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Abstract 

A practical synthetic route to a series of (R)- or (S)-(1-trifhroromethyl)alkyl 4-hydroxy- 
benzoates has been developed. These materials were prepared by the reaction of p- 

hydroxybenzoic acid with (R)- or (S)-l-(trifhroromethyl)alkanols in the presence of p- 
toluenesulfonic acid under reflux conditions. Further reaction with the acid chloride of 
4’-alkoxybiphenyl-4-carboxylic acid gave the desired liquid crystals. 

Introduction 

Recently, it has been reported that the real cause of stabilization of the 
third state [ 1, 21 and the possibility of tristable switching in surface-stabilized 
ferroelectric liquid crystal display devices were based on the characteristic 
influence of a fluoroalkyl group on the chiral center [ 3-51. However, the 
synthetic route to such ferroelectric liquid crystals shown in Scheme 1 is 
not convenient because of the high cost ofp-cyanobenzyl alcohol. In particular, 
reduction using the Pd-C /HZ system only proceeds under ultrasonic irradiation, 
and the overall yield of (l-trifluoromethyl)alkyl 4-hydroxybenzoates (2 and 
3) from p-benzyloxybenzyl alcohol was poor (about 25-35%) [5]. 

Results and discussion 

In this paper, we describe an improved method for preparing (l-tri- 
fluoromethyl)alkyl4-hydroxybenzoates (2 and 3) from alcohols 1. To achieve 
the desired conversion, we investigated the direct condensation reaction of 
p-hydroxybenzoic acid with (A?)- or (S)-( 1 -trifluoromethyl)alkanols [ 6 1. These 
reactions proceeded smoothly in the presence of p-toluenesulfonic acid in 
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p-xylene under reflux conditions, with retention of optical purity (Scheme 
2). The use of this procedure instead of the synthetic route shown in Scheme 
1 increased the yield of (1-trifluoromethyl)alkyl 4-hydroxybenzoates up to 
57-71%. The final step was the condensation reaction of the above-obtained 
benzoates with 4’-alkyloxybiphenyl-4-carboxylic acid chloride, made with 
thionyl chloride in dichloromethane, proceeding to the desired trifluoro- 
methylated ferroelectric liquid crystals in moderate to good yields. 

Experimental 

General procedure 
All commercially available reagents were used without further purification. 

Infrared spectra were obtained by using a JASCO A-102 spectrometer and 
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TABLE 1 

(1-Trifluoromethyl)alkyl p-hydroxybenzoates (2 and 3) 

Compd. 
No. 

CmHz.m+ I Yield b.p. ~C/rorr) [ah,” (MeOH) O.P.” 

Wee) 

2a C&13 64 11&121/0.5 +56.47 (c, 1.29) .95 
2b GH,ti 57 120-123/0.4 +51.05 (c, 1.04) >94 
2c CBHIT 71 124-127iO.5 +50.36 (c, 1.31) .95 
3a G3H13 58 116-l 19/0.5 -56.03 (c, 1.16) >94 
3b GHxi 66 123-12510.5 -51.12 (c, 1.15) >95 
3c CsH,r 64 121-123/0.5 -49.97 (c, 1.07) >93 

“optical purity: satisfactory microanalyses (C, iO.496; H, ~10.4%) were obtained for each of 
the six products (2a-3c). 

TABLE 2 

NMR spectra; data for compounds 2 and 3 

Compound ‘H NMR (CDCl,) Qpm) “F NMR (CDCl,) G(ppm); (J in Hz) 

No. 

2a, 3a 

2b, 3b 

2c, 3c 

0.71-2.04 (m, 13H); 5.58 (m, CH); 
7.05-3.12 (OH, HW,,,) 

0.69-1.95 (m, 15H); 5.61 (m, CH); 
7.02-8.09 (OH, H,d 

0.67-2.10 (m, 17H); 5.60 (m, CH); 
7.01-8.10 (OH, H,,,,) 

-0.6 (d, &,=6.6) 

-0.5 (d, JF-H=6.6) 

-0.5 (d, Jr_,,= 7.5) 

V@pm) from ext. CF3C02H. 

KBr pellets. Nuclear magnetic resonance (NMR) spectra were recorded at 
200 MHz for ‘H NMR (internal MelSi) and 56.4 MHz for “F NMR (external 
CF&02H). Specific rotations were recorded by using a JAXO DIP-l 40 digital 
polarimeter. Yields were those of the products actually isolated. The preparation 
of the trifluoromethylated alcohols was as given in ref. 6. 

(R)-(+)-(l-Tri,Ruoromethyl p-hydroxybemoate (2a) [S] 
A mixture of (R)-( +)-(1-trifluoromethyl)heptanol(3.5 g, 20 mmol; [cx],,‘~ 

(MeOH), +27.20” (c, 1.46) >96 %ee), p-hydroxybenzoic acid (6.0 g, 43.4 
mmol) and p-toluenesulfonic acid (0.6 g) in p-xylene (80 ml) was reflwted 
for 15 h, and then poured into diisopropyl ether (500 ml). The ethereal 
layer was washed with sat. sodium carbonate, brine and water, and then 
dried over magnesium sulfate. After removal of the solvent, distillation gave 
the recovered (R)-( + )-l-trifluoromethylheptol (1.9 g) and (R) - ( + )-(l- 
trifluoromethyl)hexyl p-hydroxybenzoate (1.70 g; 64% recovered yield); b.p., 
118-121 “C/O.5 Torr, [cr]h2i (MeOH), + 56.47” (c, 1.29); > 95 %ee. IR (KBr): 
3410 (OH); 1725 (C=O) cm-‘. 
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(Ii)-(+)-(I-P@oromethyl)octyl p-hydroxybemoate (Zb) (nc) 
A mixture of (R)-( +)-( 1 -trifluoromethyl)octanol (1.86 g, 10 mmol; [LX]~~’ 

(MeOH), +23.52” (c, 1.46) > 94 %ee), p-hydroxybenzoic acid (3.0 g, 21.7 
mmol) and p-toluenesulfonic acid (0.3 g) in p-xylene (50 ml> was refluxed 
for 15 h, and then poured into diisopropyl ether (300 ml). Distillation gave 
the recovered (R)-( +)-l-trifluoromethyloctanol (0.8 g) and (R)-( +)-(l-tri- 
fluoromethyl)octyl p-hydroxybenzoate (1.03 g; 57% recovered yield); b.p., 
120-123 “C/O.4 Tori-, [(Y],, 21 (MeOH), + 51.05” (c, 1.04); > 94 %ee. IR (KBr): 
3405 (OH); 1725 (C=O) cm-‘. Analysis: Cakd. for C16H21F303 (318.3): C, 
60.37; H, 6.65%. Found: 318.3374. 

(I?.)-(+)-(I-Fr@mrom&hyl)nonyl p-hydroxybemoate (Zc) [SJ 

A mixture of (R)-( -I-)-(1-trifiuoromethyl)nonanol (2.0 g, 10 mmol; [aJD21 
(MeOH), +23.13” (c, 1.14) >97 %ee), p-hydroxybenzoic acid (3.0 g, 21.7 
mmol) and p-toluenesulfonic acid (0.3 g) in p-xylene (50 ml) was refluxed 
for 15 h, and then poured into diisopropyl ether (300 ml). Distillation gave 
the recovered (R)-( -t )-l-trifluoromethylnonanol (0.9 g) and (R)-( +)-(l-tri- 
fluoromethyl)nonyl p-hydroxybenzoate (1.24 g; 71% recovered yield); b.p., 
124-127 “C/O.5 Torr, [a]h2’ (MeOH), +50.36” (c, 1.31); > 95 %ee. IR (KBr): 
3410 (OH); 1725 (C=O) cm-‘. 

~)-C-)-Cl-Tri,fZwuromethyl)hexyl p-hydroxybenzoate @a) [SJ 

A mixture of (s)-( -)-(1-trifiuoromethyl)hexanol (3.5 g, 20 mmol; [alD21 
(MeOH), - 26.97” (c, 1.04) > 94 %ee), p-hydroxybenzoic acid (6.0 g, 43.4 
mmol) and p-toluenesulfonic acid (0.6 g) in p-xylene (80 ml) was refluxed 
for 15 h, and then poured into diisopropyl ether (500 ml). Distillation gave 
the recovered (s)-( - )- 1 -trifluoromethyIhexanol (1.7 g) and (s)-( - )-( 1 -tri- 
fluoromethyl)hexyl p-hydroxybenzoate (1.73 g; 58% recovered yield); b.p., 
116-119 “C/O.5 Torr, [crlD2’ (MeOH), -56.03” (c, 1.16); >94 %ee. 

@)-(-)-(I-%@mwmethyl)octyl)octyl p-hydroxybenzoate (3b)(ncj 
A mixture of (5’)-( - )-(l-trifluoromethyl)octanol (1.84 g, 10 mmol; [cY],,~~ 

(MeOH), -23.67” (c, 1.24) > 95 %ee), p-hydroxybenzoic acid (3.0 g, 21.7 
mmol) and p-toluenesulfonic acid (0.3 g) in p-xylene (50 ml) was refluxed 
for 15 h, and then poured into diisopropyl ether (300 ml>. Distillation gave 
the recovered (a-( - )-1 -trifluoromethyIoctanol (0.9 g) and (s)-( - )-(1 -tri- 
fIuoromethyl)octyl p-hydroxybenzoate (1.06 g; 66% recovered yield); b.p., 
123-125 “C/O.5 Torr, [(r]n2’ (MeOH), -51.12” (c, 1.15); >95 %ee. IR (KBr): 
3405 (OH); 1725 (C=O) cm-’ Analysis: Cakd. for C6H2rF303 (318.3): C, 
60.37; H, 6.65%. Found: C, 60.63; H, 6.41%. High-resolution MS: Calcd. 
for C16H21F303: 318.3362. Found: 318.3354. 

(s)-[--)-(l-Tr@un-Yromethyl)nonyl p-hydroxybenzoate (SC) [5J 

A mixture of Q-( - )-(l-trifluoromethyl)nonanol (4.0 g, 20 mmol; [a]n21 
(MeOH), -22.87” (c, 1.25) >93 %ee), p-hydroxybenzoic acid (6.0 g, 43.4 
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mmol) and p-toluenesulfonic acid (0.6 g) in p-xylene (100 ml) was reflexed 
for 15 h, and then poured into diisopropyl ether (500 ml). Distillation gave 
the recovered (s)-( -)-1-trifluoromethylnonanol (2.1 g) and Q-( -)-(l-tri- 
fluoromethyl)nonyl p-hydroxybenzoate (1.93 g; 64% recovered yield); b.p., 
121-123 “C/O.5 Tori-, [(~]h 21 (MeOH), -49.97” (c, 1.07); > 93 %ee. 

(R)-(+)-4-[(I-~~~omethyloctyloxycarbonyl)phenyl] I’-kxyloxy- 
biphenyl-4-carboxylate (4) [rtcj 

A mixture of 4’-hexyloxybiphenyl-4-carboxylic acid (0.89 g, 2.9 mmol) 
and freshly dried thionyl chloride (9 ml) was reflwred for 1 h, and then the 
remaining thionyl chloride was removed under dynamic vacuum at 90 “C. 
Into a mixture of the above-obtained acid chloride and (R)-( +)-(l-trifluo- 
romethyl)octylp-hydroxybenzoate (0.77 g, 2.45 mmol; [aD2i (MeOH), + 51.05” 
(c, 1.04) > 94 %ee) in dichloromethane (15 ml) under an atmosphere of 
nitrogen, pyridine (1.0 ml) was added via a syringe. After 3 d stirring at 
room temperature, the mixture was quenched with 1 N HCl and then washed 
with brine. The trifluoromethylated ferroelectric liquid crystal 4 was separated 
by column chromatography on silica gel using a mixture of hexane/ethyl 
acetate (3:1), and was then recrystallized from ethanol; m.p., 109-110 “C, 
[alD21 (CHCla), +38.19” (c, 0.49) >94 %ee. IR(KBr): 1735 (C=O) cm-‘. 
“F NMR (CDCla/ext. CF&02H) 6: 0.83 (d, JF_H= 7.5 Hz) ppm. ‘H NMR 
(CDCla) S: 0.90-1.93 (m, 26 H); 4.01 (t, 0CH2, JH_H= 3.3 Hz); 5.57 (m, 
CHCF3); 7.00-8.25 (12H,a ppm. Analysis: Calcd. for C35H41F305 (598.7): 
C, 70.22; H, 6.90%. Found: C, 70.09; H, 7.04%. High-resolution MS: Calcd. 
for C35H41F305: 598.7028. Found: 598.7044. 

(s)-(-)-4-[[l-Tr.@wromethylnonylaxycarbonyl~phenyl] I’-octyloxy- 
biphenyl-4-carboxylute (51 @c) 

A mixture of 4’-octyloxybiphenyl-4-carboxylic acid (1.30 g, 4.0 mmol) 
and freshly dried thionyl chloride (11.8 ml) was refluxed for 1 h, and then 
the remaining thionyl chloride was removed under dynamic vacuum at 90 
“C. Into a mixture of the above-obtained acid chloride and (s)-( -)-(l- 
trifluoromethyl)nonyl p-hydroxybenzoate (0.73 g, 2.18 mmol; [alDzl (MeOH), 
- 49.97” (c, 1.07) > 93 %ee) in dichloromethane (17 ml) under an atmosphere 
of nitrogen, pyridine (1.2 ml) was added via a syringe and the mixture then 
worked-up similarly. The trifluoromethylated ferroelectric liquid crystal 6 was 
separated by column chromatography on silica gel using a mixture of hexane 
ethyl acetate (3:1), and was then recrystallized from ethanol in 64% yield; 
m-p., 81.5-82 “C, [(wlD21 (CHCI,), -28.09” (c, 0.78) > 93 %ee. IR(KBr): 
1735 (C=O) cm-‘. “F NMR (CDCls/ext. CF,C02H) S: -0.17 (d, JF_H= 7.5 
Hz) ppm. ‘H NMR (CDCla) S: 0.67-2.00 (m, 32 H); 4.10 (m, 2 H); 5.67 
(m, CHCF3); 7.00-8.50 (12H_,,,) ppm. Analysis: Calcd. for C38H47F305 
(640.8): C, 71.23; H, 7.39%. Found: C, 71.51; H, 7.46%. High-resolution 
MS: Calcd. for C3sH4rF305: 640.7834. Found: 640.7821. 
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