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Synthesis and Phase-transition of 
4-alkoxycarbonylphenyl4'-n-alkoxy-2,3,5, 
6-tet raf I uorobi phenyl-4-carboxylates 
J. WEN, M. TIAN, Z. GUO and Q. CHEN 
Shanghai Institute of Organic Chemistry, Academia Sinica, 354 Fenglin Lu, Shanghai, 200032 (China) 

(Received March 23,1994; in final form March 23,1994)  

Two new homologous series of compounds containing symmetrically tetrafluorinated phenyl units, 4-[(s)-2- 
methylbutoxycarbonyl]phenyl and 4-n-pentyloxyphenyl4-n-alkoxy-2,3,5,6-tetrafluorobiphenyl-4-carbo- 
xylates (n = 5-10) have been synthesized from 1-pentafluorophenyl-2-trimethylsilylacetylene as a start- 
ing material, and studied by thermal polarizing microscopy. The members of the chiral series display 
enantiotropic cholesteric and monotropic smectic C (S:) phases for n = 5-9, and the homolog of n = 10 
shows enantiotropic smectic C (S:): smectic A and cholesteric phases. However, the homologs of the achiral 
series exhibit enantiotropic nematic and smectic A phases for n = 5,7,8 and 9, and the member of n = 6 
displays only a nematic phase, whereas the homolog of n = 10 shows enantiotropic smectic A and 
monotropic smectic C phases. 4-[(~)-2-rnethylbutoxycarbonyl]phenyl 4-n-octyloxy-2', 3', 5', 6-tetra- 
fluorobiphenyl-4-carboxylate has also been prepared and found not to be thermotropic mesogen. It is 
showed by comparison that the symmetrical tetrafluorination of biphenyl has a destabilizing effect on the 
mesophase, and the effect differs at the different substituted positions. 

Keywords: Tetrajluorobiphenyl, chiral smeetic phase, thermal polarizing microscopy, 
jluorinated liquid crystals 

1. INTRODUCTION 

Since the survey and synthesis of new liquid crystal compounds can bring about further 
development in the scientific understanding of liquid crystals and their device applica- 
tion, more ad more research attention has occurred on fluorinated liquid crystals,'-9 
which are of tremendous interest due to the tendency of the fluorine substituent(s) to 
transform smectic A ( S , )  into smectic C (S , )  mesophases'-2, to suppress and eliminate 
more ordered smectic me~ophasesl-~ and to influence the dielectric ani~otropy,'-~ 
viscosity, birefringence and the melting point. Up to now, hundreds of liquid crystalline 
molecules with monofluoro or difluoro substituted phenyls have been prepared.'-9 
Nevertheless, only a limited number of liquid crystalline molecules with symmetrically 
tetrafluorinated phenyl units have been reported."-" In our previous studies, we have 
reported several types of new liquid crystals with 1,4-tetraflurophenylene moiety.23924 
In this paper, we wish to report the synthesis and mesomorphic behaviour of some 
new symmetrically tetrafluorinated 4-alkoxybiphenyl-4-carboxylate (compounds A, B 
and C). 

27 

D
ow

nl
oa

de
d 

by
 [

] 
at

 1
4:

45
 2

6 
D

ec
em

be
r 

20
14

 



28 J. WEN et al. 

H(CH2),0 \ \ COO \ 1 COOCH2C*H(CH3)C2H5 (A,n=5-10) - 0  

F 'F 

COOCH&*H(CH&HS (C 1 
F F  

2. SYNTHESIS 

The target compounds were prepared according to scheme 1 and 2. 
In our previous studies, we have reported the synthesis and mesomorphic properties 

of 4-n-alkoxy-2,3,5,6-tetrafluorobiphenyl-4-carboxylic acidsz4 (see Scheme 1). The 

F&C=CSifvle3 ____) (4 H(CH2),0 

F F  F F  

1 2a - f (n=5 - 10) 

3a - f (n=5 - 10) 

SCHEME 1 (a) p-H(CH,),O-C,H,-MgBr, THF, reflux; (b)CH,OH/CH,COCH,, NaOH/H,O, R.T.; 
(c) KMnoOflaOH, 1, Cdioxane/H,O, reflux; (d) 4-HO-C,H,-COOCH2C*H(CH,)C~H5, DCC. PPY, 
Et20 ,  R.T.; (e) 4-HO-C6H,-COO(CH,),H, DCC, PPY, Et,O, R.T.. 
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TETRAFLUOROBIPHENYL ESTER MESOGENS 29 

starting material (compound 1) was prepared by the method25 reported previously. 
The nucleophilic substitution of parasubstituted phenyl magnesium bromide on 
compound 1 in dry THF gave compound 2a-f,26 from which polyfluoro substituted 
biphenylacetylenes(compounds 3a-f) were obtained after the removal of trimethylsilyl 
group under the action of methanol and aqueous NaOH in acetone. The oxidation of 
compounds 3a-f by potassium permanganate in alkaline 1,4-dioxane/water solution 
afforded the polyfluoro substituted aromatic carboxylic acids (compounds 4a-f). Then 
the mild one pot e~terification~' between compounds 4a-f and (s)-2-methylbutyl 
4-hydroxybenzoate, and n-pentyl 4-hydroxybenzoate in the presence of both 
dicyclohexylcarbodiimide (DCC) and 4-pyrrolidinopyridine (PPY) catalyst in dry 
ether gave the desired compounds A and B. 

The desired compound C was synthesized by the route described in scheme 2. In the 
first step, p-tolyl lithium which was prepared from 4-bromotoluene reacted with 
hexafluorobenzene2* to yield 4-pentafluorophenyltoluene (compound 6). The nucleo- 
philic substitution reaction between compound 6 and l-octanol in THF with NaOH as 
base gave compound 7, which was brominated using NBS and AIBN in anhydrous 

(i i)  
C H , e B r  - (i) F*CH3 7 

F F  

5 6 

n-C8H170 %; \ / u 

F F  

7 8 

9 

(vi) 
COOH C 

F F  

10 

SCHEME 2 (i) 1, Li/Et,O; 2, C,H,/Et,O (ii) n-C,H,,OH/THF, NaOH, 35-40"C, 17 hr; (iii) NBS/AIBN, 
CCI,, reflux; (iv) NaOH/H,O, T H F  (v) KMnOflaOH, 1, 4-dioxane/H20, reflux; (vi) 4-HO-C6H4- 
COOCHZC*H(CH3)C2H5, DCC, PPY, Et,O, R.T.. 
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30 J. WEN et al. 

carbontetrachloride to produce compound 8. Subsequently, 4-n-octyloxy-2,3,5,6-tet- 
rafluorobiphenyl-4-methanol(9) was prepared through the hydrolysis of compound 8. 
The oxidation of compound 9 using potassium permanganate gave the required 
compound 10. Finally, the desired compound C was obtained from the esterification 
reaction between compound 10 and (s)-2-methylbuty14-hydroxybenzoate.27 

All of the final compounds were purified by chromatography on silica gel with 
petroleum ether (bp 60-9O0C)/ethyl acetate (30: 1) as eluent and were recrystallized 
from acetone-methanol. Their structures were characterized by elemental analyses, 'H 
and 19F NMR, IR and MS spectral methods. Phase transitions were studied using 
a Mettler FP52 hot stage and control unit in conjunction with an Olympus BH2 
polarizing microscope, while phase identification was made by comparing the observed 
textures with those in the l i t e r a t ~ r e . ~ ~ . ~ '  

3. RESULTS AND DISCUSSION 

The transition temperatures of these new fluorinated materials are listed in Tables 1,2 
and 3. 

As for the chiral series, most of the new compounds exhibit enantiotropic cholesteric 
and monotropic chiral smectic C (S: )  phases. However, the compound for n = 10 
(A-10) display enantiotropic Ch, SA and S y  phases. As far as the influence of the end 
chain is concerned, the melting points of compounds A increase first as the number of 
carbon atoms in the normal alkoxy chain increases from 5 to 7, and then decrease as the 
chain length is further increased. So does the general alteration of the temperature 
window of the cholesteric phase, and the tendency for the smectic phase formation 
increases as the alkoxy chain is lengthened. Moreover, the cholesteric-isotropic 
transition temperatues of compounds A increase from 5 to 7, and then decrease from 

TABLE 1 

Phase transition temperatures ("C) of compounds A 

E F  

n C-Ch S,*-Ch SA-Ch Ch-I recryst. 

5 90.0 (90.0) I 99.6 72.3 
6 95.1 (89.2) I 109.9 79.0 

112.8 93.3 
112.0 81.9 
94.9 70.8 

10 90.0" 96.1b 98.7 103.9 70.6 

7 105.5 (101.2) I 
8 101.6 (100.4) I 
9 89.2 (80.9) I 

a The phase-transition at  the temperature is C-Sc*. 
The phase-transition at  the temperature is SE-S,. 
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TETRAFLUOROBIPHENY L ESTER MESOGENS 31 

TABLE 2 

Phase transition temperatures ("C) of compounds B 

n c-SA SCSA SA-N N-I recryst. 

5 97.8 I 101.0 121.0 67.5 
102.8 75.1 
119.0 90.0 108.7 

116.0 121.8 88.0 
9 93.2 I 113.9 117.5 84.0 

10 87.0 (86.8) I 11 3.3' 81.7 

6 82.4" I I 
I 98.4 I 
8 100.4 I 

a The phase-transition at the temperature is C-N. 
' The phase-transition at the temperature is S,-I 

TABLE 3 

Phase transition temperatures ("C) of compound C 

F' 'F 

c-I I-c 

85.1 84.0 

7 to 9, but increase again from 9 to 10, indicating that the normal odd-even effect is 
not observed. 

As with the achiral series, the phase-transition behaviour with the lengthening of the 
alkoxy chain is more complicated. The compounds for n = 5,7,8 and 9 exhibit 
enantiotropic nematic and smectic A phases, and the member of n = 6 display only 
a nematic phase, whereas the homolog of n = 10 shows enantiotropic smectic A and 
monotropic smectic C phases, but no nematic phase. We believe that the symmetrical 
tetrafluorinated biphenyl group possesses a non-planar conformation,' 23  and the 
interplanar angles may differ from one to another due to the different effect of the 
normal alkoxy chain. This effect results in the irregular phase-transition behaviour of 
the two above-described series of fluorinated compounds. It is also clear that a bran- 
ched terminal alkoxy chain decreases the temperature window of smectic A phase, but 
conduces to the smectic C phase formation. 
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32 J. WEN et a/.  

For compound C, no mesophase exists in the process of heating and cooling. The 
comparison of the transition temperatures between compounds A-8, C and the 
unfluorinated homolog, 4-(2-methylbutoxycarbonyl)phenyl 4-n-octyloxybipheny1-4- 
carboxylate (compound D),32 is shown in Table 4. 

From Table 4, we can see that the symmetrical tetrafluorination of the biphenyl 
group bas a destabilizing effect on the mesophase, especially on smectic phases, and the 
effect differs at the different substituted positions. It is remarkable that the symmetrical 
tetrafluorination of the phenyl which is far from the center of the molecule more greatly 
destroys the mesophase thermal stability. In our opinion, the breadth-increasing effect 
of fluorine substituents may account for the fact that the mesophase is destabilized. 
Besides, the symmetrical tetrafluorination of the biphenyl group does destroy the 
coplanarity of the two phenyl r i n g ~ , l ~ * ~ l  and the non-coplanar conformation of the 
substituted biphenyl plays a more important role in the mesophase formation, thus the 
symmetrical tetrafluorination of the phenyl ring that is far from the center more greatly 
destroys the coplanarity of the molecule, and results in the worse thermal stability of 
mesophase. The more appropriate reasons for these facts are being studied by the 
theoretical calculation of quantum chemistry. 

4. EXPERIMENTAL 

IR spectra were recorded on a Shimadzu IR-440 spectrophotometer, using KBr pellets 
of solids or films of liquids. 'H NMR spectra with TMS as internal standard and 

TABLE 4 

The effect of lateral polyfluoro-substitution of 4-alkoxybiphenyl-4-carboxylate 
(Transition temperatures:T) 

&-a n-C8H ,70m C O O G  COOCH2CH'(CH3)C2H5 
F F  

C COOCH2CH*(CH,)C,H5 

D n - C 8 H , , 0 w  COOQ COOCH2CH(CH3)C2H5 

Compound m.p. c.p. Ch" s* ScIS,* 

A-8 101.6 112.0 10.4 I (18.5)b 

D 67.0 187.0 I 48.0 72.0 
C 85.1 85.1 I I I 

a The temperature window of mesophase. 
The mesophase or phase transition is monotropic. 
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TETRAFLUOROBIPHENYL ESTER MESOGENS 33 

I9F NMR spectra with trifluoroacetic acid (TFA) as external standard were recorded 
on a Varian EM-360L spectrometer (60 MHz) or a FX-90 spectrometer (90 MHz). For 
I9F NMR spectra, high field is positive. Mass spectra were recoded on a Finnigan-4021 
spectrometer. 

Compounds 4a-f were prepared as described in a previous p ~ b l i c a t i o n . ~ ~  

I .  4-[(~)-2-Methylbutoxycarbonyl]phenyl 4'-n-heptyloxy-2,3,5,6-tetraJEuorobiphenyl- 

Quantities: compound 4c (250 mg, 0.65 mmol), (s)-2-methylbutyl 4-hydroxybenzoate 
(190 mg, 0.91 mmol), N, N-dicyclohexylcarbodiimide (202 mg, 0.98 mmol), 4-pyr- 
rolidinopyridine (10 mg, 0.068 mmol) and anhydrous diethyl ether (15 mL); reaction 
time: 96 h. The experimental procedure was as described in reference 27. Analysis by 
TLC revealed the completion of the reaction. The crude product was purified by 
column chromatography on silica gel using petroleum ether (bp 60-9O0C)/ethyl acetate 
(30: 1 v:v) to yield a pale yellow solid which was recrystallized from acetone-methanol 
to give white flaky crystals of (A-7). 

Yield 309 mg (82.7%); m.p. 105.5"C, 'H NMR(CDCl,/TMS): 6 0.75-1.20 
(m,9H,3 x CH,), 1.20-2.20 (m, 13H), 4.08 (t,2H, J = 6.0Hz,0CH2), 4.23 (d,2H, J = 

4-carboxylate (A-7) 

6.0 Hz, COOCH,), 7.05 (d, 2H)/7.51 (d, 2H)(AA'BB', J = 8.0 Hz, O-C6H4-C6F,-), 
7.38 (d, 2H)/8.20 (d, 2H) (AA'BB', J = 8.0 Hz, C00-C,H4-C00); 19F NMR 
(CDClJTFA): 6 61.13 (m, 2F, Fa,,,). 65.00 (m, 2F, F,,,,); IR(KBr): 2950,2890,2820, 
1740,1715,1605,1520,1497,1462,1410,1390,1320,1268,1222,1194,1160,1105,1010, 
980, 838, 798, 745, 680, 620 cm- '; MS m/z (re1 int): 574 (M', 5.93), 367 (l00.00), 
269(33.33); Elem. anal., Found: C 66.32%, H 5.79%, F 13.29%; Calcd. for 

The other new fluorinated compounds of series A and series B were prepared by 
a similar procedure. All of them had satisfactory elemental analyses and appropriate 
'H and 19F NMR, IR and MS spectral data. 

Compound 6 was prepared by the method described in the literature.'* Its NMR 
data were shown as follows: 'H NMR (CCWTMS): 6 2.48 (s, 3H, CH,), 7.40 (s,4H, 
Ha,,,); 19F NMR (CCl,/TMS): 6 66.30 (d, 2F, J = 18.8 Hz, Fa,,,), 79.30 (t, lF ,  J 
= 18.8 Hz, Fa,,,), 85.30 (d, 2F, J = 18.8 Hz, Fa,,,). 

C,,H,,F,O,: C 66.18%, H 6.09%, F 13.51%. 

2. 4-Methyl-4-n-octyloxy-2,3,5,6-tetraJluorobiphenyl(7) 

A mixture of compound 6 (400mg, 1.55 mmol), l-octanol(1.30ml,l.O8 g, 8.33 mmol), 
sodium hydroxide (200 mg, 5.0 mmol) and THF (3 ml) was stirred at 35-40°C for 17 h. 
Analysis by l9  F NMR revealed a complete reaction. Then 20 ml of water was added to 
the resulting mixture and the product was extracted with ether (3 x 20ml). The 
combined ethereal extracts were washed with water and dried over anhydrous sodium 
sulfate. The solvent was removed in uacuo and the residue was purified by column 
chromatography on silica gel using petroleum ether (bp 60-90°C) as eluent to give 
a white flaky crystal of (7). 

Yield 507mg (88.9%); 'H NMR (CCIJTMS): 6 0.95 (t,3H,J = 5.0Hz,CH3), 1.15- 
2.15 (m, 12H), 2.47 (s, 3H,-C,H,-CH,), 4.25 (t,  2H, J = 6.0 Hz, OCH,),  
7.35 (s,4H, H,,,,); I9F NMR (CCl,/TFA): 69.90 (m, 2F, F,,,,), 82.31 (m,2F, Fa,,,). 
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34 J. WEN et al. 

3. 4'-Bromomethyl-4-n-octyloxy-2,3,5,6-tetraJluorobipheny1(8) 

A mixture of compound 7 (507mg, 1.38 mmol), N-bromosuccinimide (NBS) (250mg, 
1.39 mmol), a, a'-azobis(isobutyronitri1e) (AIBN) (30 mg, 0.18 mmol) and anhydrous 
carbontetrachloride (5 ml, dried over phosphorus pentaoxide) was stirred and refluxed 
for 13 h while isolated from air, and then cooled down to room temperature. TLC 
analysis revealed a completion of the reaction. The resulting white suspended solid was 
filtered off and washed with carbontetrachloride. The filtrate was condensed and the 
residue was purified by column chromatography on silica gel with petroleum ether (bp 
60-90°C) as eluent to give a white flaky crystal of (8) with 79mg of compoung7 
recovered. 

Yield 453 mg (87.1%); 'H NMR (CCl,/TMS): 6 0.81 (t, 3H, J = 5.0Hz,CH3), 1.00- 
2.00 (m, 12H), 4.17 (t, 2H, J = 6.0Hz,OCH2), 4.37 (s, 2H,CH,Br), 7.33 (s,4H, Ha,,,); 
19F NMR (CCl,/TFA): 67.85 (m, 2F, Fa,,,), 80.01 (m,2F, Fa,,,). 

4. 4-n-Octyloxy-2,3,5,6-tetraJluorobiphenyl-4'-methanol(9) 

A mixture of compound 8 (453 mg, 1.01 mmol), sodium hydroxide (200mg, 5,0mmol), 
water (3 ml) and THF (5 ml) was stirred and refluxed for 10 h (TLC analysis revealed the 
saturation of the reaction) and then cooled to room temperature. The product was 
extracted with ether (3 x 20ml), and the combined ethereal extracts were washed with 
water and dried over anhydrous sodium sulfate. The solvent was removed in U ~ C U O  and 
the residue was purified by column chromatography on silica gel using petroleum ether 
(bp 60-9O0C)/ethyl acetate (3: 1 v:v) as eluent to give a white solid of(9) with 290mg of 
compoung 8 recovered. 

Yield 105 mg (75.0%); 'H NMR (CCIJTMS): 6 0.77 (t, 3H, J = 5.0 Hz, CH,), 0.93- 
2.00 (m, 12H), 2.72 (s, lH,  OH), 4.10 (t,2H, J = 6.0 Hz, OCH,), 4.60 (s, 2H,CH,OH), 
7.20 (s, 4H, Ha,,,); 19F NMR (CCl,/TFA): 67.80 (m, 2F, Fa,,,), 80.02 (m, 2F, F,,,,). 

5. 4-n-Octyloxy-2,3,5,6-tetraJluorobiphenyl-4'-carboxylic acid (10) 

A mixture of compound 9 (100 mg, 0.26 mmol), potassium permanganate (400 mg, 
2.53 mmol), sodium carbonate (200mg, 1.89 mmol). water (5  ml) and 1,4-dioxane 
(10ml) was stirred and refluxed for 12 h (TLC analysis revealed the completion of the 
reaction) and then cooled to room temperature. The resulting brown precipitate was 
dissolved by the dropwise addition of saturated aqueous Na,SO, and concentrated 
hydrochloric acid while stirring. The product was extracted with ether (3 x 20ml), and 
the combined ethereal extracts were washed with water and dried over anhydrous 
sodium sulfate. The solvent was removed in uacuo and the residue was purified by 
recrystallization from ether-petroleum ether (bp 60-90°C) to give a white solid of (10). 

Yield 99 mg (90.8%); m.p. 174.0"C; 'H NMR (CD,COCD,/TMS): 6 0.52 (t, 3H, J = 
5.0Hz,CH3), 0.68-1.87 (m, 12H), 3.00 (s, lH, COOH), 3.92 (t,2H, J = 6.0 Hz,OCH,), 
7.22 (d, 2HM7.78 (d, 2H) (AA'BB', J = 80 Hz, Ha,,,); l 9  F NMR (CD,COCD,/TFA): 
69.15 (m,2F, Fa,,,), 81.33 (m, 2F, F,,,,); IR (KBr): 2940,2850,1700,1615,1500,1482, 
1425,1404,1390,1321,1300,1284,1260,1195,1090,990,862,805,760cm- '; MS 
m/s (re1 int): 398 (M', 6.54), 286 (100.00), 269 (10.50). 
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TETRAFLUOROBIPHENYL ESTER MESOGENS 35 

6. 4-[(s)-2-Methylbutoxycarbonyl]phenyl4'-n-octyloxy-2', 3', 5', 6 -  

Compound C was prepared by a similar procedure described for compound A-7, and 
had satisfactory elemental analyses. 

Yield 74.5%; m.p.  84.l"C; 'H NMR (CCl,/TMS): 6 0.75-1.95 (m, 24H), 
4.10 (m, 4H, 2 x OCH,), 7,13 (d, 2H)/7.98 (d, 2H) (AABB', J = 8.0 Hz, C6F4-C6H4- 

(CCIJTFA): 6 69.45 (m, 2F, F,,,,), 81.63 (m, 2F, F,,,,); IR (KBr): 2950, 2910, 2850, 
1740,1712,1602,1500,1480,1405,1390,1270,1208,1164,1092,1020,980,890,855,762, 
725, 702cm-'; MS m/s (re1 int): 588 (M', 1.26), 381 (lOO.OO), 269 (26.13). 

tetrajuorobiphenyl-4-carboxylate (C) 

COO), 7.47(d, 2H)/8.17(d, 2H)(AABB', J = 8.0 Hi!,C00-C6H4-C00); 19F NMR, 
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