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A new series of three ring type liquid crystalline compounds containing partially fluorinated alkeny! or alkyl
side chains together with fluorine substituted cyclohexylbiphenyls were designed and synthesized in this study.
The structures of synthesized compounds were established by 'H, "*C and "°F NMR spectroscopy. The phase
transition temperatures of fluorinated liquid crystalline compounds were determined by cross-polarizing mi-
croscopy equipped with hot stage. All compounds were found to have nematic liquid crystalline phase with rel-
atively low phase transition temperature and wide liquid crystalline temperature range. ‘The dependence of
phase transition temperatures on the chain length falls into three categories; (a) decreasing transition tempera-
tures for 4-fluoro-4'-[4-fluoro-4-(1-fluorcalkyl)eyclohexyllbiphenyl (15) series, (b) higher transition tempera-
tures for odd numbered chains for 4-fluoro-4'-[4-fluoro-4-(1-fluoroalk-1-enyNevcelohexylbiphenyl (14) series,
(¢) higher transition temperatures for even numbered chains for 4-[4-(1 2-difluoroalk-1-enyl)-d-fluorocyclo-

hexyl]-4'-fluorobiphenyl (16) series,

Introduction

Liquid crystalline materials have been extensively investi-
gated because of their applicability to liquid crystal display
(LCD). Especially, partially Nuorinated liquid crystals have
been extensively studied because of their unique propertics
such as low viscosity. low bireliingence, and low conductiv-
ity."? Among the various latcral substituents in the liquid crys-
talline system. fluorine substituent is most commonly used
beecause ofl'its small size. high clectronegativity. large C-F bond
dissociation cnergy. and poor leaving group ability."'""
Recently, liquid compounds with partially Nuorinated alkyl
chains are ol speceial interest in line tuning liquid crystalline
propertics.' > 712 In the casc of some liquid crystalline
compounds with 3 ring system. it was reported that by the
introduction of fluorine atoms at the terminal phenyl group.
nematic-isotropic (NI) point decreased, nematic temperature
range narrowed, optical anisotropy and clastic constant de-
creased. and dielectric anisotropy increased. '

As a part of an cifort to develop novel liquid crystalline
compounds which can be used in liquid crystal display
(LCD), we designed new three ring type compounds con-
taining partially fluotinated alkenyl or alkyl side chains together
with fluorine substituted cyclohexylbiphenyls. These com-
pounds were designed on the following basis. First, the tet-
minal [luorine atom of biphenyl and fluorine atoms in the
side chain would increase the dipole moment to the long axis
ol the molecule. Second, the fluorine atoms in the side chain
would increase the dipole moment in the middle pottion to

H(F)

R=partially fluorinated alkyl or alkenyl

cause the decrease the interactions between molecules. Here,
we developed a new and versatile synthetic pathway to svn-
thesize a series of partially fluorinated liquid crystalline
compounds.

Experimental Section

Caution!. Metal-halogen exchange reaction and deproto-
nation should be carried out at below —100~—110 °C in
order to avoid side reaction. Also. it was reported that
dicthyaminosulfur trilluoride (DAST) can decompose violently
upon contact with water or heating above 50 °C. Fluotination
should be carried out in a fume hood.

Reagents and Instruments. Alkyllithium compounds were
purchased rom Aldrich or prepared (rom cotresponding alkyl
bromides. '11. ®C and "°F NMR spectra were obtained using
Bruker Avance 400 spectrometer. The phase transition tem-
peratures and liquid crystalline phases were observed on Met-
tler FP 90 coupled with Olympus BI[-2.

Synthesis. The synthetic route for the preparation of lig-
uid crystal compounds is shown in Scheme 1. One of the key
rcactions in our synthesis is the coupling of 1.2-dilluoroalke-
nyllithium with 4-(4'-fluorobiphenyl-4-y1)cyclohexanone (9)
to give 1-(1.2-difluoroalk-1-eny1)-4-(4'-luorobiphenyl-4-y1)-
cyclohexanol (10). frans-1.2-Difluoroalkene 3 was prepared
according 1o J. Normants work which was lithiated with n-
alkyllithium at low temperature."*"* Compound 9 was prepared
from commercially available 4-(4-hydroxyphenyl)cyclohex-
anone via a serics of reactions such as protection with cthyl-
enc glycol. triflation, Suzuki coupling reaction'” with 4-lluoro-
phenylboronic acid and deprotection ol ketal group.

The typical synthetic procedure for the preparation ol lig-
uid crystalline compounds with the alkyl chain length ol six
is described as follows.
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Scheme 1. Synthetic Scheme for the Preparation of Liquid Cry-
stalline Compounds.

1-(1,2-Difluorohex-1-enyl)-4-(4'-fluorobiphenyl-4-yl)-
cyclohexanol (10). To a solution of frans-1.2-difluorohex-
ene (3; 1.73 mL. 10.6 mmol) in THF {10 mL) was added 2.5
M n-BuLi (4.26 mL, 10.6 mmol. the rate of addition was
adjusted so that the reaction temperature did not rise above
-100 °C) using pentane/N; bath. The reaction mixture was
maintained for 1 h at -78 °C. To this reaction mixturc was
added compound 9 (2.596 g. 9.67 mmol) dissolved in THF
(35 mL) dropwise. Alter | hour, the temperature was raised
to 1. The reaction mixture was quenched with saturated
NILCL, extracted with cthyl acetate, dried over NaySQq. The
solvent was evaporated in vacuo 10 give crude 10, which was
chromatographed (hexanes : cthyl acctate —4 : [. Ry— 0.56.
trans; Ry—0.30, cis) to give a white solid 10a {fruns. 0.842
g. 22.4%) and liquid 10b (cis. 2.478 g, 65.9%). 10a; 't
NMR (400 Mz CDClz): §0.94 (31, ). 1.35 (211, m), 2.53
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(2H, m), 1.92 (911 m). 2.36 (211, m), 2.59 (111, m), 7.10 {211,
m), 7.31 (2H1, m), 7.49 (41, m): *C NMR (100 MIiz, CDCls,
transy: 8 14.1,22.3, 27.2(d), 28.2, 28.9, 35.1, 43.6. 71.4(q).
115.8, 116.0, 127.4, 127.7, 128.9(d), 137.6(d), 138.5, 146.5,
150.9(q). 152.3(q). 162.7¢d). 10b: '11 NMR (400 Mt [z, CDCL,
¢is): 8 0.96 (311, 1), 1.42 (2EL m), 1.61 (4H1. m), 1.95 (211,
m), 2.23 (111 bs), 245 (411, m), 2.63 (111, m), 7.09 (211, m).
7.24 (211, m), 747 (411, m); "*C NMR (100 Mllz, CDCls,
cis): 6 14.1,22.4, 27.3(d). 28.2, 31.8, 36.8(d). 43.2, 73.5(q).
1159, 116.1.127.4, 127.7, 128.9(d). 137.5(d), 138.6, 143.8,
150.7(dd). 153.3(dd), 162.8(d): "’F NMR (376.4 Ml [z, CDCI5):
8 116.3(m). 146.6(d1), 164.2(d1).

Rearrangement of (10). Compound 14 was rearranged to
4-|4-(1,2-diluorohex- 1-enyl)cyclohex-3-enyl|-4'-Nuorobi-
phenyl (115 64 mg, 2.79%) and 1-(luoro-1-|4-(4'-Muorobiphe-
nyl-4-yl)cyclohexylidenc [hexan-2-one (12: 1.20 g, 51.2%) in
the presence of catalytic amount of acid which was present
in CDCls. 115 '11 NMR (400 Mtlz, CDCls): 6 0.94 (311, 1),
1.39 (211, m), 1.54 (2tL, m), 1.81 (111, m), 2.04 (1L d), 2.4
(611, m), 2.86 (1F1, m), 6.13 (111 5), 7.11 (211 m), 7.3 (211,
d). 7.51 (411, m); “C NMR (400 MIiz CDCls): § 14.2.22.4,
26.0(q), 27.5(d), 28.5.30.0. 33.7,39.4, 115.9. 125.2(d), 127 4.
127.7, 128.%(d), 137.5(d). 138.6, 146.1, 149.1(q). 152.0(q).
162.7, 116.1. 123 "HE NMR (400 MlIz, CDCls): 6 0.93 (311,
th 1.36 (211 m), 1.6 (AE1. m). 2.05 (411, m), 2.63 (211, m), 2.78
(1E1, m), 3.04 (111 d). 3.85 (111, d), 7.08 (211, m), 7.24 (2.
d). 7.5 (4t m); *C NMR (100 MIz CDCL): 8 14.3. 22.8,
25.9(d), 27.5(q). 34.8(q). 40.3(d). 43.9, 116.0(d). 127.5. 127.7.
128.9(d), 132.9(d), 137.5(d), 138.6. 145.5, 148.9(d). 162.8(d).
197.6(d).

1-Fluoro-1-|4-(4'-fluorobiphenyl-4-yleyclohexylidene|-
hexan-2-ol (13). To the solution of 12 (4.32 g. 11.7 mmol)
in THF (70 mL) was added o sodium borohydride (0.11 g,
2.91 mmol). The reaction mixture was stirred lor (2 h at rt,
quenched with saturated N1 ;C1 (50 mL), extracted with cthyl
acetate (2 X 50 mL), washed with water (2 x 30 mL). and
dricd over Na;S0O;. The solvent was evaporated in vacuo to
give diastercomeric mixture of 13, which was chromatographed
on silica gel (hexane @ ethyl acctate — 6 ¢ [) to give a whilte
solid 13a (Ry— 0.25. 1.99 g. 45.8%) and a white solid 13b
(Ry—0.15, 1.76 g. 40.5%). 13a; "1l NMR (400 Mtz CDCls):
0 0.89 (311 1). 1.29 (81L. m). 1.63 {4LL. m). 1.86 (2t1, m).
2.00 (3t m), 2.57 (111, d), 2.69 (1H, m). 3.01 (111, d), 4.52
(111, 1d), 7.09 (21, m). 7.25 (211, d). 7.545 (411, m): "C NMR
(100 M1z, CDCL3): 8 14.5. 23.0, 25.8, 25.9(d), 28.0(d). 29.5.
32.2, 344, 35.0. 35.1. 44.4, 67.5(d). 1159, 116.1. [17.2(d),
127.4, 127.7. 1289(d). 137.5(d). 138.5. 146.1, 151.8(d). [62.8
(d). 13b; "1l NMR (400 Mtlz CDCls): § 0.90 (311, t). 1.41
(1011, m). 1.79 (4E1. m}, 2.06 (311, m). 2.55 (1H, d), 2.71 {111.
m), 3.01 (111, d), 4.52 (1H. 1d). 7.10 (2E, m), 7.25 (2t [, d), 7.51
(411, m); *C NMR (100 Ml CDCl:): 8 14.5, 23.1, 25.8,26.2
(d), 28.2(d}. 29.5,32.3.34.7. 34.8, 35.6, 44.3, 67.5(d). 1159,
116.1. 117.7(d}, 1274, 127.7. 128.8(d). 137.5(d). 138.6. 146.0.
151.5(d). 162.8(d)

4-Fluoro-4'-|4-fluoro-4-(1-fluorohex-1-enyl)eyelohexyl|-
biphenyl (14). To the solution of DAST (1.58 L. 11.9 mmol)
in Cl1[:Clz (5 mL) was added compound 13 (3.69 g, 9.96
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mmol) in CH2Cls (20 mL) maintaining below 76 °C. After
the addition. the temperature was slowly raised to 0 °C. The
reaction mixture was quenched with ice and water, extracted
with ethyl acetate (2 X 50 mL). dried over Na:SQy. The sol-
vent was evaporated in vacuo 1o give crude 14, which was
chromatographed on silica gel (hexane : ethyl acetale — 10 : 1)
1o give a white solid 14a (Re— 0.45. 1.72 g, 46.4%, assigned
1o have trans conliguration) and a colorless liquid 14b {R¢—
0.45, 1.51 g. 40.7%, assigned 1o have ¢is conliguration). 14a;
'H NMR (400 Mllz. CDCl): 8 0.91 (311, 1), 1.35 (4E1, m),
1.84 (611, m), 2.14 (4FL. m). 2.58 (111, m), 4.98 (111, dt), 7.09
(211, m), 7.29 (211, d), 7.50 (411 m): '*C NMR (100 MTlz,
CDCly): 8 14.4(d), 22.7(d), 23.4(d), 29.1, 31.8. 333, 33.5, 43.0,
92.1(dd}, 106.0(q). 115.9. 116.1. 127.5, 127.8. 128.9(d), 1375
(d). 138.6, 146.1. 159.5(dd). 162.8(d). 14b; '[l NMR (400
Mllz. CDCl): 8 0.93 (311, 1). 142 (411, m). 1.66 (211, m).
1.1.85 (211, m), 1.98 (211, m). 2.22 (1L m), 2.37 (2L, m),
2.71 (11, m), 5.14 (111 d1). 7.10 (211, m). 7.25 (211, d). 7.43
(411, m); “C NMR (100 Ml CDCl:): & 143, 22.7(d), 23.7
(d). 31.6, 33.5(d), 33.7(d), 42.9, 94.4(dd). 111.2(q). 115.9,
116.1, 127.5. 127.7, 128.9(d). 137.4(d), 138.7, 145.0. 157.1
(dd). 162.8(d).

4-Fluoro-4'-[4-fluoro-4-(1-fluorohexyl)cyelohexyl|bipheyl
(15). Crude mixture of compound 14 (100 mg, 0.268 mmol)
in ethanol (30 mL) was reduced with 11> (435 psi) and Pd/C (5
mg, 10% Pd}. The Pd/C was filtered olf and the residue was

evaporated in vacuo 0 give a crude compound. which was

purified by column chromatography {hexane) (o give a white
solid 15 (44 mg. 43.8%). 'TI NMR (400 M1l CDCls): 6 0.91
(GH. 1), 1.6 (1411 m). 2.0 (111, m), 2.13 (111, m), 431 (1L
di). 7.1 (211, m), 7.3 (211, d). 7.5 (411, m); "C NMR (100 M,
CDCl3): & 14.4. 22.9. 25.8(d), 29.0(d), 29.3(dd), 30.7(dd).
31.8(dd). 32.0,43.3. 94.8(dd). 97.1(dd). 116.0(d). 127.4.127.7,
128.9(d). 137.5(d). 138.6. 146.1. 162.8(d).

4-Fluoro-4'-|4-(1-fluorohex-1-enyl)eyclohex-3-enyl|bipheyl
(16). To the solution of compound 14b {500 mg. 1.34 mmol)
in THF (10 mL} was added BFxOE1: (0.80 mL, 6.2 mmol) at
1t for 1 hr. The reaction mixture was quenched with 5% aq.
NalICQs. extracted with cthyl acetate (2 x 20 mL), dried over
MgSQ;. The solvent was evaporated ## vacuo 10 give crude
14, which was chromatographed on silica gel (hexane : CI>Cl,
- 10:1) to give a white solid 16 (0.46 g, 97.2%) 'I1 NMR
(400 Mllz, CDClz): § 0.91 (1L t). .35 (41 m), 1.82 (IFL.
m), 2.04 (1t m), 2.19 (211, m). 2.30 (3L m), 2.51 (111, m).
2.85 (111, m). 4.80 (1H. td), 6.19 (111, bs). 7.11 (211, m), 7.29
(2H. d). 7.50 (411 m): 13C (100 Mtz CDClz): & 14.3,22.8.
24.1{d}. 25.2(d). 30.0, 32.2, 33.6. 39.8. 105.4(d). 115.9, 116.1.
123.4(d). 127.5, 127.7. 128.9(d). 129.1(d). 137.5(d). 138.6.
146.1. 158.0(d). 162.8(d).

Reaction of 1-(1,2-Difluorohex-1-yl)-4-(4'-fluoro-biphe-
nyl-4-yljeyclohexanol (10) with DAST. DAST (0.253 mL.
1.77 mmol) in CH:Cl> (2 mL) was introduced to a well dried
5 mL 1-neck round bottom flask under Ar and cooled 10 -76
°C. To this solution was added 10 (627 mg. 1.61 mmol) in
CIH>Cl; (2 mL) maintaining below -76 °C. After the addi-
tion, the temperature was slowly raised to 0 °C. The rcaction
mixture was quenched with ice and water, extracted with
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cthyl acctate (2 x 20 mL), dried over Na>SOy. The solvent
was evaporated 7 vacuo and chromatographed on silica gel
(hexanc) o 4-4-(1,2-difluorohex-1-enyl)-4-fluorocyelohex-
vl]-4"-Nuorobiphenyl (17; 64 mg, 10.5%) and 4'-fluoro-4-[4-
(1.2.2-trifluorohexylidenc)eyclohexyl[bipheny! (18; 248 mg,
39.0%). 17; "L NMR (400 M1z CDCls): 30.94 (3t 1), 1.45
(4, m}, 1.91 (611.m). 2.41 (411, m), 2.62 (1, m), 7.10 {211,
m), 7.30 (211. m), 7.50 (411, m); “C NMR (100 Mt [z, CDCls):
6 13.9, 22.0, 24.0, 26.8, 27.7, 35.2(1), 42.6, 115.6(d), 123.5
(q). 127.1(d), 127.3, 128.5(d), 137.1. 138.2, 145.5(d). 148.5
(q), 152.5(m), 163.6(d). 18; "1l NMR (400 MlIz, CDCl;): &
(.93 (311 1), 1.50 (611, m), 2.00 (61, m), 2.69 (111 m). 3.00
(21, m), 7.06 (211, m). 7.22 (2H1, m), 7.48 (411, m): ""C NMR
(100 MtTz, CDCls}: 613.9.22.5. 24.2(1). 26.3(1). 26.6(1). 34.3.
34.7,35.8(1), 45.8. 115.6(d). 120.5(1d), 122.4(d). 127.1, 127 4,
128.6(d), 137.2(d), 138.3, 145.3(dt), 145.4. 162.2(d).

Result and Discussion

In our synthetic scheme compounds 10 were key compounds
to a serics of liquid crystalline compounds through acid cata-
lyzed rearrangement, fluorination with DAST.'® catalytic hydro-
genation, or reduction of rearranged compounds followed by
fluorination. Compounds 1# were obtained as mixture of ¢is
and trans compounds which were able to be separated easily
with silica gel colwnn chromatography. These compounds
were labile to acids and rearranged mainly (o enones 12"
and small amount of dicnes 11 even in the presence of trace
amount of HCI which was present in CDCls. The rearranged
t-fluoro enone compounds 12 were reduced with NaBl [y to
give diastercomeric mixture of compounds 13 which were
scparated with silica gel column chromatography. The reac-
tions ol 10 with catalytic amount ol acid and DAST gave
interesting results. The reason (or the formation of 12 and 18
as major products is explained duc to the stability of car-
bocation at the a position of Nuorine is greater than that of
tertiary position of cyclohexane ring (Figure 1).

In this study, we designed and prepared novel liquid erys-
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F ( T Ar
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-H" l H

F F F
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Figure 1. Proposed mechanism for the formation of 12 and 18 as
major products from 10.
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Table 1. The phase tramsition temperature of liquid ervstalline com-
pounds

Phase Transition

Compound  H=Calln Temperature °C
No n Crystal-Nematic - Nematie-Isotropic
11 4 lleating 67, 124* 132.5
Cooling 40.2 132.5
14 3 Ilealing 65 90 dee.
Cooling 30
4 leuting 61 9 dee.
Cooling 39.7
5 lleating 67.6 90 dec.
Cooling 43.5
6 Ilealing 53 90 dec,
Cooling 34
15 3 leuting 119.5 177 dec.
Cooling 8y
4 lleuting 110.2 172.7 des.
Cooling ®9.1
5 Ilealing 104 161.4 dee.
Cooling 81.6
6 lHeuting 103.6 163.3 dec.
Cooling 93

tallinc compounds and developed a svnthetic pathways. The
phase transition temperaturcs of the synthesized liquid crys-
tallinc compounds were determined by cross-polarizing micro-

(a) 11 (n=4), 129 °C

(f) 15 (n=4), 171 °C

=3 T Py & R

(i) 16 (n=5), 129 °C (i) 14 (n=6), 66 °C

Yong Sup Uhm et al.

Table 1. Continued

PPhase Transition

Compound ~ R=Callann Temperature °C
Ne n Cryvstal-Nematic - Nematic-Isotropic
16 3 Tealing 02 126
Cooling 42.8 126
4 Iieating 735 1323
Cooling 35.6 132.3
5 Heatmg 03 130
Cooling 48 130
¢ Heating o7 126
Cooling 335 126
4 Iieating 34.0 60.3
17
Cooling 204 3271

#*showed dark arca due to vertical orientation between 67 °C and 124 °C.
nematic liquid ervstalline state between 124 °C and 132.5°C.

scopy cquipped with hot stage (Table 1).

Most ol the compounds showed nematic liquid crystalling
phasc between 60 “C~130 °C. Nematic phase can be identi-
ficd duc to its characteristic shape under polarizing micro-
scope. Photomicrographs of some of the liquid crvstalline
compounds arec shown in Figure 2.

To our surprisc compound 11 has vertical orientation
above ncematic trasition tempcraturc. showing dark arca
between 67 °C and 124 °C. [t showed another liquid cryvstal-

(k) 15 (n=6), 120 °C (1) 16 (n=6), 125 °C

Figure 2. The nueroscopic images of nematic phase of sinthesized hquid ervstalline compounds.
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Fignre 3. The dependence of transition temperature on the alkyl
chain length on heating scan.

line state about 8 degrees below isotropic state to show col-
ot(ul arca. Compounds 11 and 17 showed relatively low
phasc transition temperature without decomposition. How-

cver, they were oblained as minor product in the course of

main synthetic scheme. Compounds 14 and 15 decomposed
to 16 at high tempcerature by loosing [IF. Compounds 14b
and 18 do not have liquid crystalline propertics probably
beeause of their bent structute.

The dependence ol transition temperature on the alkyl
chain length is diflerent lor cach series of liquid crystalline
compounds. (Figure 3) Compound 14 scrics show lower
transition temperature for even number chain, compound 17
series show lower transition temperature for odd number
chain, and compound 15 scries show lowering transition
temperature as chain length increase.

Conclusion

All the compounds designed and prepared in this work
showed nematic liquid crystalline propertics. At this stage,
the length of (luorine substituted side alkyl chain was limited
only to five and cight carbons due to the commercial avail-
ability of alkyllithium. Further variation of cyclohexcne moi-
ety and side chain will give better physical properties. Other
physical propettics such as diclectric anisotropy. resistivity.
viscosity are under investigation. In order 1o be used in lig-
uid crystalline mixture lor LCD. lurther blending study will
be carricd out.
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