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Synthesis and mesomorphic properities of some ferroelectric

liquid crystals of lactate
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A semiperfluorinated chain has been introduced into three se-
ries of lactate-based molecules, and their mesomorphic
properities have been studied by DSC and optical polarized
microscope. An abnormal phenomenon has been found that
the introduction of a triple bond in the core of the molecule,
which lengthened the molecule, gave rise to a decrease in the
thermal stability of chiral smectic C phase and smectic A
phase. 2, 3-Difluoro substituents of the phenylenic structure
hinder the formation of the chiral smectic C phase because of
the steric effect.

Keywords Liquid crystal, ferroelectric, semiperfluorinated

Introduction

Ferroelectric liquid erystals have been an active
field of investigation in recent years in the expectation of
achieving practical uses for new-age flat panel displays.
To study the correlation between molecular structure and
mesomorphic properties with the aim of preparing desir-
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able materials, various molecular designs have been used
and a great number of ferroelectric liquid crystals have
been synthesized.! As has been pointed out, the re-
placement of hydrogen atoms with fluorine atoms in the
hydrocarbon chains generally results in enhancement of
smectic behaviour, which tends to be smectic A in
type,” but in semiperfluorinated system, it seems that at
a low fluorination extent, the smectic A phase is
favoured and the smectic C phase is enhanced at a high
fluorination extent. And the smectic C phase is always
very broad.>? For getting new ferroelectric liquid crystals
with wide chiral smectic C phase range, three series of
them with long semiperfluorinated carben tails at a high
fluorination extent were synthesized (structure I, II and
II), as shown in Scheme 1. In addition, only a few pa-
pers have been published in this field.5® For long fluoro-
carbon chains are favourable to stick together, and mi-
crophase separation may be formed in these three series,
many new properties are found.
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Compound 2 was prepared from etherification be-
tween 1 and Br(CH,;),H. Compound 3 was prepared
from 2 and HO(CHj3),C= CH by the coupling reaction.
Then compound 4 was obtained under the existence of

Experimental

The compounds of series I, II and IIT were synthe-
sized with the reactions shown in Scheme 2.

Scheme 2
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Reagents and conditions:  a) Br(CH,),H, KOH, EtOH/KI; b) HOC(CH;),C=CH, Pd(PPh;),Cl;, Cul, EyxN/THF; ¢) KOH,
toluene; d) 1) Buli, B(OMe)s;; 2) H;0*; e) Buli, L; f) Me;SiC=CH, Cul, Pd(PPhs),Cl,, EN/THF; g) NaOH, MeOH,
CH;COCH;; h) DEAD, PPh;, THF; i) NaOH, H,0, THF; j) DCC/DMAP, HOGH,GeFyr; k) H,, 10% Pd/C; 1) DCC/DMAP, p-
I-benzoic acid; m) DCC/DMAP, THF; n) Cul, Pd(PPhy),Cl;, EsN/THF.
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KOH. Compound 9 could also be obtained according to
literatures . ®° Compound 12 was synthesized by coupling
ethyl ( R)-2-hydroxypropanoate with p-( benzyloxy) phe-
nol under standard Mitsunobu conditions. Basic hydroly-
sis of 12 followed by esterification with HOC,H,CsF}7,
in the presence of DCC/DMAP, led to the formation of
the ester derivative 14. Hydrogenolysis of 14 by palladi-
um on activated carbon gave the phenol derivative 15.
The final series I, II and III were obtained according to
the published procedure. !

Infrared spectra were recorded on a PE-983G spec-
trophotometer. 'H NMR spectra were recorded on a
Bruker 300 NMR (300 MHz) spectrometer with TMS as
internal standard. *F NMR spectra with trifluoroacetic
acid (TFA) as external standard were recorded on a
Varian EM360L spectrometer (56.4 MHz). For ®F
NMR spectra, high field is positive. Mass spectra were
measured with a Finnigan 4021 spectrometer. Elemental
analysis was performed on a Heraeus Rapid CHN-O
(Germany ) instrument. Specific rotation values were
measured using a Perkin-elmer 241MC polarimeter. The
mesophase textures were observed on an Olympus BH2
polarized microscope in conjunction with a Mettler FP-52
heat-stage equipped with an FP-5 control unit. The tran-
sition temperatures were confimed by differential scan-
ning calorimetry at heating rate of 5°C/min and cooling
down naturally under a nitrogen atmosphere on a Shi-
madzu DSC-50 system and data station, and the transi-
tion peaks were used as the transition temperatures.

(S)4-[1-(3",3",4",4",5",5",6",6",7",7",8",
g, 9, 9", 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl ) ethyloxy | phenyl ~ 4-n- pentyloxybi-
phenyl-4’ - carboxylate (SBPSF)

All the five compounds of series I were prepared by
the esterification of the corresponding phenol 15 with 17.
A typical example of this procedure for synthesis of
SBP8F was given as follows:

Dypical  procedure:  Compound  4-n-octyloxy-
biphenyl -4'-carboxyl acid (88.5 mg, 0.311 mmol),
compound 15 (200 mg, 0.311 mmol), DCC (96 mg,
0.465 mmol), catalytic DMAP and dry THF (5 mL)
were stirred under N, atmosphere at room temperature for
48 h. The mixture was filtered and the residue was
washed with THF. The collected filtrates were evaporat-

ed on rotary evaporator. The residue was purified by
flash chromatography and recrystallized from acetone-
methanol to give 90 mg of white solid (SBP8F). Yield
32.4%. [alf=-12.4(c 1.0, CHCL). mp
96.4C. v (KBr): 2938, 1748, 1729, 1605, 1202,
832 em™. 84(300 MHz, CDCl;, TMS): 0.96(t, J =
7.1 Hz, 3H, CH;), 1.38—1.88 (m, 9H, aliphatic
hydrogens), 2.49(it, J; = 18.2, J»=6.4 Hz, 2H,
RFCH,), 4.02(t, J=6.6 Hz, 2H, RCH,0), 4.49
(t, J=6.3 Hz, 2H, RCH,0), 4.79(q, J=6.8 Hz,
H,R'R®CHO),6.94(d, J=9.1Hz,2H, ArH),
7.01(d, J=8.7 Hz, 2H, ArH), 7.15(d, J=9.1
Hz,2H,AH),7.60(d, J =8.7Hz,2H, ArH) ,7.69
d, J=8.4 Hz, 2H, ArH), 8.22(d, J=8.3 Hz,
2H, ArH). 8 (56.4 MHz, CDCl;, TFA): 3.60(s,
3F),36.10(m,2F),44.70—46.30(m,10F),49.00
(s, 2F). m/z(zel. int.): 895(M* + 1, 0.67), 267
(CsHy;0C¢H,CsH, O * , 100.00), 197 (HOCsH,CeH,-
CO*, 9.42). Anal. CyHy Fp;06. Caled: C, 49.68;
H, 3.49; F, 36.10. Found: C, 49.96; H, 3.45; F,
35.95.

(S)4-[1-(3",3",4",4",5",5,6",6",7",7", g,
8, 9, 9, 10", 10", 10"-Heptadecaflu
orodecyloxycarbonyl )- ethyloxy 1 phenyl  4-n- heptyloxy-
biphenyl-4' - carboxylate (TBPSF)

[alf = -12.3 (¢ 1.0, CHCL). mp 108.0<C.
vmax( KBr) : 2933, 1748, 1729, 1603, 1505, 1202,
832 em™. 8;(300 MHz, CDCl;, TMS): 0.92(t, J =
6.6 Hz, 3H, CH;), 1.34—1.87(m, 13H, aliphatic
hydrogens), 2.49(tt, J, =18.2, J,=6.4 Hz, 2H,
RFCH,), 4.02(t, J=6.6 Hz, 2H, RCH,0), 4.49
(t, J=6.3 Hz, 2H, RCH,0), 4.79(q, J=6.8 Hz,
H,R'R®CHO),6.94(d, J =9.1Hz,2H, ArH),7.01
(d, J=8.7 Hz, 2H, ArH), 7.15(d, J=9.1 Hz,
2H, AtH), 7.60(d, J=8.7 Hz, 2H, ArH), 7.69
(d, J=8.4 Hz, 2H, ArH), 8.22(d, J =8.3 Hz,
2H, ArH). 8(56.4 MHz, CDCl;, TFA): 3.60(s,
3F),36.10(m,2F),44.70—46.30(m, 10F) ,49.00
(s, 2F). m/z (rel. int.): 923(M* +1, 0.51), 295
(C7Hys0CsH4CsHyCO™* ,100.00) , 197 (HOCsH, CeH, -
CO*, 9.66). Anal. CyH;sF;0s. Caled: C, 50.77;
H, 3.82; F, 35.00. Found: C, 50.90; H, 3.90; F,
34.77.
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(8)4-[1-(3",3",4",4",5",5,6",6",7",7", 8", 8",
9", 9", 10", 10", 10"-Heptadecafluorodecyloxycar-
bonyl )-ethyloxy I phenyl  4-n-octyloxybiphenyl-4'- car-
boxylaze (SBPSF)

[a)®=-11.4 (¢ 1.0, CHCl3). mp 109.9C.
Vo (KBr): 2925, 2854, 1748, 1729, 1603, 1504,
1201, 834 cm!. 84(300 MHz, CDCl;, TMS): 0.96
(t, J=7.1 Hz, 3H, CH;), 1.32—1.86(m, 15H,
aliphatic hydrogens), 2.49(tt, J, =18.2, J,=6.4
Hz, 2H, RFCH,), 4.02(t, J = 6. 6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(q, J=6.8 Hz, H, R'R*CHO), 6.94(d, J=9.1
Hz,2H,ArH),7.01(d, J = 8.7Hz,2H, ArH) ,7.15
(d, J=9.1 Hz, 2H, ArH), 7.60(d, J=8.7 Hz,
2H, ArH), 7.69(d, J =8.4 Hz, 2H, AH), 8.22
(d, J=8.3 Hz, 2H, ArH). 3;(56.4 MHz, CDCl,
TFA): 3.60(s, 3F), 36.10(m, 2F), 44.70—46.30
(m, 10F), 49.00(s, 2F). m/z (rel. int.): 937
(M* +1, 0.38), 308(CgHy; OCgH,CsH,CO* - 1,
100.00) , 197 ( HOCgH, C¢H, CO* ,10.19) . Anal .
CooHsF170g. Caled: C, 51.29; H, 3.98; F, 34.48.
Found: C, 51.57; H, 4.11; F, 34.17.

(8)4-[1'-(3",3",4",4",5,5,6",6",7",7",8",
8", 9", 9", 10", 10", 10"- Heptadecafluorodecyloxycar-
bonyl ) - ethyloxy ] phenyl
boxylate (9BPSF)

4- n- nonyloxybiphenyl-4' - car-

[«]®=-12.6 (¢ 1.0, CHCL;). mp 113.4C.
Vo (KBr): 2921, 1748, 1730, 1603, 1505, 1201,
836 cm™. 843(300 MHz, CDCl;, TMS): 0.91(t, J=
6.5 Hz, 3H, CH;), 1.44—1.87(m, 17H, aliphatic
hydrogens), 2.49(t, J, =18.2, J,=6.4 Hz, 2H,
RFCH,), 4.02(t, J=6.6 Hz, 2H, RCH,0), 4.49
(t, J=6.3 Hz, 2H, RCH,0), 4.79(q, J=6.8 Hz,
H,R'R*CHO),6.94(d,J =9.1Hz,2H,ArH),7.01
(d, J=8.7 Hz, 2H, AH), 7.15(d, J=9.1 Hz,
2H, AH), 7.60(d, J =8.7 Hz, 2H, ArH), 7.69
(d, J=8.4 Hz, 2H, ArH), 8.22(d, J =8.3 Hz,
2H, ArH). 8:(56.4 MHz, CDCl;, TFA): 3.60(s,
3F),36.10(m, 2F) ,44.70—46.30(m, 10F) ,49.00
(s, 2F). m/z (rel. int.): 951(M* + 1, 0.37),
322(CoH;s0C¢H,C¢H,CO* , 100.00), 197 ( HOCs H, -
C6H4CO+, 10.45) Anal. C41H39F1706. Calcd: C,
51.80; H, 4.13; F, 33.97. Found: C, 51.57; H,

4.25; F, 33.54.

(8)4-[1-(3",3",4",4',5",5",6",6", 7", 7", 8",
&, 9, 9, 10', 10", 10’-Heptadecaflu-
orodecyloxycarbonyl ) ethyloxy ] phenyl 4-n-decyloxy-
biphenyl-4' - carboxylate (10BP8F)

[a)®=-11.8 (¢ 1.0, CHCl). mp 121.7C.
v (KBr): 2921, 2852, 1748, 1729, 1603, 1505,
1200, 831 em?. 84(300 MHz, CDCl;, TMS): 0.96
(t, J=7.1Hz, 3H, CH;), 1.30—1.88(m, 17H,
aliphatic hydrogens) ,2.49(tt, J, =18.2, J,=6.4
Hz, 2H, RFCH,), 4.02(t, J = 6.6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(q, J=6.8 Hz, H, R'R*CHO), 6.94(d, J=9.1
Hz,2H,ArH),7.01(d, J = 8.7Hz,2H,ArH) ,7.15
(d,J =9.1 Hz, 2H, ArH), 7.60(d, J=8.7 Hz,
2H, ArH), 7.69(d, J=8.4 Hz, 2H, AH), 8.22
(d, J=8.3 Hz, 2H, ArH). &(56.4 MHz, CDCL,
TFA): 3.60(s, 3F), 36.10(m, 2F), 44.70—46.30
(m, 10F), 49.00(s, 2F). m/z (rel. int.): 965
(M* +1,0.28),336(CyoHy OCsH, CsH,CO* ,
100.00), 197(HOCgH,C¢H,CO* , 9.33). Anal. Cyp-
HyF;Og. Caled: C, 52.29; H, 4.28; F, 33.48.
Found: C, 52.06; H, 4.19; F, 33.34.

(8)4-[1'-(3",3",4",4",5",5",6",6",7",7",8",
g, 9", 9", 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl) ethyloxy | phenyl ~ 4'-[ ( 4-n-buty-
loxyphenyl) ethynyl ] benzoate (4T8F)

All the twelve compounds of series II and series III
were prepared by the coupling reaction of the corre-
sponding compounds 16 with 4 or 9. A typical example
of this procedure for synthesis of 4T8Fwas given as fol-
lows:

Typical procedure : Under dry nitrogen, into a mix-
ture of compound 4-n-butyloxyphenylacetylene (43 mg,
0.247 mmol), compound 16 (150 mg, 0.175 mmol) ,
Pd(PPh3),Cl, (5 mg) and Cul (4 mg), was added 10
mL of anhydrous triethylamine. The resulting mixture
was refluxed while it was stirred. Analysis by TLC re-
vealed completion of the reaction in 2 h. Then the
formed precipitate was filtered and washed with ether and
the filtrate washed with water, dried over anhydrous
sodium sulfate. The solvent was removed in vacuo and
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the residue was purified by column chromatography on
silica gel using petroleum ether (bp 60—90°C )-ethyl
acetate (20:1) as eluent to give a pale yellow solid
which was recrystallized from acetone-methanol to yield
white solids of compound 4T8F. Yield : 141 mg
(92.2%) .[«]® = -13.4(c1.0,CHCL) . mp
115.4C. vpe (KBr): 2961, 2214, 1748, 1726,
1599, 1506, 1250, 1201, 836 cm™. &y(300 MHz,
CDCl;, TMS) :0.99(t, J = 7.4Hz,3H,CH;),1.45
—1.84(m, 7H, aliphatic hydrogens), 2.49(tt, J; =
18.2, J,=6.4 Hz, 2H, RFCH,), 4.00(t, J=6.6
Hz, 2H, RCH,0), 4.49(t, J = 6.3 Hz, 2H,
RCH,0),4.79(q, J = 6.8Hz, H, R'R?CHO) , 6. 87
—6.94(m, 4H, AH), 7.13(d, J=6.7 Hz, 2H,
AH), 7.50(d, J=8.7 Hz, 2H, AH), 7.62(d, J
=8.5 Hz, 2H, AH), 8.16(d, J =8.4 Hz, 2H,
ArH) . 8z(56.4 MHz, CDCL, TFA): 3.50(s, 3F),
36.00(m, 2F), 44.50—46.00(m, 10F), 48.70(s,
2F). m/z (rel. int.): 905(M* + 1, 2.93), 277
(C4Hy,0CeHy-=-C¢H CO*, 100.00), 221 (HOCgH,-
=-C¢H,CO*, 7.29). Anal. CyHyFy;0¢. Caled: C,
50.45; H, 3.23; F, 35.70. Found: C, 50.71; H,
3.16; F, 35.69.

(8)4-[1'-(3",3",4",4",5",5",6",6",7",7", 8",
8, 9, 9, 10, 10', 10'-Heptadecaflu-
orodecyloxycarbonyl ) ethyloxy 1 phenyl  4'-[ ( 4-n-penty-
loxyphenyl) ethynyl ] benzoate (5T8F)

[a]f = -12.1 (¢ 1.0, CHCL). mp 123.0°C.
vmax(KBr) : 2937, 2213, 1747, 1725, 1599, 1506,
1251, 1201, 834 em™. &4(300 MHz, CDCl;, TMS):
0.95(t, J=7.0 Hz, 3H, CH;), 1.34—1.86(m,
9H, aliphatic hydrogens), 2.49(tt, J, =18.2, J, =
6.4 Hz, 2H, RFCH,), 4.00(t, J =6.6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(g, J=6.8 Hz, H, R'R®*CHO), 6.87—6.94(m,
4H, ArH), 7.13(d, J =6.7 Hz, 2H, AH), 7.50
(d, J=8.7 Hz, 2H, ArH), 7.62(d, J=8.5 Hz,
2H,ArH),8.16(d, J = 8.4Hz,2H, ArH) . 5:(56 .4
MHz, CDCl;, TFA): 3.50(s, 3F), 36.00(m, 2F),
44.50—46. 00 (m, 10F), 48.70 (s, 2F). m/z
(rel.int. ) :919(M* +1,2.94),291(CsH;, OCeH,- =-
CsH,CO* ,100.00), 221 ( HOCgH, - = - C¢H, CO* ,
7.74) . Anal . CygHa Fy; 06 . Caled : C,50.99; H,
3.40; F, 35.16. Found: C, 50.92; H, 3.39; F,

35.44.

(8)4-[1'-(3",3",4",4",5",5",6",6",7", 7",8",
g, 9, 9, 10", 10, 10'-Heptadecaflu-
orodecyloxycarbonyl) ethyloxy | phenyl  4'-[ ( 4-n-hexy-
loxyphenyl) ethynyl ] benzoate (6TSF)

[a]®=-12.9 (¢ 1.0, CHCL). mp 120.4C.
vmx(KBr) : 2937, 2213, 1748, 1726, 1599, 1506,
1250, 1201, 834 cm™. 83(300 MHz, CDCl;, TMS):
0.92(t, J=6.9 Hz, 3H, CH;), 1.31—1.85(m,
11H, aliphatic hydrogens), 2.49(tt, J, =18.2, J,=
6.4 Hz, 2H, RFCH,), 4.00(t, J = 6.6 Hz, 2H,
RCH,0), 4.49 (t, J =6.3 Hz, 2H, RCH,0), 4.79
(q, J=6.8 Hz, H, R'R’CHO), 6.87—6.94(m,
4H, AH), 7.13(d, J=6.7 Hz, 2H, ArH), 7.50
(d, J=8.7 Hz, 2H, ArH), 7.62(d, J =8.5 Hz,
2H,AH),8.16(d, J = 8.4Hz,2H, ArH) . 5:(56. 4
MHz, CDCl;, TFA): 3.50(s, 3F), 36.00(m, 2F),
44.50—46.00(m, 10F), 48.70(s, 2F). m/z (rel.
int.): 933 (M* + 1, 2.67), 304 (CeHy3 OCeH,-=-
CsH,CO* -1, 100.00), 221(HOCgH,-=-C¢H,CO*,
8.06). Anal . C Hy3 Fy7 Og . Caled : C, 51.51; H,
3.57; F, 34.63. Found: C, 51.70; H, 3.46; F,
34.85.

(8)-4-[1'(3",3".4,4",5",5" 6", 6",7", 7", 8",
8, 9, 9, 10, 10, 10" Heptadecaflu-
orodecyloxycarbonyl) ethyloxy ] phenyl 4'-[ (4-n-hepty-
loxyphenyl) ethynyl ] benzoate (‘TT8F)

[a]f = -13.4 (¢ 1.0, CHCL). mp 121.6%C.
vmax( KBr) : 2929, 2857, 2214, ‘1748, 1726, 1599,
1506, 1250, 1201, 834 cm™. 84(300 MHz, CDCl,,
T™S): 0.91(t, J=6.7 Hz, 3H, CH;), 1.45—1.84
(m, 13H, aliphatic hydrogens), 2.49(tt, J; = 18.2,
J2=6.4 Hz, 2H, RFCH,), 4.00(t, J = 6.6 Hz,
2H, RCH,0), 4.49(t, J = 6.3 Hz, 2H, RCH,0),
4.79(q, J=6.8 Hz, H, R'R’CHO), 6.87—6.94
(m,4H,AH),7.13(d, J =6.7Hz,2H, AH) ,
7.50(d, J=8.7 Hz, 2H, AH), 7.62(d, J=8.5
Hz, 2H, ArH), 8.16(d, J=8.4 Hz, 2H, ArH). &
(56.4 MHz, CDCL;, TFA): 3.50(s, 3F), 36.00(m,
2F), 44.50—46.00(m, 10F), 48.70(s, 2F). m/z
(rel.int.):947(M* +1,2.04),318(C H;5s0-

CeHy-=-C¢H,CO* - 1, 100.00), 221 (HOCqH,-=-
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C6H4C0+ ,713) . Anal . C41H35F17O5 . Calcd: C ’
52.02; H, 3.73; F, 34.12. Found: C, 51.92; H,
3.43; F, 33.83.

(8)4-[1-(3",3",4",4",5",5",6",6",7",7",8",
&, o, 9o, 10, 10', 10"-Heptadecaflu-
orodecyloxycarbonyl ) ethyloxy 1 phenyl  4’-[ ( 4-n-octy-
loxyphenyl ) ethynyl ] benzoate (8T8F)

[a]¥= -12.0 (¢ 1.0, CHCL). mp 118.8C.
Ve (KBr): 2924, 2853, 2214, 1748, 1726, 1599,
1506, 1251, 1202, 834 cm. &4(300 MHz, CDCl;,
T™MS): 0.91(t, J=6.7 Hz, 3H, CH;), 1.26—1.83
(m, 15H, aliphatic hydrogens), 2.49(1t, J; =18.2,
J2=6.4 Hz, 2H, RFCH,), 4.00(t, J =6.6 Hz,
2H, RCH,0), 4.49(t, J = 6.3 Hz, 2H, RCH,0),
4.79(q, J=6.8 Hz, H, R'R*CHO), 6.87—6.94
(m,4H,AH),7.13(d,J =6 .7Hz,2H, AiH) ,
7.50(d, J=8.7 Hz, 2H, AH), 7.62(d, J=8.5
Hz, 2H, ArH), 8.16(d, J=8.4 Hz, 2H, ArH). &
(56.4 MHz, CDCl;, TFA): 3.50(s, 3F), 36.00(m,
2F), 44.50—46.00(m, 10F), 48.70(s, 2F). m/z
(rel.int.):961(M* +1,2.56),332(CsH;0-
CsHy-=-CeH,CO* - 1, 100.00), 221 (HOCsH;-=-
C¢H, CO* ,8.12) . Anal . C; Hy; F1; Og . Caled : C,
52.51; H, 3.88; F, 33.62. Found: C, 51.51; H,
3.65; F, 34.06.

($)4-[1-(3",3",4,4,5,5,6,6",7",7,8,
8, 9, 9", 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl) ethyloxy | phenyl  4'-[ ( 4-n-nony-
loxyphenyl ) ethynyl ] benzoate (9T8F)

[a]®=-12.7 (¢ 1.0, CHCL). mp 119.7<C.
vaee (KBr): 2921, 2852, 2213, 1747, 1728, 1599,
1506, 1250, 1202, 834 cm. 34(300 MHz, CDCl,
T™S): 0.89(t, J=6.7 Hz, 3H, CH;), 1.29—1.87
(m, 17H, aliphatic hydrogens), 2.49(it, J; =18.2,
J,=6.4 Hz, 2H, RFCH,), 4.00(t, J = 6.6 Hz,
2H, RCH,0), 4.49(t, J = 6.3 Hz, 2H, RCH,0),
4.79(q, J =6.8 Hz, H, R'R*CHO), 6.87—6.9%
(m,4H,ArH),7.13(d, J =6.7Hz,2H, ArH) ,7.50
(d, J=8.7 Hz, 2H, ArH), 7.62(d, J =8.5 Hz,
2H,ArH),8.16(d, J = 8.4Hz,2H, ArH) . 8:(56.4
MHz, CDCl;, TFA): 3.50(s, 3F), 36.00(m, 2F),
44.50—46.00(m, 10F), 48.70(s, 2F). m/z (rel.

int.): 975(M* + 1, 1.97), 346 (CoH;9 OCsHy-=-
CeH,CO* -1, 100.00), 221(HOCgH,-=-CsH,CO ™,
7.84) . Anal . C3 Hyg Fj7 Qg . Caled : C, 54.34; H,
4.46; F, 33.13. Found: C, 54.47; H, 4.39; F,
33.42.

(8)4-[1'-(3",3",4",47,5",5", 6,6, 7", 7", 8",
g, 9, 9, 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl ) ethyloxy | phenyl ~ 4'-[ ( 4-n-decy-
loxyphenyl ) ethyryl 1 benzoate (10T8F)

[a]®=-11.6 (¢ 1.0, CHCL). mp 120.4%C.
vaax(KBr) : 2920, 2852, 2214, 1748, 1725, 1599,
1506, 1251, 1202, 834 cm™. 84(300 MHz, CDCl;,
TMS): 0.89(t, J=6.6 Hz, 3H, CH;), 1.23—1.82
(m, 19H, aliphatic hydrogens), 2.49(tt, J; = 18.2,
J»=6.4 Hz, 2H, RFCH,), 4.00(t, J =6.6 Hz,
2H, RCH,0), 4.49(t, J = 6.3 Hz, 2H, RCH,0),
4.79(q, J =6.8 Hz, H, R'R’CHO), 6.87—6.94
(m,4H,AH),7.13(d, J = 6.7Hz,2H, AiH) ,
7.50(d, J=8.7 Hz, 2H, AH), 7.62(d, J=8.5
Hz, 2H, ArH), 8.16(d, J=8.4 Hz, 2H, AH). &
(56.4 MHz, CDCl;, TFA): 3.50(s, 3F), 36.00(m,
2F), 44.50—46.00(m, 10F), 48.70(s, 2F). m/z
(rel.int.):989(M* +1,1.77),360( CoHy O-
CeHs-=-CgH,CO* - 1, 100.00), 221 (HOC¢H,-=-
C¢H,CO* ,8.28) . Anal . Cy4 Hy Fy; Og . Caled : C,
53.45; H, 4.18; F, 32.66. Found: C, 53.35; H,
4.04; F, 31.69.

(8§)4-[1-(3",3",4",4",5",5,6",6",7",7",8",
g, 9, 9, 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl ) ethyloxy ] phenyl 4'-[ (4-n-dodecy-
loxyphenyl ) ethynyl ] benzoate (12T8F)

[«]®=-11.7 (¢ 1.0, CHCL). mp 122.0C.
Ve (KBr) : 2920, 2850, 2213, 1748, 1728, 1599,
1506, 1250, 1202, 831 cm™. 84(300 MHz, CDCls,
TMS): 0.91(t, J=6.7 Hz, 3H, CH;), 1.28—1.85
(m, 23H, aliphatic hydrogens), 2.49(tt, J, = 18.2,
J»=6.4 Hz, 2H, RyCH,), 4.00(t, J =6.6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(g, J =6.8 Hz, H, R'R’CHO), 6.87—6.94(m,
4H, AH), 7.13(d, J =6.7 Hz, 2H, AH), 7.50
(d, J=8.7 Hz, 2H, AH), 7.62(d, J=8.5 Hz,
2H,ArH),8.16(d, J = 8.4Hz,2H, ArH) . 5 (56 .4
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MHz, CDCl;, TFA): 3.50(s, 3F), 36.00(m, 2F),
44.50—46.00(m, 10F), 48.70 (s, 2F). m/z (rel.
int.): 1017(M* + 1, 1.94), 388(CiHys OCsHy-=-
C¢H,CO* -1, 100.00), 221(HOCsH,-=-CsH,CO* ,
6.71) . Anal . CegHys Fi7 Og . Caled : C, 54.34 ; H,
4.46; F, 31.76. Found: C, 54.47; H, 4.39; F,
31.63.

(8)4-[1-(3",3",4,4",5",5",6",6",7",7",8",
g, 9, 9", 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl) ethyloxy ] phenyl 4'-[ (4-n-propy-
loxy-2.,3-difluorophenyl) ethynyl ] benzoate (32T8F)

[«)®=-12.1(c 1.0, CHCL). mp 118.8C.
Ve (KBr): 2971, 2213, 1750, 1729, 1603, 1505,
1252, 1199, 827 cm’. 84(300 MHz, CDCl;, TMS):
1.06(t, J=7.5 Hz, 3H, CH;), 1.64(d, J=6.9
Hz, 3H, CH;), 1.81—1.93(m, 2H), 2.49(tt, J, =
18.2, J,=6.4 Hz, 2H, RFCH,), 4.00(t, J=6.6
Hz, 2H, RCH,0), 4.49 (t, J = 6.3 Hz, 2H,
RCH,0),4.79(q, J = 6.8Hz, H, R'R2CHO ) ,
6.69—7.25(d, J=8.5 Hz, 6H, ArtH), 7.64(d, J
=8.5 Hz, 2H, ArH), 8.16(d, J =8.4 Hz, 2H,
ArH) . 8¢(56.4 MHz, CDCl;, TFA): 3.60(s, 3F),
36.33(m, 2F), 44.90—46.50(m, 10F), 49.20(s,
2F), 56.30(d, J=18.8 Hz, F), 81.30(d, J=18.8
Hz, F). m/z (rel. int.): 928(M* +2, 1.64), 299
( GH,OCgH, Fy-=-CgH,CO* - 1, 100.00), 257
(HOC4H,F,-=-CgH,CO* ,11.73) . Anal . C3yHpsFy905.
Caled: C, 47.96; H, 2.72; F, 38.96. Found: C,
47.73; H, 2.46; F, 38.63.

(S)_4_[ 1’_(3"’3”,4”,4"’ 5", 5”’ 6”, 6”’ 7”,7”, 8”’
g, 9, 9o, 10", 10, 10"-Heptadecaflu-
orodecyloxycarbonyl) ethyloxy 1 phenyl ~ 4'-[ ( 4-n-buty-
loxy-2 ,3- difluorophenyl ) ethynyl ] benzoate (42T8F)

[«]®=-11.4 (¢ 1.0, CHCL). mp 119.7C.
Ve (KBr): 2962, 2213, 1750, 1727, 1602, 1505,
1252, 1199, 827 em™. 84(300 MHz, CDCl;, TMS):
0.99(t, J=7.3 Hz, 3H, CH;), 1.46—1.87(m,
7H, aliphatic hydrogens), 2.49(t, J; =18.2, J, =
6.4 Hz, 2H, RFCH,), 4.00(t, J = 6.6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(q, J=6.8 Hz, H, R'R’*CHO), 6.69—7.25(d, J
=8.5 Hz, 6H, ArH), 7.64(d, J =8.5 Hz, 2H,

ArH), 8.16(d, J =8.4 Hz, 2H, ArH). 8:(56.4
MHz, CDCl;, TFA): 3.60(s, 3F), 36.33(m, 2F),
44.90—46.50(m, 10F), 49.20(s, 2F), 56.30(d, J
=18.8 Hz, F), 81.30(d, J=18.8 Hz, F). m/z
(rel. int.): 941(M* +1, 1.34), 313(CH;OGH,F,-
=-GH,CO*, 100. 00), 257 ( HOCsH,F)-=-
CeHsCO*, 13.39). Anal. CygHyFi90Og. Caled: C,
48.52; H, 2.89; F, 38.38. Found: C, 48.59; H,
2.71; F, 37.96.

(s)4-[1-(3",3",4",4",5",5",6",6',7",7",8",
8, 9, 9, 10", 10", 10"-Heptadecaflu-
orodecyloxycarbonyl) ethyloxy ] phenyl 4'-[ (4-n-hepty-
loxy-2 , 3- difluorophenyl ) ethynyl ] benzoate (72T8F)

[a]®=-11.3 (¢ 1.0, CHCl;). mp 121.4%C.
vmax(KBr) : 2925, 2213, 1750, 1728, 1602, 1505,
1252, 1198, 827 em™. 84(300 MHz, CDCl;, TMS):
0.90(t, J=6.7 Hz, 3H, CH;), 1.45—1.84(m,
13H, aliphatic hydrogens), 2.49(#t, J, =18.2, J, =
6.4 Hz, 2H, RFCH,), 4.00(t, J = 6.6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(q, J=6.8 Hz, H, R'R’CHO), 6.69—7.25(d, J
=8.5 Hz, 6H, ArH), 7.64(d, J =8.5 Hz, 2H,
ArH), 8.16(d, J =8.4 Hz, 2H, AH). 8:(56.4
MHz, CDCl;, TFA): 3.60(s, 3F), 36.33(m, 2F),
44.90—46.50(m, 10F), 49.20(s, 2F), 56.30(d, J
=18.8 Hz, F), 81.30(d, J=18.8 Hz, F). m/z
(rel. int.): 983 (M* + 1, 1.19), 354 (C;Hjs-
0C¢ H, F, - = - Cg H, CO* - 1, 100.00), 257
(HOCgH,F,-=-CgH,CO* ,14.51) . Anal. C4yHs3Fy9 05 .
Caled: C, 50.11; H, 3.38; F, 36.83. Found: C,
50.20; H, 3.25; F, 36.60.

(S)4-[1'-(3",3",4",4",5",5",6",6",7",7", 8",
g, 9, 9, 10, 10", 10"-Heptadecaflu-
orodecyloxycarboryl ) ethyloxy 1 phenyl ~ 4'-[ ( 4-n-decy-
loxy-2 ,3- difluorophenyl ) ethynyl ] benzoate (102T8F)

[a]®=-10.4 (¢ 1.0, CHCl;). mp 123.7°C.
vmac( KBr) : 2921, 1750, 1728, 1603, 1505, 1252,
1199, 827 cm™. 84(300 MHz, CDCl;, TMS): 0.89
(t, J=6.6 Hz, 3H, CH;), 1.23—1.82(m, 19H,
aliphatic hydrogens), 2.49(tt, J; = 18.2, J,=6.4
Hz, 2H, RFCH,), 4.00(t, J = 6.6 Hz, 2H,
RCH,0), 4.49(t, J=6.3 Hz, 2H, RCH,0), 4.79
(q, J=6.8 Hz, H, R'R’CHO), 6.69—7.25(d, J
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=8.5 Hz, 6H, AH), 7.64(d, J=8.5 Hz, 2H,
ArH), 8.16(d, J =8.4 Hz, 2H, ArH). 87(56.4
MHz, CDCl;, TFA): 3.60(s, 3F), 36.33(m, 2F),
44.90—46.50(m, 10F), 49.20(s, 2F), 56.30(d, J
=18.8 Hz, F), 81.30(d, J=18.8 Hz, F). m/z
(rel. int.): 1027 (M* + 3, 0.88), 396 (Cy Hy-
OCsH,F,-=-CsH,CO* , 100.00), 257( HOCH, F;-=-
C6H4C0+, 1489) Anal. C44H39F1905. Caled: C,
51.57; H,3.84; F,35.22, Found : C, 51.94; H,
3.74; F, 35.28.

Results and discusion

Transition temperatures of series I, II and III were
measured by DSC, and phase identification was made by
comparing the observed textures with those reported in
the literatures.® 12> The results were summarized in
Table 1. The transition temperatures of series II were
plotted against the number of carbon atoms in the alkoxy
chain, n, in Fig 1.

Table 1 Transition temperatures of series I, II, I

Compounds n Transition temperatures ( °C)
SBPSF 5 Cr96.4CrE104 . 1SmB115.7SmA217.7 1 214.8SmA114.7SmB 98.5CiE 75.4 Recr
7BPSF 7 " Cr 108.0SmC* 138. 1SmA204.0 I 202.4SmA137.3SmC" 107.6SmB100. 3Recr
8BPSF 8 Cr 109.9SmC" 152.7SmA197.3 1 194.1SmA152.1SmC* 103.9Recr
9BPSF 9 Cr 113.4SmC" 155.0SmA190.8 I 188.85mA154.3SmC" 108.6Recr
10BPSF 10 Cr 121.7SmC" 126.0SmA176.4 1 173.5SmA125.4SmC™ 114.0Recr
4T8F 4 Cr 115.4 SmA 215.01213.0 SmA 106.9 SmB 99.1 Recr
5T8F 5 Cr 123.0 SmA 207.0 1204.6 SmA 112.8 Reer
6T8F 6 Cr 120.4 SmA 202.0 1199.4 SmA 110.2 Recr
TI8F 7 Cr 121.6 SmA 197.2 1195.3 SmA 120.2 SmC* 114.3 Recr
8TSF 8 Cr118.8 SmC* 135.2 SmA 191.6 1 189.5 SmA 134.5 SmC" 112.1 Recr
91T8F 9 Cr119.7 SmC” 142.5 SmA 187.11185.2 SmA 142.1 SmC" 112.9 Recr
10T8F 10 Cr 120.4 SmC* 146.5 SmA 183.1 1180.9 SmA 146.1 SmC* 113.6 Recr
12T8F 12 Cr 122.0 SmC* 142.0 SmA 172.01169.1 SmA 141.4 SmC™ 116.2 Recr
32FT8F 3 Cr 118.8 SmA 188.2 1 185.8 SmA 101.1 Recr
42FT8F 4 Cr 119.7 SmA 188.3 I 185.8 SmA 101.5 Recr
T2FT8F 7 Cr 121.4 SmA 172.7 1170.2 SmA 109.2 Recr
102FT8F 10 Cr 123.7 SmA 161.0 I 157.4 SmA 115.7 Recr

Cr= crystal, CrE = crystalline E phase, SmA = smectic A phase, SmB = smectic B phase, SmC” = smectic C* phase, I=

isotropic, Recr = recrystallization.
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Fig. 1 Transition temperatures as a function of the number of
carbon atoms in the alkoxy chain of series II.

All the three series show enantiotropic smectic A

phase. In series I and series II, enantiotropic chiral
smectic C phase is emerged when the hydrocarbon chain
is a little longer. But when the hydrocarbon chain is very
short, smectic B and crystalline E phases are found.

For series II, generally speaking, there is a de-
crease of the clearing point when the number of carbon
atoms in alkoxy chain increases, corresponding to the
transition from a rigid system (short chains) to a more
flexible one (long chain) . The odd-even effects were not
found. Chiral smectic C phase is favourable to form
when the alkoxy chain is long enough, but the thermal
stability is a little decreased when the alkoxy chain is too
long.

Gray discussed the role of the central group in sim-
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ple mesogens,

A—@—X—@—B

where A and B are suitable terminal substituents, and X
is the central group. ™ With minor exceptions, dependent
upon the end group A and B in this case, the order is:

X=—©— > —@— > —CH=CH— > —N=I£— > —-CH=I£—

> —C=C— > —N=N—
He showed that the relatively low position in the order
for X = -C = C- was surprising. Coates showed that the
high birefringency of tolanes was due to the excellent
conjugation throughout the molecule.'>!® It is possible,
however, that when crystal forces are removed on melt-
ing the rings become noncoplanar. This may be less se-

> —CH=N— >

—COO— > none
rious than in Schiff’s bases, since the cylinder of elec-
tron density of -C = C- may still permit conjugative in-
teraction to occur even when the ring is noncoplanar.

In previous study,'” we have published the results
of the following two compounds,

F F ?Hs
n-CgHy70 COO —O— COOCH2C*HC3Hs
F F

Cr ——5—

754 SmC*

71.7

SmA ———» Ch ———» |

129.4 144.8

F F ?Hs
n-CsH170 (o[0]0) —@— COOCH2C*HC2Hs
F F

noncrystalline liquid compound

A comparison of the effect on thermostability of the
liquid crystals, shown in Table 1 exhibits an abnormal
phenomenon. The insertion of triple bond into the
biphenyl group in series II is found to be unfavourable to
the formation of SmA and SmC” phases. The abnormal
phenomenon should be ascribed to the semiperfluori-
nated tails.

As for the effect of 2, 3-difluoro substituents of
phenylenic structure on the formation of SmA phase and
tilted SmC* phase concered. The lateral fluorosub-
stituents usually exert two opposing effects on the ther-
mal stability of the mesophase, that is, the polar effect
and the steric effect. The laterally introduced fluorosub-
stituent decreases the length/breadth ratio of the meso-
genic molecules, and this broadening effect tends to de-
crease the thermostability of both nematic and smectic
a 2, 3-difluvoro substituted

phenylenic structure can increase and reinforce the later-

mesophases. However,

al interaction of molecules, owing to the dipole moment

acting across the molecular long axes, giving rise to the
formation of stable smectic C phase.'®! In viewing of
the high SmC* tendency of the 2, 3-difluoro-substituted
mesogen, ' it was surprising that the 2, 3-difluoro-
substituted series III compounds did not show an SmC
phase and the thermal stability of SmA phase was weaker
than those of the corresponding parent compounds as
shown in the Table. The results of this paper can not be
explained by McMillan’ s model which is so called a
dipolar theory. In order to explain the results, we would
consider the steric effect. Probably the most well-known
theory based on molecular stacking conformation is
Wulfs zigzag model of the phase in which molecules that
have a zigzag conformation pack together in a tilted ar-
rangement to produce a phase.! The series III com-
pounds exhibit only A phase but no C* phase, whereas
their unfluorinated parent compound exhibit A and C*
phases. One explanation for this behaviour is that when
the ortho-difluoro-substituents are in a position on the
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edge of the core, the structure tends to hinder the for-
mation of an overall zigzag shape, so the steric repulsive
interaction is greater in difluorosubstituted compounds
than in their corresponding parent compound.
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