20.1) Crg:

1-8 heating : Cr 150.3 (29.9) Iso
coolin Iso 124.9 BPI/IIg: [b] 115.2 Cr[b]

1-10 heatin Crg: 1 110.0 (3.3) Cr2 145.4 (21.2) Iso
cooling : Iso 124.9 BPI/II[b] 108.5 Ncyb*

[b] 100.6 Cr1
[b]

1-12 heatin Crg: 1 132.8 (29.0) Iso
coolin Iso 131.5 BPI/II 128.9 (0.96g: ) N* 125.0 TGBA 123.7
SmA[b] 111.0 SmX[b] 95 Cr2 46.5 (2.5) Cr1

1-14 heatin Crg: 1a 61.7 (8.0) Cr 2b 70.4 (24.3) Cr3c 136.7 (46.8) Iso
cooling : Iso 128.7 BPII/II 128.4 (3.6) N* 126.0 TGBA 121.4
SmA[b] 117.6 SmX[b] 78.0 Cr 4

[c]

1-16 heatin Cr 6.9 (13.6) SmX 133.5 (4.8) Isog: 11
coolin Iso 131.3 (4.8g: ) SmX 94.4 (4.8) Cr

1-18 heatin Cr 3.7 (10.5) SmX 132.8 (4.1) Isog: 11
coolin Iso 131.6 (4.2g: ) SmX 97.6 (10.6) Cr

[a] Cr crystal= ; Iso isotropic= ; Ncyb* chiral nematic phase compo= sed of
Sm clusters ; TGBA twist grain boundary phase= ; Smectic A SmA;=
Smectic X SmX. [b] Phas= e transitions observed by means of POM in an
ITO-coated planar cell (antiparalle bing). [c] Phase transitionl rub s ob-
served by means of SAXS/ XSWA . (1-1 Cr4: 1a=amorphous, Cr2b = transition
crystalline state, Cr3c=crystal polymorph.)
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Figure 4. Intensity versus 2 plot showing a) the Nq cyb* phase of compou -10 in the small ngle regionnd 1 -a ; inset showing the wide-angle peaks, b) the N* and
SmX phases of compound -14 in the small-angle region1 ; inset showing the wide-angle peaks. Plot of spacing and correlation length (small-angle peak)d
versus temperature for compounds -11 0 (c) and -11 4 (d).

Figure 5. Frequen dispersions of real (triangles) and imaginary (circlescy ) parts of dielectric constants at a) 120, b) 7, and c)11 112 8C of 1-18. d) Cole–Cole plot
of -18.1
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electric constant ( * ie =e’ e’’) as a function of frequency to
obtain the dipole relaxation frequency. The complex dielectric
constant is given by Equation (1):[62]

e * ¼ e0  ie00 ¼
e0  e1

ð þ Þ1 iwt 1a þ
e 1 e1

ð þ1 iwt1Þ 1a1
þ e1 ð Þ1

in which e 0 is the static dielectric permittivity, e1 is the high-
frequency limit of the dielectric consta andnt, a a1 are the
Cole–Cole distribution parameters, and andt t1 are the relaxa-
tion times of low and high relaxation modes. The fits of com-
plex dielectric constant are shown in Figure 5 with continuous
lines. The values of anda a1 were found to be very small (<
0.02), which suggested that the relaxation was of Debye type,
and this was further supported by Cole–Cole plots (Figure 5d).

The temperature-dependent relaxation time, as a function of

1/T, is shown in Figure 6. Below the isotropic transition, the re-
laxation time (t) decreases slowly at the beginning (region I)
and then decreases rapidly in the middle of the SmX phase (re-
gion II). As the temperature approaches the crystalline phase,
the relaxation time again decreases very slowly with a different
slope (region III). This trend is opposite to that of typical Arrhe-
nius behavior. However, such anom ous behavioal r was ob-
served in several liquid-crystalline systems and often attributed
to supramolecular LC formation.[63–65] As far as the uncommon
temperature dependence of the dielectric relaxation times is
concerned, this is probably due to an additional polar ester
linking group, which cause s a larger dipole moment, and their

repulsive interaction accounts for an increase in relaxation
time with increasing temperature.[66]

To obtain a quantitative estimation, three different regions
of the curve are fitted to the Arrhenius equation, t t= 0exp( /U
RT U), in which is the activation energy (shown in Figure 6 with
a continuous line). It gives negative activation energies: values
of 88, 292, and 20 kJmol1 in regions I, II, and III, respectively.
These results suggest that the relaxation mechanisms in the
SmX phase are very complex.

The higher values of activation energy could be due to the
enhanced elasticity and soft-glassy behavior of the SmX
phase.[67] The dielectric study of comp nd -10 is elaboratedou 1
in Figure S84 in the Supporting Information.

Electro-optical (EO) per formance

A typical voltage versus transmission ( –V T) curve in the BP of

compound -10 is show1 n in Figure 7a. The in-plane switching
(IPS)-type cell (Instec USA), with comb-type interdigitated elec-
trodes fabricated on the bottom substrate, was used for the
EO study. The width of the electrodes and the distance be-
tween them were both 15 m. The cell gap was 9 m. Them m

substr es had homogeneous alignment and rubbinat g was
done parallel to the electrode, although no surface treatment
was necessary for the BP. Transmission gradually increased
with applied voltage; however, only 65% transmission was ob-
served at a maximum applied voltage ( 100 V). Upon decreas-
ing the voltage, – almost overlapped with that of the in-V T
creas voltage and onlyed a slight hysteresis was observed.
However, this hysteresis-free behavior was obtained up to 2 C8
below the isotropic to BP transition temperature (TIso-BP).
Beyond this temperature range, the electric-field-induced tran-
sition from BP to N* was observed. As the strength of the elec-
tric field increased, the medium became anisotropic along the
electric-field direction and the change in birefringen ce obeyed
the Kerr effect in the low-field region. The output light intensi-
ty (Iout ) is given by Iout= Iinsin

2(f/2), in which I in is the input in-
tensity and is the opticaf l retardation. The induced birefrin-
gence, Dninduced, can be obtained from 2f= pd nD induced/l, in
which is the cell gap and is the wavelength of the incidentd l

light. Because the ratio of induced birefringence to the wave-
length of the incident light in the low-field region is propor-
tional to the square of the electric field and the proportionality

Figure 7. 1a) ltage versus transmission curve forVo -10 at T T Iso-BP=2 C. b) Plot of8 Dn induced/ asl a function of E2 .

Figure 6. Variation of relaxation time (semilogarithmic scale) as a function of
1/T in the SmX phase of compound -18. The continuous line is1 a theoretical
fit to the Arrhenius equation.

Chem. Eur. J. 2020, 26, 5859 – 5871 2020 Wiley-VCH rlag GmbHwww.chemeurj.org  Ve &Co. KGaA, Weinheim5865

Chemistry—A European urnalJo
Full Paper
doi.org/10.1002/chem.201905707

Printed by [U
niversity of H

yderabad - 014.139.069.133 - /doi/epdf/10.1002/chem
.201905707] at [02/07/2020].



constant is the Kerr constant ( K) of the medium, Dn induced/l=
KE2 ( electric field). FigurE= e 7b shows the plot for Dninduced/l
versus the square of the electric field (E2) at T T Iso-BP=2 C.8
Within the voltage range that our experimental setup could
supply, the induced birefringence was almost proportional to
E 2. Thus, the Kerr law was valid in this voltage range and the
slope represented the Kerr constant. The magnitude of forK
sample -10 was 5.87 101 K=  10mV2.

Crystal polymorphism

Of the materials studied herein, compounds -10, -12, and -1 1 1
14 exhibited crystal polymorphism during the heating cycle.
Compound -10 underwen transition from crystal1 t a 1 (Cr1 ) to
crystal 2 (Cr2 ) upon heating at a temperature of around
110.0 C.8 The optical micrographs of the change in Cr1 to Cr2
state are presented in Figure 8h–j. The SAXS/WAXS measure-
ments of compound -10 at two different temperatures con-1
firmed the presence of crystal polymorphism in the heating
cycle. The intensity versus 2 plot revealed the difference inq

peak position and peak nature recorded at two different tem-
peratures, 100 and 120 C, for Cr8 1 and Cr2, respectively (Fig-
ure 8a). The 2D diffractograms also substantiated the forma-
tion of two different crystal polymorphs. Interes nglyti , we have
also observed morphological changes in compound -10 upon1
annealing at a temperature of C, as verifie1178 d by FESEM
(field emissi on scanning electron microscopy) (Figure 8 f,g).
The color of the compound changed from bright yellow at
room temperature (pristine compound) to whitish-yellow after
heating to 117 8C (Figure 8b,d). The color change was also ob-
served in the two samples under UV light (Figure 8c,e). This
whitish-yellow color of the compound remained stable for sev-
eral hours. Details of crystal polymorphism of -12 and -141 1
are summarized in Figures S41, S42, S70, S72, and S74 in the
Supporting Information.

Mechanochromism

Materials containing the cholesterol and salicylideneaniline
moieties can be potentially used as mechanochromic materials.
The study presented herein exploits the chiral bent-shaped
materials for mechanochromic properties. All compounds of
the homologous series were weakly fluorescent in solution
(Figure S32 in the Supporting Information for the representa-
tive compound -14) and exhibited stron1 g photoluminescence

in the solid state. Upon applying mechanical energy through
grinding, the visible color of compound -10 (as1 a representa-
tive case) changed from bright yellow to dark orange–green,

as depicted in Figure 9a. Compound -10 also became amor-1
phous and sticky upon grinding. The color change obtained
upon grinding was reversible after the dropwise addition of di-

chloromethane to the well-ground sample (Figure 9a). Mecha-
nochromic photolu nescent properties were confirmed bymi
means of solid-state UV (in reflectance mode with KBr; Fig-

ure 9b) for representative compound -10. The –1 p p* band in
the neat state absorbed at a wavelength of 375 nm. How-l=

ever, upon mechanical grinding, the –p p* band shifted to a

lower wavelength of 357 nm. The emission spectrum for -101
displayed a red shift as lem shifted from 533 to 542 nml=

upon grinding the sample and the band returned to its origi-
nal position after the addition of DCM (Figure 9d). Powder X-
ray diffraction (PXRD) analysis showed that the material ob-
tained after grinding was different from the neat sample be-
cause the crystallinity of the compound after inding was re-gr
duced. The peaks in the ground sample were less sharp than
those in the neat sample (Figure 9c). FESEM studies further
confirmed the formation of a different sample after grinding.
FESEM images obtained before grinding were different from
the SEM images after grinding. The FESEM image of the neat
sample had long fibers/rod-like structures (Figure 9 f). However,
upon mechanical grinding, it formed a sponge-like structure
with a different stacking mode (Figure 9g). The schematic rep-
resentation in Figure elaborates the breaking of intermolec-9e
ular interactions without breaking any covalent bonds.

Thermochromism

Thermochromism is the ability of the material to change color
as the temperature is varied. The pitch of the CLCs is in the
order of the wavelen gth of light ( 400–700 nm). Therefore,l=

CLCs can undergo Bragg scattering and a change in tempera-
ture leads to a change in layer spacing. Hence, the color varia-
tion observed is due to a change in pitch (l=nP, in which isn
the average refractive index of the LC material and is theP
pitch length of the helical structure).[2] In this context, the
effect of the phase transition of CLC materials cannot be ignor-
ed and combine with the effect of pitch length variation of the
material to result in the observed thermochromism. CLCs are
widely considered as thermochromic materials that find vari-
ous applications, such as in a liquid-crystalline thermom er,et
thermography in medicine, and various branches of engineer-
ing. In general, thermotropic CLCs are viewed against a black
background because the selective reflection caused by CLCs
can be effectively seen upon it. In the present study, com-
pound -10, exhibiting the N1 cyb* phase, showed thermochro-
mic behavior upon cooling the sample.[47,68]

The sample melted at a temperature of 145.4 8C and a
yellow liquid was formed (Figure 10a). Upon cooling and sub-
sequently holding sample -10 at 125.0 C, the melted yellow1 8
sample started to convert into green at one of the corners
(Figure 10b) because it converted to the N* phase from the
yellow liquid. Subsequent cooling to 120 8C resulted in a green
color that spread over a larger area (Figure 10c). At C, the1158
green color covered the entire sample (Figure 10d,e). Further-
more, at C, the eenish color of the sample starte110 8 gr d to

change to yellow. At 105 C, most of the sample turned yellow8
with a few greenish lines along the ge (Figure 10 f). Thised
conversion of green to yellow at 105 8C could be rationalized

due to crystallization of the sample. Upon further cooling to
100 and 90 C, the yellow color spread all over the sample due8
to complete crystallization of the sample and it persisted
down to room temperature (Figure 10g,h). The schematic illus-
tration in Figure 10 i demonstrates the increase in pitch length
with a decrease in temperature.
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Conclusion

We have successfully engineered a chiral BCLC, in which an
electronegative chloro moiety was introduced at the transverse
position of the central benzene ring. Previously, we had placed
a methyl group at the same kink position of the molecular ar-
chitecture and observed exotic BPIII, BPII/I, Ncyb*, TGBA, SmAPA,
SmA, and SmX phases (Figure 1a).[47] Herein, the compounds

with a chloro core (Figure 1b) showe cubic BP overd a a wide
range of 16.4 this is one of the few reports on8C; a single-com-

ponent BCLC compound. In addition, two homologu -12es (1
and -14) exhibited an exotic phase sequence consisting of1
BPI/II, N*, TGBA, SmA, and SmX; these are similar to those
phases reported previo ly.us [47] Comparative DFT studies of the

two types of molecules (one with a chloro core, compound -41
(Figure 1b), and another with a methyl core (Figure 1a)) sug-

Figure 8. a) X-ray plot of two different ystal polymorphcr s of 1-10 at 1008C (Cr1, black) and 1208 C (Cr2, red) along with their 2D images. b) Compo -10 inund 1
its pristine state in normal daylight. c) Com und -1po 1 0 under UV light in its pristine state. d) Com und -1po 1 0 upon therm annea ng atal li 1178C in normal day
light. e) Thermally annealed compou -10 atnd 1 117 8C under UV light, (f,g) FESEM images of pristine compound -11 0 and after annealing at 1178C respective-
ly; POM micrographs of compou -10 showing (h) crystalnd 1 1 (Cr 1) at 107.78C (i) coexistence of Cr1 and Cr2 at 6.811 8C (a broad peak in the transition from Cr1
to Cr2 and a slight change in the tem rature observed by DSC and POMpe , respectively), (j) Cr2 at 121.8 C.8
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gested an increased dipole moment along the transverse direc-
tion (due to the effect of theI Cl group), which immensely
helped to stabiliz e the long-range cubic BP. Basically, the

chloro substituent makes the central core electron deficient
relative to that of the methyl core. SCXRD analysis confirmed
the bent architecture of the molecule and revealed fundamen-

Figure 9. 1 a) Images of compound -10 showing the change in color upon mechanical shearing and the reversibility of color change after the addition of di-
chloromethane (DCM inset showing the images under UV light ( 365 nm). b) Absorption spectr) ; l= a of 1-10 in the solid state : the black line indicates the
spectrum before grinding; the blue line indicates the spectrum after grinding. c) Intensity versus 2 plot of -10 showing the change in the XRD patternq 1
before and after mechanical grinding. d) Emission spectra of -10 in the solid stat the black line indicates the spectrum befor1 e: e grinding; the blue line indi-
cates the spectrum after grinding; the pink line indicat es the spectrum after the addition of DCM, lex=375 nm. e) Schematic illustration of the molecular ar-
rangement before and after grinding, showing the change in weak molecular interactions. FESEM images of 1-10 before (f) and after (g) grinding.
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tal structu ral insights, regarding the presence of two different
types of conformers in an asymmetric unit, and their different
weak intra- and inter molecular intera ions, such as CH··· andct p

CCl··· interactions. These weak interactions are of immensep

importance to unravel many fundamental aspects of structural
biology and chemistry. The compounds exhibited multistimuli-
responsive properties of polymorphism, mechanochromism,
and thermochromism. The thermochromic behavior was excel-
lent, showin color change asg a a function of temperature, and
the color at every temperature interval was extremely stable
(in terms of several minutes).

Experimental Section

General

Details of the characterization techniques have been published
elsewhere.[47,60] Briefly, the instrumental details are as follows. Struc-
tural characterization of the compound was performed through a
combination of 1H and 13C NMR spectroscopy (Bruker Biospin Swit-
zerland Avance III 400 MHz). NMR spectra were recorded as solu-
tions in deuterated chloroform, with tetramethylsilane (TMS) as an
internal standard. Attenuated total reflectance (ATR; FTIR Bruker-
ALPHA Bruker-1227-3513), UV/Vis/near-IR spectrophotometry (La-
bindia UV/Vis spectrophotometer 3000 ), spectrofluorophotome-+
try (Shimadzu, RF-6000), and mass spectrometry (Waters synapt
g2s) were also used. FESEM was performed by using a JEOL JSM-
7600F instrument. Mesomorphic studies were performed through
POM, DSC, and SAXS/WAXS measurements. POM textural observa-
tions of the mesophase were performed with a Nikon Eclipse
LV100POL polarizing microscope equipped with a Linkam heating
stage (LTS 420). DSC measurements were performed on a Perki-
nElmer DSC 8000 instrument coupled to a controlled liquid nitro-
gen accessory (CLN 2) at a scan rate of 108Cmin1. All images were
captured by using a Q-imaging camera. XRD studies were per-

formed on the samples by using CuKa ( 1.54l= ) radiation from a
GeniX3D microsource, with a Pilatus 200 K detector in the
Xeuss 2.0 SAXS/WAXS system. Single-crystal XRD data were collect-
ed by using a Rigaku XtaLABmini X-ray diffractometer equipped
with a mercury charge-coupled device (CCD) detector. Graphite
monochromated MoKa radiation ( 0.71073l= ) at room tempera-
ture with scans was used, and the space group determinationw

was performed by using Olex2.

General procedure for synthesis of 1-n

Scheme 1 provides the route for preparing the desired bent-
shaped LCs. The final compounds were prepared by heating a so-
lution of - (4- -alkyloxy-2-hydroxybenzaldehyde,c n n 1 equiv) with
compound (1 equiv) at reflux in ethanol withg a few drops of gla-
cial acetic acid as a catalyst for 3 h. The precipitated product was
purified by repeated recrystallization from absolute ethanol. The
final product was obtained as a light yellow solid.[47]

Compound 1-4

Yield: 85%; 1H NMR (400 MHz, CDCl3): 13.49 (s,d= 1H; OH), 8.49
(s, 1H ;  CH=N), 7.56 (dt, 7.4, 1.6 Hz,J= 1H; ArH), 7.36–7.27 (m,
3H; ArH), 6.51–6.48 (m, 2H; ArH), 5.44 (d, 5.0 Hz,J= 1H; CH=
C in cholesteryl), 4.95–4.87 (m, 1H; CHO in cholesteryl), 4.01
(t, J=8 Hz, 2H ;  OCH2), 2.52–2.44 (m, 2H; CH2 in cholesteryl),
2.06–0.85 (m, 45 extensive coupling in cholesteryl), 0.68 ppm (s,H;
3H; CH3 in cholesteryl); 13C NMR (100 MHz, CDCl3): .9, 13.9,d=11
18.7, 19.2, 19.4, 21.1, 22.6, 22.9, 23.9, 24.3, 27.8, 28.1, 28.3, 31.1,
31.9, 32.0, 35.8, 36.2, 36.7, 37.0, 38.1, 39.5, 39.7, 42.3, 50.0, 56.1,
56.7, 68.0, 75.8, 101.6, 108.0, 2.8, 121.6, 123.0, 127.2, 127.7, 127.8,11
133.1, 133.9, 139.5, 147.0, 162.9, 164.0, 164.2, 165.6 ppm; ATR:
2867–2930 (intramolecular H-bond of OH···N), 1734 (C=O stretch-
ing of ester), 1612 cm1 (CH=N stretching of imine); UV/Vis : l=
278, 334 nm; HRMS (ESI-MS): / calcd for Cm z 45H62ClNO4 [M+++++H]+:
716.4445; found: 716.4409.

Compound 1-6

Yield: 82%; 1H NMR (400 MHz, CDCl3): 13.48 (s,d= 1H; OH), 8.50
(s, 1H; CH=N), 7.57 (dd, 7.4 Hz, 1.8 Hz,J= 1H ; ArH), 7.37–7.28
(m, 3H; ArH), 6.52–6.49 (m, 2H; ArH), 5.44 (d, 5.1 Hz,J= 1H; 
CH=C in cholesteryl), 4.95–4.87 (m, 1H; CHO in cholesteryl),
4.01 (t, 4,J= 8 Hz, 2H ;  OCH2), 2.51–2.44 (m, 2H; CH2 in cho-

Figure 10. Photographs displaying the thermochromic behavior of 1-10
during oling from an isotropico c liquid (a), the transition to the mesophase
(b,c), the mesophase (d,e), the transition to a crystal (f; the yellow color sur-
rounded by the green line), and the crystal (g,h). i) A schematic illustration
of the change in pitch and visible lor of CLC with decreasing temperature.co

Scheme 1. Schematic route for the preparation of the desired bent-shaped
LCs. DCC , -dicyclohexylcarbodiimide, DMAP 4-dimethylaminopyridine.=N N’ =
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lesteryl), 2.03–0.86 (m, 49 extensive coupling in cholesteryl),H;
0.69 ppm (s, 3H ; CH3 in cholesteryl) ; 13C NMR (100 MHz, CDCl3):
d=11.9, 14.1, 18.7, 19.4, 21.1, 22.60, 22.62, 22.9, 23.9, 24.3, 25.7,
27.8, 28.0, 28.3, 29.0, 31.6, 31.9, 32.0, 35.8, 36.2, 36.7, 37.0, 38.0,
39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 68.3, 75.7, 101.6, 108.0, 2.8,11
121.6, 123.0, 127.2, 127.7, 127.8, 133.1, 133.9, 139.5, 147.0, 162.8,
164.0, 164.2, 165.6 ppm; ATR: 2850–2950 (intramolecular H-bond
of OH···N), 1725 (C=O stretching of ester), 1619 cm1 (CH=N
stretching of imine) ; UV/Vis: 278, 334 nml= ; HRMS (ESI-MS): /m z
calcd for C47H66ClNO4 [M+++++H]

+: 744.4758; found: 744.4728.

Compou 1-8nd

Yield: 83%; 1H NMR (400 MHz, CDCl3): 13.48 (s,d= 1H; OH), 8.50
(s, 1H ;  CH=N), 7.57 (dt, 7.4, 1.6 Hz,J= 1H; ArH), 7.37–7.27 (m,
3H; ArH), 6.52–6.49 (m, 2H; ArH), 5.44 (d, 4.7 Hz,J= 1H; CH=
C in cholesteryl), 4.94–4.88 (m, 1H; CHO in cholesteryl), 4.00
(t, 8,J= 4 Hz, 2H;  OCH2), 2.50–2.44 (m, 2H;  CH2 in cholester-
yl), 2.04–0.87 (m, 53 extensive coupling in cholesteryl), 0.68 ppmH;
(s, 3H; CH3 in cholesteryl); 13C NMR (100 MHz, CDCl3): .9,d=11
14.1, 18.7, 19.4, 21.1, 22.6, 22.7, 22.9, 23.9, 24.3, 26.0, 27.8, 28.1,
28.3, 29.1, 29.3, 29.3, 31.8, 31.9, 32.0, 35.8, 36.2, 36.7, 37.0, 38.1,
39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 68.4, 75.8, 101.6, 108.0, 2.8,11
121.6, 123.0, 127.2, 127.7, 127.8, 133.2, 133.9, 139.5, 147.0, 162.9,
164.0, 164.2, 165.6 ppm; ATR: 2837–2950 (intramolecular H-bond
of OH···N), 1736 (C=O stretching of ester), 1611 cm1 (CH=N
stretching of imine) ; UV/Vis: 278, 334 nml= ; HRMS (ESI-MS): /m z
calcd for C49H70ClNO4 [M+++++H]

+: 772.5071; found: 772.5041.

Compou 1-10nd

Yield: 84%; 1H NMR (400 MHz, CDCl3): 13.48 (s,d= 1H; OH), 8.50
(s, 1H; CH=N), 7.57 (dd, 7.5 Hz, 1.8 Hz,J= 1H ; ArH), 7.37–7.28
(m, 3H; ArH), 6.52–6.49 (m, 2H; ArH), 5.44 (d, 5.1 Hz,J= 1H; 
CH=C in cholesteryl), 4.95–4.87 (m, 1H; CHO in cholesteryl),
4.01 (t, 4,J= 8 Hz, 2H ;  OCH2), 2.51–2.49 (2 m,H; CH 2 in cho-
lesteryl), 2.03–0.86 (57 extensive coupling in cholesteryl),H;
0.69 ppm (s, 3H ; CH3 in cholesteryl) ; 13C NMR (100 MHz, CDCl3):
d=11.9, 14.2, 18.7, 19.4, 21.1, 22.6, 22.7, 22.9, 23.9, 24.3, 26.0, 27.8,
28.0, 28.3, 29.1, 29.35, 29.39, 29.6, 31.87, 31.92, 31.95, 35.8, 36.2,
36.7, 37.0, 38.0, 39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 68.4, 75.7, 101.6,
108.0, 2.8, 121.5, 123.0, 127.2, 127.7, 127.8, 133.1, 133.9, 139.5,11
147.0, 162.8, 164.0, 164.2, 165.6 ppm; ATR: 2824–2943 (intramolec-
ular H-bond of OH···N), 1711 (C=O stretching of ester), 1605 cm1

(CH=N stretching of imine) ; UV/Vis: 278, 334 nml= ; HRMS (ESI-
MS): / calcd for Cm z 51H74ClNO4 [M+++++H]

+: 800.5384; found: 800.5345.

Compou 1-12nd

Yield: 85%; 1H NMR (400 MHz, CDCl3): 13.47 (s,d= 1H; OH), 8.50
(s, 1H;  CH=N), 7.57 (dd, 7.5, 1.8 Hz,J= 1H; ArH), 7.36–7.27 (m,
3H; ArH), 6.52–6.49 m, 2H ; ArH), 5.44 (d, 5.0 Hz,J= 1H ; CH=
C in cholesteryl), 4.93–4.87 (m, 1H ;  CHO in cholesteryl), 4.01
(t, 4,J= 8 Hz, 2H;  OCH2), 2.51–2.49 (m, 2H;  CH2 in cholester-
yl), 2.03–0.86 (m, 61 extensive coupling in cholesteryl), 0.69 ppmH;
(s, 3H; CH3 in cholesteryl); 13C NMR (100 MHz, CDCl3): .9,d=11
14.2, 18.7, 19.4, 21.1, 22.6, 22.7, 22.9, 23.9, 24.3, 26.0, 27.8, 28.0,
28.3, 29.1, 29.4, 29.59, 29.62, 29.66, 29.69, 31.9, 32.0, 35.8, 36.2,
36.7, 37.0, 38.1, 39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 68.4, 75.8, 101.6,
108.0, 2.8, 121.6, 123.0, 127.2, 127.7, 127.8, 133.2, 133.9, 139.5,11
147.0, 162.9, 164.0, 164.2, 165.6 ppm; ATR: 2849–2940 (intramolec-
ular H-bond of OH···N), 1715 (C=O stretching of ester), 1605 cm1

(CH=N stretching of imine) ; UV/Vis: 278, 334 nml= ; HRMS (ESI-
MS): / calcd for Cm z 53H78ClNO4 [M+++++H]+: 828.5697; found: 828.5660.

Compound 1-14

Yield: 81%; 1H NMR (400 MHz, CDCl3): 13.49 (s,d= 1H; OH), 8.49
(s, 1H; CH=N), 7.56 (dd, 7.4 Hz, 1.8 Hz,J= 1H ; ArH), 7.36–7.27
(m, 3H; ArH), 6.51–6.48 (m, 2H; ArH), 5.44 (d, 4.7 Hz,J= 1H; 
CH=C in cholesteryl), 4.95–4.87 (m, 1H; CHO in cholesteryl),
4.00 (t, J=8 Hz, 2H; OCH2), 2.52–2.44 (m, 2H; CH2 in choles-
teryl), 2.06–0.86 (m, 65 extensive coupling in cholesteryl),H;
0.69 ppm (s, 3H ; CH3 in cholesteryl) ; 13C NMR (100 MHz, CDCl 3):
d=11.9, 14.2, 18.7, 19.4, 21.1, 22.6, 22.7, 22.9, 23.9, 24.3, 26.0, 27.8,
28.0, 28.3, 29.1, 29.4, 29.58, 29.62, 29.65, 29.69, 29.71, 29.73, 31.9,
32.0, 35.8, 36.2, 36.7, 37.0, 38.0, 39.5, 39.7, 42.3, 50.0, 56.1, 56.7,
68.4, 75.7, 101.6, 108.0, 2.8, 121.5, 123.0, 127.2, 127.7, 127.8,11
133.1, 133.9, 139.5, 147.0, 162.8, 164.0, 164.2, 165.6 ppm; ATR:
2847–2945 (intramolecular H-bond of OH···N), 1715 (C=O stretch-
ing of ester), 1605 cm1 (CH=N stretching of imine); UV/Vis : l=
278, 334 nm; HRMS (ESI-MS): / calcd for Cm z 55H82ClNO4 [M+++++H]+:
856.6010; found: 856.5967.

Compound 1-16

Yield: 87%; 1H NMR (400 MHz, CDCl3): 13.48 (s,d= 1H; OH), 8.49
(s, 1H ;  CH=N), 7.56 (dt, 7.3, 1.4 Hz,J= 1H; ArH), 7.36–7.27 (m,
3H; ArH), 6.51–6.48 (m, 2H; ArH), 5.44 (d, 5.0 Hz,J= 1H; CH=
C in cholesteryl), 4.95–4.87 (m, 1H; CHO in cholesteryl), 4.00
(t, J=8 Hz, 2H ;  OCH2), 2.52–2.47 (m, 2H; CH2 in cholesteryl),
2.06–0.86 (m, 69 extensive coupling in cholesteryl), 0.69 ppm (s,H;
3H; CH3 in cholesteryl); 13C NMR (100 MHz, CDCl3): .9, 14.2,d=11
18.7, 19.4, 21.1, 22.6, 22.7, 22.9, 23.9, 24.3, 26.0, 27.8, 28.1, 28.3,
29.1, 29.4, 29.6, 29.63, 29.69, 29.71, 29.73, 31.9, 32.0, 35.8, 36.2,
36.7, 37.0, 38.1, 39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 68.4, 75.8, 101.6,
108.0, 2.8, 121.6, 123.0, 127.2, 127.7, 127.8, 133.2, 133.9, 139.5,11
147.0, 162.9, 164.0, 164.2, 165.6 ppm; ATR: 2850–2920 (intramolec-
ular H-bond of OH···N), 1717 (C=O stretching band of ester),
1615 cm1 (CH=N stretching of imine) ; UV/Vis: 278, 334 nm;l=

HRMS (ESI-MS): / calcd for Cm z 57H86ClNO4 [M+++++H]+ : 884.6323;
found: 884.6349.

Compound 1-18

Yield : 85%; 1H NMR (400 MHz, CDCl3): 13.47 (s,d= 1H; OH), 8.50
(s, 1H; CH=N), 7.57 (d, 7.2 Hz,J= 1H; ArH), 7.37–7.27 (m, 3H ;
ArH), 6.52–6.49 (m, 2H; ArH), 5.44 (d, 3.4 Hz,J= 1H;  CH=C in
cholesteryl), 4.94–4.87 (m, 1H ;  CHO in cholesteryl), 4.00 (t, J=
8, 4 Hz, 2H ; OCH2), 2.51–2.49 (m, 2H ; CH2 in cholesteryl),
2.03–0.86 (m, 73 extensive coupling in cholesteryl), 0.69 ppm (s,H;
3H; CH3 in cholesteryl); 13C NMR (100 MHz, CDCl3): .9, 14.2,d=11
18.7, 19.4, 21.1, 22.6, 22.7, 22.9, 23.9, 24.3, 26.0, 27.8, 28.1, 28.3,
29.1, 29.4, 29.59, 29.63, 29.69, 29.73, 31.9, 32.0, 35.8, 36.2, 36.7,
37.0, 38.1, 39.5, 39.7, 42.3, 50.0, 56.1, 56.7, 68.4, 75.8, 101.6, 108.0,
112.8, 121.6, 123.0, 127.2, 127.7, 127.8, 133.2, 133.9, 139.5, 147.0,
162.9, 164.0, 164.2, 165.6 ppm; ATR: 2849–2915 (intramolecular H-
bond of OH···N), 1714 (C=O stretching of ester), 1607 cm1 (CH=N
stretching of imine) ; UV/Vis: 278, 334 nml= ; HRMS (ESI-MS): /m z
calcd for C59 H90ClNO4 [M+++++H]

+: 912.6636; found: 912.6690.
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