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Axially chiral binaphthyl derivatives with highly twisting powers were synthesised by substituting phenylcyclo-
hexyl (PCH) mesogenic moieties into 2,2 positions or 2,2',6,6" positions of binaphthyl rings. The di- and tetra-
substituted binaphthyl derivatives were adopted as chiral dopants to induce chiral nematic liquid crystals
(N*-LCs). The helical twisting power () of tetra-substituted binaphthyl derivative, D-3, having direct linkages
between the PCH moieties and the binaphthyl rings at the 6,6’ positions, was 449 um ™. This is ca. 2.6 times
larger than that (171 um ™ ") of di-substituted one, D-1. For systematic investigation of helical twisting power in
the binaphthyl derivatives, several tetra-substituted binaphthyl derivatives (D-2-D-9) were synthesised by
introducing different aromatic moieties into the 6,6" positions of the binaphthyl rings without methylene spacer.
When the substituents group changed from p-hexaoxyphenyl to p-hexaoxybiphenyl, the helical twisting powers of
the binaphthyl derivatives increased from 234 to 757um™ . Interestingly, D-3 and D-9 exhibited liquid
crystallinity. Although the liquid crystallinity of the chiral dopant has no direct influence on the helical twisting
power of the N*-LC, it plays a role in increasing the miscibility of the chiral dopant to host N-LC, leading to a
raise of the upper limit in concentration of the chiral dopant. Consequently, both the high helical twisting power
and the high miscibility of D-3 allowed us to prepare a highly twisted N*-LC, the helical pitch of which is in the

nano-order, e.g. 270 nm.

Keywords: chiral nematic liquid crystal; chiral dopant; binaphthyl derivative; helical twisting power

1. Introduction

Chiral nematic liquid crystals (N*-LCs) have been
attracting substantial interest for their potential
applications for circularly polarised light (1), reflect-
able polarisers (2), LC lasers (3), asymmetric synth-
esis (4) and chirality induction for conducting
polymers (5, 6). There are many kinds of chiral LC
phase, i.e. cholesteric or N*, blue phases (7) and twist
grain boundary (TGB) phases (8). In particular, the
N*-LC phase can be easily induced by adding a small
amount of chiral compound as a chiral dopant into a
nematic LC (N-LC). The helical pitch of the N*-LC
can be easily adjusted by changing the concentration
of chiral dopant or by modifying the helical twisting
power (HTP) of the chiral dopant itself (9). Most of
chiral dopants have no liquid crystallinity and
relatively large molecular weights. It follows that an
addition of large amount of the chiral dopant to the
host N-LC causes a lowering of phase transition
temperature from an isotropic to a nematic phase and
an increase in viscosity of the LC, as well as an
occurrence of crystallization (/0). A chiral dopant
with large HTP can prevent the degradation of the
N*-LC, because the desired helical pitch can be
obtained by adding a relatively small amount of
chiral dopant to the host N-LC. Thus, it may be more
preferable for induction of a highly twisted N*-LC to

change HTP of the chiral dopant rather than to
change the concentration of the chiral dopant (/7).

It is known that the binaphthyl derivatives have
large twisting powers. This property comes from
large steric repulsions between hydrogen atoms at the
8,8" positions of the naphthyl rings (/2). Many types
of binaphthyl derivatives with different substituents
in the 2,2 positions (5, 13), 2,2’,6,6" positions (5, 14)
or2,2',5,5',6,6" positions (/5) have been examined for
usages of chiral dopants to induce N*-LC. In
particular, binaphthyl derivatives substituted with
liquid crystalline groups at the 2,2',6,6’ positions of
the binaphthyl rings exhibit good miscibility towards
the host N-LC owing to their liquid crystallinities,
and also they have high HTPs based on axial chirality
(5, 14b). However, in spite of using binaphthyl
derivatives with high HTPs, it was difficult to induce
N*-LCs with nano-ordered helical pitches. Thus,
both miscibility and high HTP are required for the
effective transfer of the axial chirality of the
binaphthyl derivatives to the host N-LCs.

It has been reported that the rigid aromatic sub-
stituents generate large HTPs in o,o,0,0 -tetraaryl-
1,3-dioxolan-4,5-dimethanol derivatives (Taddol),
and that the HTPs increase with the rigidity of
substituents (/6, /7). In this work, to investigate an
amplification of HTPs in the axially chiral binaphthyl
derivatives, we introduced several rigid substituents
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group into the 2,2',6,6" positions of the binaphthyl
rings. Among them, the tetra-substituted binaphthyl
derivative, D-8, which has the direct linkage between
the p-hexaoxybiphenyl moieties and the 6,6" positions
of the binaphthyl rings, showed an extremely high
HTP of 757um~'. The roles of HTP and liquid
crystallinity of the chiral dopant in induction of
highly twisted N*-LC are also discussed.

2. Methods

All experiments were performed under argon atmo-
sphere. Tetrahydrofuran (THF) and dichloro-
methane (CH,Cl,) were distilled prior to use.
Williamson etherification and Suzuki coupling reac-
tions were used to synthesise the chiral binaphthyl
derivatives. The chemical compounds, (R)- and (S)-
2,2’-dihydroxy-1,1’-binaphthyl (optical purity, 0.99),
were purchased from commercially available sources.
The mesogenic compounds, 4-(zrans-4-n-pentylcyclo-
hexyl)phenol (PCHS500) and 4-(zrans-4-n-pentylcyclo-
hexyl)bromobenzene (PCHS5Br), were purchased
from Kanto Chemical Ltd.

N-LCs of phenylcyclohexane derivatives, 4-(trans-
4-n-propylcyclohexyl)ethoxybenzene (PCH302)
and 4-(trans-4-n-propylcyclohexyl)butoxybenzene
(PCH304), as well as di-substituted binaphthyl
derivatives [(R)-, (S)-2,2'-PCH506-1,1'-binaphthyl,
abbreviated as (R)-, (S8)-D-1] (shown in Scheme 1),
were synthesised according to the method described
in a previous report (Sa). The tetra-substituted
binaphthyl derivatives, D-2-D-8, were synthesised
by substituting aromatic moieties into the 6,6’
positions of the binaphthyl rings without methylene
spacers. Synthetic routes for the di- and tetra-
substituted binaphthyl derivatives are shown in
Scheme 1. The chiral binaphthyl derivative of D-9
was synthesised by means of the previously reported
procedure (15b). It should be mentioned that to
improve the miscibility of the chiral dopant with
the host N-LCs, we introduced PCH moieties into the
2,2" positions of binaphthyl rings (D-1) or into the
2,2',6,6' position of binaphthyl rings (D-2, D-3, D-9).

'"H and '>C NMR spectra were measured in
CDCl; using a JEOL 270 MHz NMR spectrometer.
Chemical shifts were measured in parts per million
downfield from tetramethylsilane as an internal
standard. The chemical properties of the compounds
synthesised are described in section 5. Polarising
optical microscopy (POM) observations were carried
out under crossed nicols using a Nikon ECLIPSE E
400 POL polarising optical microscope equipped with
a Nikon COOLPIX 950 digital camera and a Linkam
TH-600PM and L-600 heating and cooling stage with

temperature control. The phase transition tempera-
tures of the chiral dopants and the N*-LC were
determined using differential scanning calorimetry
(DSC, Perkin-Elmer) and a TA instrument Q100
DSC apparatus at a constant heating and cooling rate
of 10°Cmin "', where the results in the first cooling
and the second heating processes were recorded.
X-ray diffraction (XRD) measurements were per-
formed with a Rigaku D-3F diffractometer, in which
the X-ray power was set at 12kW.

3. Results and discussion
Mesomorphic properties of chiral dopants

Mesomorphic properties of the binaphthyl deriva-
tives were investigated using DSC, POM and XRD.
Among the chiral dopants synthesised, D-3 and D-9
exhibited liquid crystallinity. The phase transition
temperatures of D-3 were as follows: G—79°C—
SmX—99°C—I and Cr«52°Ce—SmX<«63°C«I in
the heating and cooling processes, respectively
(Figure 1). Note that Cr, Sm and I denote crystal,
smectic and isotropic phases, respectively.

POM of D-3 revealed a focal conic texture charac-
teristic of the smectic X (SmX) phase (Figure 2(a)).
The XRD of D-3 measured at 90°C gave a sharp
diffraction peak in the small-angle region (20=2.4°),
corresponding to 36.8 A, which is ascribed to the
interlayer distance. The diffraction peak in the wide-
angle region (20=18-22°) was assigned to the
intermolecular distance of LCs (from 4.9 to 4.07 A)
(Figure 3). From the POM and XRD results, the LC
phase of D-3 was assigned as being smectic.

In contrast, the phase transition temperatures of
D-9 were as follows: Cr—79°C—SmA—99°C—I and
Cre52°C<—SmA<«63°C<I in the heating and cool-
ing process, respectively (Figure 1). POM of D-9
revealed a fan-shape texture characteristic of a
smectic A (SmA) phase (Figure 2b) (14b).

Amplification of HTP and molecular extension

The N*-LCs were prepared by adding a small
amount of chiral dopant into an equimolar mixture
of the N-LCs PCH302 and PCH304. The molecular
structures of PCH302 and PCH304 are shown in
Scheme 2. It should be noted that although each
component (PCH302 or PCH304) exhibits a LC
phase, the LC temperature region is very narrow, i.e.
less than 1-2°C. This is not suitable for evaluating the
properties of the N*-LC, because even a small change
of temperature easily transforms LC phase into an
isotropic one. Hence, we prepared a mixture by using
two N-LCs with equimolar concentration. In the
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Scheme 1. Synthetic routes for di- and tetra-substituted axially chiral binaphthyl derivatives.
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Figure 1. DSC thermographs of tetra-substituted
binaphthyl derivatives, D-3 and D-9.

mixture, the nematic to isotropic temperature, 7.,
and the crystalline to nematic temperature, 7c.n,
might be raised and lowered, respectively. In fact, the
mixture exhibited a N-LC phase in the region from 0
to 30°C (5, 18).

The helical pitch of the N*-LCs was precisely
evaluated by measuring the distance between Cano
lines appearing on the surface of a wedge type cell
under POM observation (5S¢, 14b, 19). Meanwhile,
when the helical pitch was smaller than 1 um, it was
evaluated with the selective light reflection method.
The helical pitch was evaluated according to the
equation

pz)\'mux/na (1)

! | T T T T T
24 (36.8A) |
2t _
‘®
c
gt ]
£
[]
2 18.1° (4.9 A) 19.8° (4.5A) i
©
© ° 21.8° (4 A
gt 11 (8@ l - 8° (4 A) |
1 | ) | N | .
0 10 20 30
20(°)

Figure 3. XRD pattern of D-3 at 90°C in the heating process.

where 4,,,. is the wavelength for the reflected light
and n is the mean refraction index of the N*-LC
(n=1.5) (Se, 20).

Subsequently, the HTP (By) of the chiral dopant,
i.e. its ability to convert N-LC into N*-LC, was
evaluated using the equation,

Buv=I[(1/p)/clc20 (2)

where p is the helical pitch in um and ¢ is the mole
fraction of the chiral dopant in the N*-LC (12, 17,
21). We plotted the inverse of pitch (1/p) as a function
of the mole fraction of the chiral dopant, and
obtained linear relationship between 1/p and ¢ in
the low concentration regime.

The relationship between the number of substi-
tuents and HTP was investigated. D-1 and D-9 have

80°C 98°C

Cr Sy |
54°C 63°C

30°C 86°C
Cr—= S, — |
23°C 82°C

Figure 2. Polarising optical micrographs of D-3 at 62°C in the cooling process (a) and D-9 at 83°C in the heating process (b).
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Scheme 2. Molecular structures of host nematic LCs,
PCH302 and PCH304.

the PCH substituents at the 2,2’ positions of the
binaphthyl rings but the latter (D-9) also has the same
PCH moieties at the 6,6" positions of the binaphthyl
rings. Therefore, there was a difference between the
HTPs of D-1 (171um™~') and D-9 (200um™") (see
Table 1). In addition, all the HTPs of the tetra-
substituted chiral dopants (D-2-D-9) were larger than
that of D-1. This may be rationalised with a
difference in the number of substituents. Namely,
the axially twisting torque of the tetra-substituted
chiral dopants are more effectively transferred to the
environmental N-LC molecules, by virtue of inter-
molecular interactions between four PCH substitu-
ents and the host N-LC molecules, rather than in the
case of D-1 bearing two PCH substituents.

Interestingly, D-3 showed a high HTP of
449 um ', which is about 2.2 times larger than that
of D-9 (200 um ~'). The PCH moieties of D-3 and D-9
are linked directly and indirectly to the 6,6’ positions
of the binaphthyl rings, respectively. To elucidate the
relationship between the molecular structure and
HTP, the equilibrium geometries of D-3 and D-9 are
shown in Figure 4. It can be understood that absence
of the hexamethylene spacer, [-(CH,)s—], in D-3 leads
to a large rigidity in the linkage between the PCH
moieties and the binaphthyl rings.

When the substituent group changes from the
PCH moiety (D-3) to phenyl (D-5), p-hexaoxyphenyl
(D-7) and p-hexaoxybiphenyl (D-8), the HTP of these
binaphthyl derivatives is changed from 449 to 183,
192 and 757 um™!, respectively. Interestingly, a close
relationship between the length of aromatic group
and the HTP was observed (Table 1). The molecular
extension increases as follows; p-hexaoxybiphenyl >
PCH > p-hexaoxyphenyl > phenyl. The HTPs increased
in proportion to the molecular extension. As a result, we
obtained an HTP of 757um ™" in D-8, which is about
four times larger than that (183 um ") of D-5.

D-3 has a rigid linkage between the 6,6’ positions
of the binaphthyl rings and the PCH moieties, similar
to that of D-2. Thus, it has a large HTP (449 um '),
although the value is slightly smaller than that
(510um™ ') of D-2. The difference is due to an
increase in the length of methylene spacer between
the 2,2’ positions of the binaphthyl rings and the PCH
moieties; The dodecamethylene spacer, [-(CH»)(>],

Liquid Crystals 957

in D-3 makes the PCH fragments at the 2,2" positions
of the binaphthyl rings more flexible than the case of
D-2. This results in a slightly smaller twisting power
than D-2.

Role of helical twisting power and liquid crystallinity of
chiral dopant in induction of N*-LC

Since the helical pitch of the N*-LC is a primarily
important index for practical use, we examined the
role of the HTP and the miscibility of chiral dopant
to the host N-LC in induction of N*-LC.

Figure 5 shows the helical pitch of the N*-LC as a
function of mole percentage [mole of chiral dopant/
(mole of PCH302+mole of PCH304)] of the chiral
dopant. Higher concentration and high HTP of the
chiral dopants made the helical pitches smaller.
However, the N*-LC becomes a solid through phase
separation above an upper limit of concentration of
the chiral dopant. In spite of the high HTP of D-2, its
miscibility to the host N-LC is low due to its rigidity,
depressing the maximum concentration to 0.25mol.
%. However, owing to the increase of the flexibility,
D-3 has liquid crystallinity itself. Then, the liquid
crystallinity raises the miscibility of D-3 to the host
N-LC, giving a maximum concentration of 1.5mol.
%. Consequently, both the high HTP and the high
miscibility of D-3 allowed us to prepare highly
twisted N*-LC, the helical pitch of which is of
nano-order, i.e. 270 nm.

Figure 6 shows POM micrographs of the N*-LCs,
which were induced by 0.05, 0.125, and 1.5 mol. % of
chiral dopant (R)-D-3. Figure 6(a) and 6(b) show a
fingerprint texture with striae. The distance between
the striae corresponds to half of the helical pitch in
the N*-LC. Meanwhile, the micrograph in Figure 6(c)
shows a fan-shaped texture, but no striac were
observed. This is due to the fact that the distance
between the striae formed in N*-LC including 1.5 mol.
% of chiral dopant (R)-D-3 is too small to be detected
by POM with a resolution limit of ca. 1 um. It should
be emphasised here that although the liquid crystal-
linity of the chiral dopant has no direct influence on
the HTP, it plays an important role in increasing the
miscibility of the chiral dopant, leading to an increase
of the upper limit concentration usable for the chiral
dopant in the host N-LC.

The phase transition temperature (clearing tem-
perature) from N*-LC to isotropic phase depends on
the molecular structure and the mole concentration
of the chiral dopant, as well as the intermolecular
interactions between the chiral dopant and the N-LCs
(22). Figure 7 shows the N*-LC-isotropic phase
transition temperatures of the mixed systems as a
function of mole concentration of the chiral dopant.
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Table 1. Comparison of rigidity, helical twisting power (HTP, By), and liquid crystallinity between several types of tetra-
substituted binaphthyl derivatives (R-configuration)

HTP, By Liquid crys-

Rigidity® (um™h tallinity® Molecular structure
OO /((;Hg)so«i>—<:}ofﬁ11
D-1  low 171 - 0
0]
CLy ool )< o
<)~ 90
O( 26 sH 1
D-2 high 510 - O
¢ OO \<CH2)60«©—<:>>05H11
i~ )~

CsHi4 . O OO
D-3  high 449 SmX o/(CH2)1zo©OC5H11
OO O\(CH2)120‘@_QC5H11
CsHy 4 . Q
-
D-4  high 226 _ OO O/(CHZ)GO‘Q_QCSH1W
O

. O /(CH2120©_chH11
D-5  high 183 - O
O

alee oo )~ oo

re Oy
D-6  high 234 _
O
e OO
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HTP, Bp Liquid crys-

Rigidity® (um™ tallinity® Molecular structure
O
O/(CH2)120@O05H11
D-7 high 192 -
0
e
carso—{ )
ot I~ 99
o o= )~ o,
D8  high 757 -
0]
e -
a0~ )~
05H11O—®O(CHQ)G OO
D-9 low 200 SmA

~

oo )~ o,
O

(CH2)6O CsHyq

a) Rigidity in terms of linkages between the 6,6’ positions of the binaphthyl rings and the phenylcyclohexyl (PCH) moieties. b) Liquid

crystallinity of chiral dopant itself.

Since the chiral dopants of D-3 and D-9 have liquid
crystallinity themselves, the intermolecular interac-
tions between the chiral dopants and the N-LCs
should be larger than those in the case of D-1 and D-7
having no liquid crystallinity. Thus, the increases in
mole concentration of D-3 and D-9 raise the clearing
point (23). This suggests a thermal stability of the N*-
LC phase including D-3 or D-9. However, the N*-LC
including D-1 or D-7 showed a reverse trend, i.e. a
lowering of the clearing temperature with increasing
the mole concentration.

We also found that the N*-LCs induced by D-3
showed selective light reflections in the visible region,
as shown in Figure 8. The reflection colour depends
on the helical pitch of the N*-LC. Owing to high
upper limit (1.5mol. %) in mole concentration, we
were able to adjust the helical pitches of the N*-LCs.
N*-LCs with blue, green and red colours in the
selective light reflection were prepared by using
the chiral dopant D-3 of 0.75, 1 and 1.5mol. %,
respectively.

The helical sense of the N*-LCs was examined
through the miscibility test (5). The mixing area

between the N*-LC and a standard LC was observed
using POM. When the screw direction of the N*-LC
is the same as that of the standard LC, the mixing
area should be continuous. However, a discontinuous
boundary (a Schlieren texture characteristic of N-LC)
should appear between the N*-LC and the standard
LC when they have opposite screwed directions. The
cholesteryl oleyl carbonate was used as the standard
LC for the miscibility test. As shown in Figure 9, a
discontinuous or continuous area appeared between
the N*-LC with (R)-D-3 or (S)-D-3 and the standard
LC, respectively. Because the screw direction of the
standard LC is known to be left-handed, the screw
directions of the N*-LCs induced by (R)-D-3 and
(S)-D-3 can be deduced to be opposite to and the
same as that of the standard LC, i.e. right- and left-
handed, respectively.

4. Conclusions

We synthesised a series of tetra-substituted
binaphthyl derivatives by introducing several aro-
matic moieties into the 6,6’ positions of binaphthyl
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Top view Side view

(R)-D-9

Figure 4. Three-dimensional descriptions of molecular structures of (R)-tetra-substituted binaphthyl derivatives, D-3 and D-
9. The equilibrium geometries were obtained by the semi-empirical AM1 method.
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Figure 5. Changes of helical pitches in N*-LCs as a function of mole percentage of dopant (a, b). Helical pitches longer and
shorter than 1 um were evaluated by Cano’s wedge method and the selective light reflection method, respectively.

rings without methylene spacers. The extremely large
value of 757um ™' in helical twisting power (HTP)
for the N*-LC including the chiral dopant of D-8 is
the highest value of the axially chiral binaphthyl
derivatives.

We elucidated the roles of HTP and liquid
crystallinity of the chiral dopant in preparation of
highly twisted N*-LCs. The HTP of 449 um™~' and
liquid crystallinity of D-3 allowed us to prepare the
N*-LC with helical pitches of 850 to 270nm by
adding small amounts (0.5-1.5mol. %) of the chiral
dopant (D-3) into the host N-LC.

5. Syntheses
PCH506Br (1)

4-(trans-4-n-pentylcyclohexyl)phenol (PCHS500, 10 g,
40 mmol) in 25ml of acetone was added dropwise
to a stirred solution of 1,6-dibromohexane (10 ml,
120 mmol), K>COj3 (16.5 g, 120 mmol) and a catalytic
amount of 18-crown-6-ether in 300 ml of acetone for
12h at 60°C. Subsequently, the mixture was refluxed
for 24 h. The mixture was cooled, K,CO3 removed by
filtration and washed several times with H,O and
ether. The organic layer was washed with saturated
NaCl solution and dried over Na,SOy4. The organic
solvent was removed by rotary evaporation and the
remaining 1,6-dibromohexane was distilled out at
reduced pressure. Purification by silica gel column
chromatography (n-hexane/CH,Cl,=1) and recrys-
tallisation from ethanol afforded 14.11g (yield=
86.2%) of white powder. 'H NMR (270 MHz,
CDCl): ¢ 0.86-1.55 (m, 20H, CH, CH,, CHs),
1.72-1.93 (m, 8H, CH,, cyclohexane, Ph-CH-CH,—
CH,-), 2.35-2.44 (m, 1H, cyclohexane, Ph-CH-
CH,-), 3.41 (t, 2H, J=6.76 Hz, Ph-O-CH,-CH»-),

392 (t, 2H, J=6.44Hz, Br-CH,-CH>-), 7.08, 7.12
(d, 4H, J=297Hz, Ar-H). 3C NMR (270 MHz,
CDCl;): 6 14.5, 23.5, 25.9, 27.2, 28.9, 31.6, 32.3, 33.2,
34.3, 34.5, 35.1, 37.2, 39.8, 44.0, 65.5, 114.6, 128.1,
140.5, 157.2. Elemental analysis: calculated for
Cy3H;37BrO, C 67.47, H9.11; found, C 67.21, H 9.10%.

PCHS5012Br (2)

'"H NMR (270 MHz, CDCl;): é 0.88-1.44 (m, 32H,
CH, CH,, CHj3), 1.76-1.86 (m, 8H, CH,, cyclo-
hexane, Ph-CH-CH,-CH,-), 2.38-2.40 (m, 1H,
cyclohexane, Ph-CH-CH,-), 3.40 (t, 2H, J=
6.86 Hz, Ph-O-CH,-CH»), 3.92 (t, 2H, J=6.55Hz,
Br-CH,-CH,-), 6.80, 7.11 (d, 4H, J=2.78 Hz, Ar—
H). 3C NMR (270 MHz, CDCl;): § 14.53, 23.13,
26.48, 27.08, 28.59, 28.95, 29.17, 29.77, 29.79, 29.83,
29.92, 29.93, 32.63, 33.25, 34.08, 34.43, 35.01, 37.74,
37.82, 44.15, 68.35, 114.65, 127.97, 140.33, 157.64.
Elemental analysis: calculated for C,gHy4oBrO, C
70.56, H 10.01; found, C 70.91, H 9.95%.

(R)-2,2'-hydroxy-6,6-Br-Binol (3)

(R)-2,2'—dihydroxy-1,1'-binaphthyl (3.45g, 12.03
mmol) in 50ml of CH,Cl, was cooled to 0°C. A
solution of bromine 5g (31.28 mmol) was added
slowly with stirring, keeping the temperature 0°C.
Stirring was continued for 8 h at room temperature
(RT. The solution was washed with NaHSO;
solution, 10% NaOH and washed several times with
H,O and ether. The organic layer was washed with
saturated NaCl solution and dried over Na,SOy4. The
organic solvent was evaporated in vacuo and the
residue was purified by silica gel column chromato-
graphy (n-hexane/chloroform=1) and dried in vacuo
to give 4.92 g (yield=92%) of white powder. '"H NMR
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Figure 6. Polarising optical micrographs of N*-LCs at
27°C. The helical pitches of the N*-LCs are 5.3 (a), 2.3 (b),
and 0.27 um (c), respectively. The N*-LCs of (a), (b), and
(c) contain 0.05, 0.125, and 1.5mol. % of chiral dopant
(R)-D-3, respectively.

(270 MHz, CDCl3): 6 5.03 (s, 2H, ~OH), 6.94-8.03
(m, 10H, Ar-H). *C NMR (270 MH, CDCls): ¢
111.07, 118.42, 119.38, 126.283, 130.85, 130.97,
131.07, 131.27, 132.29, 153.36. Elemental analysis:
calculated for C,oH;,Br,O,, C 54.09, H 2.72; found,
C 54.15, H 2.92%.

36
~ 35F ©O
8 ' o/-,/’::‘;d
e —0— D-3
534.- e D-7
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n -
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0.0 0.2 04 06 08 10 1.2 14 1.6
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Figure 7. N*-LC-isotropic phase transition temperatures
of the mixed systems (PCH302, PCH304 and dopant) as a
function of mole percentage of chiral dopant (D-1, D-3, D-7
or D-9). The transition temperatures of the N*-LCs were
measured using DSC on cooling.

(R)-2,2'-PCH5012-6,6-Br-Binol (5)
'"H NMR (270 MHz, CDCl5): ¢ 0.87-1.85 (m, 80H,
CH, CH,, CH3), 2.36-2.40 (m, 2H, cyclohexane, Ph—
CH-CH,-), 3.87-3.96 (m, 8H, Ph-O-CH,-CH,-,
Ar-O-CH>-CH,-), 6.80-7.91 (m, 18H, Ar-H). '*C
NMR (270 MHz, CDClsy): & 14.54, 23.08, 23.15,

m V
d

400 600 800 1000 1200 1400
Wavelength (nm)

=
=)

0.6

Transmittance (a.u.)

mol. % 1.5 1.0 0.75 0.5
Apax fAM 405 520 710 1270
pinm 270 350 470 B850

Figure 8. Selective light reflection spectra of N*-LCs. The
N*-LCs of (a), (b), (c) and (d) contain 1.5, 1.0, 0.75, and
0.5mol. % of chiral dopant (R)-D-3, respectively.
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N*-LC with
(5)-D-3

Cholesteryl oleyl carbonate (Left-handed)

Figure 9. Miscibility test between the N*-LC induced by (R)- or (S)-D-3 and the standard LC, cholesteryl oleyl carbonate of

left-handed screw direction.

26.03, 26.54, 27.10, 29.56, 29.83, 29.86, 29.88, 29.89,
30.02, 32.02, 32.66, 34.11, 35.03, 37.76, 37.84, 44.17,
68.38, 70.20, 114.67, 116.31, 121.17, 123.78, 125.93,
126.41, 128.00, 128.17, 129.42, 129.68, 134.65, 140.35,
154.97, 157.67. Elemental analysis: calculated for
C78H108BI'204, C 7380, H 857, fOUl’ld, C 7352, H
8.54%.

(R)-2,2'-PCH506-binaphthyl (D-1)

'"H NMR (CDCl): 6 0.87-1.53 (m, 48H, CH, CH,,
CH3), 1.84-1.87 (m, 8H, cyclohexane, Ph-CH-CH,-),
2.36-2.45 (m, 2H, cyclohexane, Ph—-CH-CH,-),
3.72 (t, 4H, J=6.42 H;, Ph-O-CH,-CH,-), 3.86—
3.97 (m, 4H, Ar-O-CH>,-CH,-), 6.76-7.96 (m, 20H,
Ar-H). 3C NMR (CDCly): § 14.13, 22.72, 25.41,
25.47, 26.67, 29.10, 29.33, 32.22, 33.68, 34.61, 37.32,
3741, 43.74, 67.69, 69.69, 114.25, 115.94, 120.81,
123.43, 125.48, 126.02, 127.55, 127.78, 129.06, 129.29,
134.20, 139.91, 154.50, 157.18. Elemental analysis
(CesHgeO4),, (943.39),,: calculated C 84.03, H 9.19;
found C 84.08, H 9.21%. Specific rotation: [0]*sg0=

+22.5°dm g tem®.

(R)-2,2'-PCH506-6,6'-PCHS5-binaphthyl (D-2)

'"H NMR (CDCl;): § 0.87-1.52 (m, 80H, CH, CH.,,
CHs), 1.83-1.95 (m, 16H, cyclohexane, Ph—CH-CH>-),
2.34-2.50 (m, 4H, cyclohexane, Ph—CH-CH,-), 3.63—
3.68 (t, 4H, J=6.26 Hz, Ph-O-CH,-CH,-), 3.92-3.98
(m, 4H, Ar-O-CH,-CH»-), 6.69-8.01 (m, 26H, Ar-H).
13C NMR (CDCly): 6 14.23, 22.82, 25.53, 26.77, 29.21,
29.40, 32.32, 33.71, 33.76, 34.44, 34.69, 37.43, 37.49,
43.78, 44.34, 67.64, 69.78, 114.12, 116.28, 120.63,
125.29, 125.72, 125.91, 126.93, 127.16, 127.42, 129.29,
129.47, 133.17, 136.0, 138.54, 139.68, 146.57, 154.43,

157.0. Elemental analysis (CiooH3404), (1400.13),:
calculated C 85.78, H 9.65; found C 86.09, H 9.67%.

Specific rotation: [0 sgo=—50.1°dm ' g~ ' cm’.

(R)-2,2'-PCH5012-6,6'-PCH5-binaphthyl (D-3)

'"H NMR (CDCl;): 6 0.87-1.55 (m, 100H, CH, CH.,
CH3), 1.69-1.77 (m, 4H, CH,), 1.83-1.95 (m, 16H,
cyclohexane, Ph-CH-CH,-), 2.35-2.55 (m, 4H,
cyclohexane, Ph—CH-CH,»-), 3.88-4.00 (m, 8H, Ph—
O-CH,CH,-, Ar-O-CH,-CH,-), 6.80-8.03 (m,
26H, Ar-H). '3C NMR (CDCly): 6 14.24, 22.82,
25.76, 26.19, 26.76, 29.26, 29.49, 29.56, 29.65, 32.32,
33.47, 33.76, 34.44, 34.68, 37.41, 37.48, 43.79, 44.35,
67.97, 69.83, 114.16, 116.13, 120.50, 125.29, 125.67,
125.91, 126.93, 127.12, 127.47, 129.21, 129.41, 133.19,
135.90, 138.66, 139.78, 139.90, 146.54, 154.44, 157.10.
Elemental analysis (Cy1,H;5304), (1568.45),: calcu-
lated C 85.77, H 10.15; found C 85.90, H 10.22%.
Specific rotation: [0]*sso=—43.5°dm ' g~ 'cm?.

(S)-2,2'-PCH5012-6,6'-PCHS5-binaphthyl

"H NMR (CDCl5) 6 0.87-1.53 (m, 100H, CH, CH,,
CH3), 1.69-1.77 (m, 4H, CH,), 1.83-1.95 (m, 16H,
cyclohexane, Ph-CH-CH,-), 2.35-2.55 (m, 4H,
cyclohexane, Ph—CH-CH,»-), 3.88-4.00 (m, 8H, Ph—
O-CH,CH,-, Ar-O-CH,CH,-), 6.80-8.03 (m,
26H, Ar-H). '3*C NMR (CDCly): 6 14.10, 22.70,
25.63, 26.06, 26.63, 29.13, 29.38, 29.42, 29.52, 32.18,
33.59, 33.63, 34.31, 34.55, 37.28, 37.35, 43.67, 44.22,
67.84, 69.71, 114.02, 116.00, 120.38, 125.17, 125.55,
125.78, 126.70, 127.34, 128.61, 129.10, 129.28,
133.07, 135.78, 138.54, 139.66, 141.38, 146.42,
154.31, 156.95. Elemental analysis (C;2Hs5304),
(1568.45),,: calculated C 85.77, H 10.15; found C
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85.09, H 9.89%. Specific rotation: [u]*sg0=

+30.2°dm 'g 'em?.

(R)-2,2'-PCH506-6,6'-phenyl-Binol (D-4)

'"H NMR (270 MHz, CDCl;): § 0.87-1.50 (m, 48H,
CH, CH,, CHj), 1.83-1.87 (m, 8H, cyclohexane,
Ph-CH-CH>-), 2.34-2.43 (m, 2H, cyclohexane, Ph-
CH-CH»-), 3.65-3.70 (t, 4H, J=6.51 Hz, Ph-O-CH -
CH,-), 3.88-4.05 (m, 4H, Ar-O-CH,-CH»-), 6.70—
8.04 (m, 28H, Ar-H). '*C NMR (270 MHz, CDCl;): 6
14.10, 22.68, 25.43, 26.63, 29.08, 29.27, 31.53, 32.18,
33.62, 34.56, 37.27, 37.35, 43.66, 67.49, 69.56, 113.99,
116.08, 120.35, 125.49, 125.55, 125.85, 126.74, 126.93,
127.39, 128.53, 129.26, 133.18, 135.84, 139.59,
140.90, 154.42, 156.87. [2]%y=-19.36°dm 'g 'em®.
Elemental analysis: calculated for C;3Ho4O4, C
85.51, H 8.65; found, C 85.77, H 8.73%.

(R)-2,2'-PCH5012-6,6'-phenyl-Binol (D-5)

"H NMR (270 MH, CDCL): 6 0.86-1.53 (m, 68H, CH,
CH,, CH5), 1.68-1.76 (m, 4H, CH,), 1.83-1.87 (m, 8H,
cyclohexane, Ph—CH-CH,-), 2.35-2.44 (m, 2H, cyclo-
hexane, Ph-CH-CH,-), 3.88-4.01 (m, 8H, Ph-O-CH»—
CH,—, Ar-O-CH,-CH>-), 6.80-8.06 (m, 28H, Ar—H).
3C NMR (270 MHz, CDCly): 6 141.10, 22.68, 25.65,
26.05, 26.62, 29.13, 29.37, 29.44, 29.52, 29.66, 32.17,
33.62, 34.54, 37.26, 37.35, 43.66, 67.84, 69.65, 114.03,
116.00, 118.38, 119.87, 120.27, 125.51, 125.85, 126.71,
126.94, 127.35, 128.51, 129.22, 133.21, 135.78, 139.67,
141.01, 154.44, 156.95. [0]2y=-9.4°dm 'g"'em’.
Elemental analysis: calculated for CooH;;304, C 85.53,
H 9.41; found, C 85.07, H 9.21%.

(R)-2,2'-PCH506-6,6'-P0O6-Binol (D-6)

'"H NMR (270MH,, CDCl;): 6 0.77-1.53 (m, 66H,
CH, CH,, CH3), 1.75-1.87 (m, 12H, CH,, cyclohexane,
Ph-CH-CH,-), 2.34-2.43 (m, 2H, cyclohexane, Ph-
CH-CHy»), 3.64-3.68 (t, 4H, J=6.43 Hz, Ph-O-CH
CH»,-), 3.87-4.04 (m, 8H, Ar-O-CH,~CH»—, Ar-Ph—
O-CH,—CH»>-), 6.70-7.98 (m, 26H, Ar-H). >*C NMR
(270 MHz, CDCly): 6 14.03, 14.10, 22.59, 22.69, 25.44,
25.73, 26.64, 29.10, 29.27, 31.58, 32.19, 33.63, 34.56,
37.28, 37.36, 43.66, 67.52, 67.97, 69.67, 114.00, 114.61,
116.20, 120.52, 124.66, 125.42, 125.81, 127.29,
127.87, 129.04, 129.40, 132.83, 133.24, 135.56, 139.58,
154.22, 156.88, 158.27. [o]2y=-28.47°dm 'g 'em’.
Elemental analysis: calculated for CooH;304, C
83.41, H 9.18; found, C 83.23, H 9.11%.

(R)-2,2'-PCH5012-6,6'-PO6-Binol (D-7)

'"H NMR (270 MHz, CDCl;): § 0.87-1.54 (m, 86H,
CH, CH,, CH3), 1.69-1.87 (m, 16H, CH,, cyclohexane,

Ph-CH-CH,-), 2.35-2.44 (m, 2H, cyclohexane, Ph-
CH-CH,-), 3.88-4.01 (m, 12H, Ph-O-CH,-CH,-,
Ar-O-CH>-CH,-, Ar-Ph-O-CH,-CH,-), 6.80-8.00
(m, 26H, Ar-H). >*C NMR (270 MHz, CDCly):
14.04, 14.11, 22.60, 22.70, 25.65, 25.72, 26.06, 26.63,
29.14, 29.25, 29.39, 29.45, 29.53, 31.57, 32.18, 33.63,
34.55, 37.27, 37.35, 43.66, 67.84, 67.98, 69.73, 114.03,
114.58, 116.06, 120.40, 125.39, 125.80, 127.35, 127.87,
129.33, 133.36, 135.48, 139.66, 156.95, 158.24. [0]%3y=
-27.6°dm ™~ 'g 'em?. Elemental analysis: calculated for
C102H14206, C 8367, H 978, found, C 8283, H 9.54%.

(R)-2,2'-PCH5012-6,6'-BP O6-Binol (D-8)

'"H NMR (270 MHz, CDCl5): ¢ 0.87-1.53 (m, 96H,
CH, CH,, CH3), 1.66-1.86 (m, 16H, CH,, cyclohex-
ane, Ph—CH-CH»-), 2.35-2.43 (m, 2H, cyclohexane,
Ph-CH-CH,-), 3.854.04 (m, 12H, Ph-O-CH»
CH,-, Ar-O-CH,CH,-, Ar-BP-O-CH,-CH>),
6.77-8.10 (m, 34H, Ar-H). '>*C NMR (270 MHz,
CDCly): 6 14.17, 14.23, 22.72, 22.82, 25.80, 25.85,
26.19, 26.76, 29.27, 29.37, 29.47, 29.53, 29.58, 29.67,
31.70, 32.30, 33.75, 34.67, 37.40, 37.48, 43.79, 53.44,
67.95, 68.11, 69.80, 114.15, 114.74, 116.16, 120.43,
125.40, 125.51, 126.03, 126.88, 127.33, 127.46, 127.84,
129.34, 129.41, 132.92, 133.35, 135.46, 139.32, 139.77,
154.59, 157.08, 158.61. [0]259=-52.9°dm™'g 'em’.
Elemental analysis: calculated for Ci14H;5006, C
84.71, H 9.35; found, C 84.66, H 9.30%.
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