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The synthesis and specific properties of a new family of chiral dopants for ferroelectric liquid 
crystals, which are derived from a series of trifluorinated dihydrofuranones and 
tetrahydrofurans, are described. On the basis of the structural features of designed materials 
and the MOPAC-PM 3 calculations, a discussion of the response time-structure relationships 
is given. Optically active trifluoromethylated materials with a tetrahydrofuran tail unit were 
found to be superior chiral dopants for preparing ferroelectric liquid crystalline 
compositions. 

1, Introduction 
One objective of research in conductive liquid crystal 
design is to select ferroelectric liquid crystals with 
better response characteristics as well as being useful 
for preparing a large display [1-4]. In fact, new 
ferroelectric liquid crystals (FLCs) and chiral dopants 
for FLCs with quick response times and large spon- 
taneous polarization have been reported [5-16]. Re- 
cently, an excellent chiral dopant including large 
spontaneous polarization has been produced by 
adding a compound with a cyclic chiral part contain- 
ing a dipole to a non-chiral Sc host liquid crystal. It 
was elucidated that both the inhibition of the free 
rotation around the long axis by the steric hindrance 
and the fixation of the permanent dipole moment 
perpendicular to the molecular long axis were respon- 
sible for the above phenomenon [17-23]. Based on 
this hypothesis, chiral five-membered (7-1actones 
[17-19], 1,3-dioxolan-2-one [20], and oxazolidine-2- 
one [21]) or six-membered rings (8-1actones [22], 1,3- 
dioxanes and 1,3-dioxane-2-ones [23]) have been in- 
vestigated. However, studies on the molecular design 
of chiral dopants for FLCs to derive the relation 
between response time and molecular structure have 
not been undertaken [24, 25]. 

A fundamental objective of ferroelectric liquid crys- 
tal design is to understand the relation between the 
physical properties and the molecular structure. It is 
possible to correlate specific properties of known 
FLCs and chiral dopants for FLCs with their struc- 
ture and physical properties: (1)the rise time is 

dependent upon viscosity, (2) a large spontaneous 
polarization is induced by both the inhibition of 
free rotation around the long axis by the steric 
hindrance and the fixation of the permanent dipole 
moment perpendicular to the molecular long 
axis [5-25], and (3)FLCs and/or chiral dopants 
for FLCs with fluorine(s) or a trifluoromethyl 
group at their stereogenic centres, showing a larger 
spontaneous polarization and quick response time 
than the ones possessing a methyl group due to 
strong electronegativity of fluorine(s). In addition, 
we have observed that a fluoroalkyl group attached to 
the stereogenic centre may decrease the viscosity 
[4 8]. 

These above observations have led to the following 
cumulation in the design of a new family of chiral 
dopants for FLCs that (1) a fluoroalkyl group at- 
tached to the stereogenic centre may increase the 
polarization and decrease the viscosity, (2) the pres- 
ence of a ring tail unit containing a carbonyl or ether 
group Should be employed as the source of the dipole 
moment, and that (3) the presence of several 
stereogenic centres in a molecule is more effective. 

In this paper, we describe work aimed at deriving 
a basic understanding of the relation between re- 
sponse time and molecular structure which could be 
applied to be new chiral dopants for FLCs with speci- 
fic properties. The synthesis and some properties of 
a new family of ferroelectric liquid crystals designed 
upon the basis of the above considerations, are 
reported. 
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2. Results and discussion 
2.1. Synthesis 
The synthetic routes to a wide variety of chiral 
dopants for FLCs using by tail units 1 and 2, which 
were designed upon the basis of the mentioned above, 
are shown in Scheme I-IlL Recently, we exploited the 
synthetic route to access optically active 5-[l'-l'- 
hydroxy-2',2',2'-trifluoroethyl)]-3(or 4)-alkyldihydro- 
2 (3H)-furanones 1 (R1 = n -C4H9,  R2 = H; R1 = H, 
R2 = n-C3H9) starting from silylated furan using en- 
zymatic optical resolution as a key step [26-28]. To 
achieve the desired furans 2 as a chiral dopant for the 
FLCs tail unit, we carried out the reduction of optical- 
ly active compounds 1 with NaBH4. 
Scheme I 

CF3 R1 CF~ R1 
11 ~ R 2 (a) ~ - " 

1 2 

(a) TBSCI, pyridine, CH2Cl 2 ; NaBH4, 
BF3-Et20, THE digyme, 1.5h reflux 

(b) Bu4NF, THF, MeOH 

The next step in the synthetic strategy required the 
condensation of core structure groups and the fluor- 
inated chiral tail unit 1 or 2. For the present purpose, 
4'-(alkoxy) biphenyl-4-carboxylic acid chlorides or 4'- 
chloromethyl-4-alkoxybiphenyl were condensed with 
the fluorinated chiral tail unit 1 or 2. The products 
were purified by flash column chromatography on 
silica gel. 

2.2. Ferroelectric liquid crystal properties 
Because the prepared compounds were found not to 
behave as liquid crystals by themselves, FLCs were 
prepared by adding 2 wt % of these materials to the 
non-chiral host Sc liquid crystal which was prepared 
by blending several kinds of 2-(4-alkoxyphenyl)-5-al- 
kylpyrimidines, and their phase behaviour is shown in 
Table I. 

The phase sequences and phase transition temper- 
atures of FLCs were determined with a polarizing 
microscope provided with temperature control units. 
Evaluation was done, after gradual cooling to ambient 
temperature, with a 2 gm thickness cell equipped with 
indium-tin oxide (ITO) electrodes covered with 
a polyimide-alignment layer treated by the parallel 
rubbing method [29], where a liquid crystal composi- 
tion in the isotropic phase was injected. 

The response time was determined by measuring 
the time required for the change of the strength of 
transmitted light from 0 to 50% under a crossed- 
Nicols when applying square wave voltage of _+ 10 V 
at 30 ~ The tilt angle was determined as the half of 
the angle between two extinction positions obtained 
by applying d.c. voltage of _+ 15V at 30~ The 
spontaneous polarization was determined at the same 
temperature according to the triangular wave method 
[-30]. It was found that the spontaneous polarization 
increases monotonically as a function of T .... - T  
without any irregularities. The synthetic materials 3, 4, 
5, 6 and 7 have not shown a ferroelectric liquid crystal 
phase. The results of the chiral dopants for FLCs are 
shown in Tables I and II. 

For the purpose of developing structure-physical 
properties relationships, these properties of several 

T A B L E  I Physical properties of liquid crystals 

No R1 R2 R X Transit ion temperature (~ P>esponse Tilt angle N* Pitch 
time (degrees (~tm) 

S* S~ N* I (ms) 

3a (1'S,5S) H H C10HzlO CO2 
3b (I'S,5R) H H CIoH21O CO 2 
3c (I'R,4R,5R) C,,H 9 H Cj.oH210 CO 2 
3d (1'S,4S,5S) C4H 9 H C6H13O CO 2 
3e (1'S,3R,5S) H C3H7 C6Ht 30 CO 2 
3f(I'S,3R, 5S) H CaN 7 CloH210 CU20 
4a (1'S,5S) H H CloH2tO CH2O 
4b (I'S,5R) H H C10H210 CH20 
5a (I'R,2R,3R) Call 9 H C6H13O C O  2 

5b (1'R,2S,3S) C4H9 H C6H130 CO2 
6a (I'R,2R,3R) C4H 9 H C6H130 CH20 
6b (1'R,2S,3S) C4H9 H C6H130 CHzO 
7a (1'S,2S,4R) H C3H7 C6H13 O C02 
7b (1'S,2R,4S) H C3U 7 C6H13O CO2 

33 63 66 208 9 - 5 
44 60 66 135 17 + 8 
42 62 67 408 15 + 21 
39 62 67 178 13 - 13 
41 61 67 211 14 
47 59 67 424 18 
45 58 66 422 14 - 17 
41 61 67 206 14 - 13 
43 61 67 122 16 - 34 
43 61 67 152 19 - 9 
46 58 66 162 18 - 18 
45 59 67 156 17 > 100 
41 63 67 174 13 + 14 
44 62 67 96 16 + 13 

Phase transition temperature of achiral Host  LC: So 51 SA 63 N 69 I (~ 
0 ~ 50% transmittance change. 
FLCs were prepared by adding 2 wt % of the prepared chiral parts to the 

CF 3 R1 

3 ( 4 )  

Cell thickness: 2 ~tm; Response time: Vp_p = 10 V pro- t ,  30 ~ 

host  Sc liquid crystal. 

R_O_O-@. 
5 ( 6 o r 7 )  

5 2 0 0  



Scheme II 
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Scheme IlI 
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(a) 7 "  / 

CF 3 R1 

R - - ~ ~ ~  X ~ ~  ~R2 

3 

( b ) substrate, pyridine, toluene 

C1~ ~ CH20 ~ 0  

4 

(b) Nail. THE reflux, 20 min ; 
4'-chloromethyl-4-decyloxybiphenyi, 
THF, Me2SO, RT, 30 min ; 60 ~ 24 h 

5 

( a ) 4'- hexyloxy-4-biphenyl 
carboxylic acid chloride, pyridine, toluene 

OF 3 R1 

C6H130 ,'# R2 

6 (R 1 = C4H 9; R 2 = H ; X = CH20 ) 

7 (R1 = H ; R 2 = C3H 7 ; X = C O  2 ) 

(b) Nail, THF, RT, 30 min ; 
4'- chloromethyl-4-hexyloxybiphenyl, 
THE Me2SO, RT 

(b') 4'-hexyloxy-4-biphenyl 
carboxylic acid chloride, pyridine, toluene 

compounds with different core structure and the 
same chiral dihydrofuranose tail unit was compared, 
whose results were shown in Table II. The transition 
temperature from SA to Sc of the host liquid crystal 
was not changed significantly and the apparent tilt 
angles were found to be relatively large. The response 
time of those compounds were measured as 280 to 
410 ~ts. 

Meanwhile, it is found on the basis of the tabulated 
results in Table I that the response time of a tetrahyd- 
rofuran tail unit is generally quicker than that of 
a dihydrofuranone ring tail unit. Those of compounds 
(5, 6 and 7) with tetrahydrofuran tail units are 100 to 
180 ~ts, while those of the compounds (3 and 4) with 
a dihydrofuranone tail unit are 200-430 gs. Compari- 
son of the response time of ester series (3e, 5a and 5b) 

(see Fig. 1) and methylene oxy series (3f, 6a and 6b) 
showed that the selection of the functional group was 
a very important factor in decreasing the response 
times. Furthermore, the response times of several 
FLCs with different molecular structures in the 
stereogenic centre and the alkyl chain length were 
compared, with results shown in Table I. The relation- 
ship between the configuration of stereogenic centre is 
an important factor for the response time. Those of 
compounds (Sa and 7b) are faster than those of com- 
pounds (5b, 6a, 6b and 7a). 

In the next stage to make clear the response 
time-structure relationships, we calculated the opti- 
mized structures by the PM3 calculations through 
multiconformer analysis [31] of dihydrofuranones 
and tetrahydrofurans. 
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TABLE II Physical properties of liquid crystals bearing various types of core structure 

Core structure Transition temperature Response Tilte angle 
(~ time (ms) (degree) 

S C S A N I 

C l o H 2 1 0 - - ~ ' ~  42 62 67 408 

C8H170 ~ CO2 ~ _ . ~  42 61 67 365 

F F 
k / 

C8H170 - ~  CO 2 - 0  44 60 67 282 
/ X 

F F 

C8H170 ~ 41 59 66 391 

15 

15 

17 

14 

Response time: Vp_p = 10 Vgm-t ,  30oc, 0 ~ 50% transmittance change 

O CF3 C4H 9 

O 

On the bases of the PM3 calculations shown 
in Fig. 1, the carbonyl group on the dihyd- 
rofuranone ring would not exhibit good polar orienta- 
tion of the trifluoromethyl group (3d' and 3f), 
however, the ester carbonyl group would exhibit good 

polar orientation of the trifluoromethyl group (3d', 7a' 
and 7b'). 

The transition temperature from SA to Sc of the host 
liquid crystal containing a dopant with a dihyd- 
rofuranose tail unit was lowered by a few degrees 

0 CF3sC4H9 CF3 

3d' 178 gs 3f' 424 gs 5a' 122 tas 

6a' 162 gs 

Figure 1 Optimized structures by PM3 calculations. 
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~ C3H7 

7a' 174 gs 

~ ,.~ C3H7 

7b' 96 gs 



compared with that of a tetrahydrofuran tail unit. The 
same trend was observed for the tilt angle, the former 
giving the smaller value. This d~fference might be 
elucidated by the alignment of the molecules themsel- 
ves: thus, the latter ring derivatives contained much 
better linearity (Fig. 1). 

The aforementioned features of the compounds de- 
pending upon the structure ofchiral tail unit and the 
PM3 calculations are summarized as follows: (1) the 
compounds with a tetrahydrofuran tail unit exhibited 
faster response time than those of compounds with 
a dihydrofuranose tail unit, (2) the ester group with 
good polar orientation of the trifluoromethyl group, 
an important factor in decreasing the response time, is 
constructed by the relationship between the configura- 
tion of three stereogenic centres. 

As described in this paper, optically active tetrahyd- 
rofurans with a trifluoromethyl group were found to be 
superior chirai dopants for preparing ferroelectric liquid 
crystalline compositions. Particularly, the FLC contain- 
ing compound 7b furnished the best result among all the 
materials prepared, with a response time as fast as 96 Its. 

Appendix: Experimental procedure 
General procedures 
All commercially available reagents~ 4'-(decyloxy)-4- 
biphenyl-carboxylic acid, 4'-chloromethyl-4-(decy- 
loxy)biphenyl, 4-(octyloxy)tetrafluoro~benzoic acid 
and 4'-(octyloxy)phenyl-4-cyclohexylic acid were used 
without further purification. Ether and THF  were 
distilled from sodium benzophenone under a nitrogen 
atmosphere immediately prior to use. CH2Ci2 was 
similarly distilled from calcium hydride. Infrared 
spectra were obtained by using a Jasco A-102 or 
a Jasco FT/IR-5000 spectrometer and KBr pellets. 
Nuclear magnetic resonance (NMR) spectra were re- 
corded at 200 MHz or 500 MHz for 1 H N M R  (inter- 
nal Me4Si) and at 470 MHz for ~9FNMR (internal 
C6F6) at 125 MHz for 13CNMR in CDCt3. Yields 
were those of isolated products. The optical purities 
were determined by 1H or 19F N M R  and high pres- 
sure liquid chromatography (HPLC). 

hydroxy-2' ,2 ' ,2 '- tr if luoroethyl]dihydro-2(3H)-fura- 
none (lb) [20-1: [a]lSo - 5 5 . 2 4  ~ (c 0.84, CHC13), 
> 98% ee; 1 H N M R  (CDC13:15 2.2-2.8 (4 H, m), 3.99 

(1 H, dq, Jn.H = 2.58, 7.29 Hz), 4.00 (1 H, br), 4.79 (1 H, 
ddd, Jn,n = 2.61, 7.14, 7.14 Hz); t 3 C N M R  (CDC13): 
623.65, 27.63, 70.91 (q, J = 30.3 Hz), 76.62 (q, J = 
2.2Hz), 124.07 (q, J = 284.5Hz), 177.69; ~9FNMR 
(CDC13): 684.7 (d, Jv,n = 6.9 Hz); i.r. (cm- 1): 1750 (C =O). 

Preparation of ( l"S,4S, SS)-5-[ l '-hydroxy- 
2',2',2'-trifl uoroethyl)]-4-butyldihydro-2(3H)- 
furanone (ld'). 
(a) Michael Addition of Cuprate to 2- 

Butenolide. 
Into the solution of CuI (1.0 g, 10 mmol) and tetrahyd- 
rofuran (10ml), n-BuLi in hexane (1.6 M, 12.5 ml, 
20 retool) was added at - 78 ~ under an atmosphere 
of nitrogen. The whole was stirred for 30 min at that 
temperature and the BF3-Et20  solution (2.8g, 
20 retool) was added in the above solution. Into the 
above solution, (l'S,4S)-4-{l'-[l'-t-butyldimethyl- 
si loxy)-2 ' ,2 ' ,2 ' -  t r i f luor  oet hyl]  } -2 -bu ten -4 -o l ide  
{[~]27D + 98.24 ~ (c 1.00, MeOH), > 95% ee [20]} 
(1.5 g, 5 mmol) in tetrahydrofuran (2 ml) was added at 
- 78 ~ and then ~he whole was stirred for 2 h at that 

temperature. The reaction was quenched with aque- 
ous NH~OH solution, and oily materials were extrac- 
ted with ethyl acetate. The extract was washed with 
water, aqueous Na2SO3 and brine, and then the or- 
ganic layer was dried over magnesium sulphate. On 
removal of the solvent, the crude compound 
( l'S,4S,5S)-5-{ l'-[ l'-t-butyldimethyl-siloxy)-2',2',2'-tri- 
fluoroethyl]}-4-butyldihydro-2(3H)-furanone (ld') was 
isolated by column chromatography on silica gel by 
using a mixture of hexane-ethyl acetate in 86% yield; 
1 H N M R  (CDC13): 60.1t (6 H, s), 0.88 (12 H, m), 
1.20-1.70 (6 H, m), 2.19 (1 H, dd, JH,H = 6.3, 17.4 Hz), 
2.30-2.60 (1 H, m), 2.71 (1 H, dd, Jura = 9.0, 17.4 Hz), 
3.98 (1 H, dq, Jn.H = 2.7 Hz, JH,v = 6.3 Hz); 13CNMR 
(CDC13): 6 - 5.38 (q, J = 1.8 Hz), - 5.23 (s), 13.63, 
22.27, 29.11, 33.57, 34.00, 36.09, 37.92 (s), 45.31 (s), 
71.65 (q, J = 30.7 Hz), 82.25 (q, J = 1.7 Hz), 123.88 (q, 
J = 285.1 Hz), 175.93 (s); t 9 F N M R  (CDC13): 889.8 (d, 
JFm = 6.3 Hz); i.r. (cm-2): 1790 (C =O). 

Hydrogenation of 2-Butenolides 
To a suspension of 10% palladium on carbon (0.04 g) 
in anhydrous ethanol (20 ml) under H2 was added 
the corresponding 2-butenolide (3.98 retool), and the 
whole was stirred overnight. After removal of the 
catalyst and concentration of the filtrate, the crude 
product was chromatographed to yield the desi- 
red butyrolactone~ (l'S,5S)-5-{l'-(l't-butyl-dimethylsit- 
oxy)-2',2',2'-triftuoro-ethyl]}-dihydro-2(3H)-furanone 
(la') [201: [v.J2s~) -- 0.15 ~ (c 1.09, MeOH), > 96% ee; 
t H N M R  (CDCI3): 60.09 (3H, s), 0.11 (3 H, s), 0.87 
(9 H, s), 2.1-2.6 (4 H, m), 4.35 (1 H, dq, JH.R = 1.83, 
7.14Hz), 4.72 (1 H, dt, Jn,~ = 1.76, 7.29 Hz); 
13CNMR (CDCI3): 6 -5 .84 ,  -5 .25 ,  17.75, 20.13, 
25.21, 28.01, 71.95 (q, J = 30.1 Hz), 77.64, 123.65 (q, 
J = 284.6Hz), 176.41; ~9FNMR (CDCI3): 683.2 (d, 
JF,H = 8.1 Hz); i.r. (cm-1): 1790 (C=O). (1'S,5R)-5-[1'- 

(b) Desilylation. 
Into a solution of the above compound (ld') in tet- 
rahydrofuran (3ml) and methanol (2ml), Bu4NF 
(5 mmol % of furan) was added at room temperature. 
After 24 h of stirring at that temperature, the whole 
was quenched with water. Oily materials were extrac- 
ted with diethyl ether, and the extract was washed 
with brine. On removal of the solvent, the title mater- 
ial was isolated by column chromatography on silica 
gel using a mixture of hexane-ethyl acetate; mp 
58.0-58.5~ [cz]21D (c 1.04, MeOH), > 95% ee; 
1 H N M R  (CDC13): 60.87 (3H, t, J~ ,n=6 .7Hz) ,  
1.15-1.65 (6H, m), 1.60-2.00 (1H, br), 2.18 (1 H, dd, 
JH,H = 2.9, 17.4 Hz), 2.65-2.85 (1 H, m), 2.87 (1 H, dd, 
JHm = 9.5, 17.5 Hz), 4.36 (1 H, dq, Jn,H = 2.2 Hz, 
JF,H = 8.2Hz), 4.45 (1 H, dd, JH.H = 2.2, 2.4Hz); 
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t 3 C N M R  (CDC13): 8 13.62 (s), Hz, 22.16, 28.60, 34.16, 
34.81, 33.80 (q, J = 1.6 Hz), 70.67 (q, J = 30 Hz), 83.51 
(q, J = 1.5 Hz), 123.89 (q, J = 283.7 Hz), 179.05 (s); 
19FNMR (CDC13): 888.5 (d, JF,H=8.2Hz);  i.r. 
(cm-1): 3300 (OH), 1760 (C =O). 

( l 'S,3R,5S)-5-[ l ' -( l ' - t-Butyldimethylsi loxy)- 
2',2',2'-tr i f lu o roe thy l ) ] -3 -propy ld ihydro-  
2(3H)-furanone (le') 
A 1 M solution of L H M D S  [32] (1.2 equiv) in T H F  at 
- 7 8  ~ was treated with (l'S,5S)-5-{l'-El'-(t-butyl- 

dimethylsilo xy)-2',2',2'-trifluoroethyl] }dihydro-2( 3 H)- 
furanone (1 equiv), and the whole was stirred for 
30 min, followed by the addition of propyl bromide 
(5 equiv) at the same temperature. The usual workup 
and purification by silica gel column chromatography 
afforded ( l'S,3R,5S)-5-{ l'-[ l'-t-butyldimethyl-siloxy)- 
2',2',2'- trifl uo r o e thyl]  } -3 -pro p y ld ihydr  o- 2(3 H)- 
furanone (le'). 1 H N M R  (CDC13): ~ 0.12 (3 H, s), 0.13 
(3 H, s), 0.9-1.10 (12 H, m), 1.21-1.74 (4 H, m), 2.01 
(1 H, ddd, JH,~ = 4.7, 8.2, 13.1 Hz), 2.6-2.8 (2 H, m), 
4.30 (1 H, dq, JR,n = 1.8 Hz, JH,F = 7.1 Hz), 4.68 (1 H, 
ddd, Jn,n= 1.8, 4.7, 7.5Hz); t 3 C N M R  (CDC13): 

-- 5.50 (q, J = 1.6 Hz), - 5.20 (s), 16.63, 21.47, 27.11, 
34.30, 36.19, 38.02 (s), 45.45 (s), 71.41 (q, J -- 30.5 Hz), 
83.13 (q, J = 1.7 Hz), 124.13 (q~ J = 285.4 Hz), 176.03 
(s); 19FNMR (CDC13): 8 82.6 (d, Jv,n = 7.1 Hz); i.r. 
(cm- 1): 1780 (C =O). 

( l '  R,2R,3R)-2-[ l '-(1-Hydroxy-2',2',2'- 
trif luoroethyl)]-3-butyltetrahydrofura n (2e) 
(a) Reduction o f  (l"R,4R,5R)-5-{l"-[l"-(tert- 

butyldimethylsi loxy)-2;2;2"- 
t r i f luoroe th yl_7_]}- 4-b u ty ld ih  ydro-2(31-1)- 
furanone ( lc )  E26-28_]. 

Into a solution of NaBH4 (0.11 g, 2.8 mmol) of a mix- 
ture solution of tetrahydrofuran (5 ml) and diglyme 
(5 ml) under an atmosphere of nitrogen, BF3-EtzO 
solution (5.3 ml, 42 mmol) was added at 0 ~ In the 
above solution, a solution of compound 
(I'R,4R,5R)-(le') (0.5 g, 1.4 mmol, > 95% ee) in tet- 
rahydrofuran (3 ml) was added at 0 ~ and then the 
whole was stirred at that temperature. After 1 h of 
stirring, the whole was refluxed for 1 h, and then the 
reaction was quenched with water. Oily materials 
were extracted with diethyl ether, and the extract was 
washed with brine. On removal of the solvent, the 
corresponding furan derivative was isolated by col- 
umn chromatography on silica gel using a mixture of 
hexane-ethyl acetate. 

(b) Desilylation of  tert-butyldimethylsf lyl 
group. 

Into a solution of the above furan derivative in tet- 
rahydrofuran (3 ml) and methanol (2ml), Bu4NF 
(0.31 g, 1.2 mmol) was added at 0 ~ After 30 min of 
stirring at that temperature, the whole was stirred for 
four days at room temperature. After quenching with 
water, oily materials were extracted with diethyl ether, 
and the extract was washed with brine. On removal of 

the solvent, the title material was isolated by column 
chromatography on silica gel using a mixture of 
hexane-ethyl acetate in 79% yield; 1H N M R  (CDC13): 
8 0.90 (3 H, t, JH,H = 6.5 Hz), 1.22-1.44 (5 H, m), 
1.45-1.77 (2 H, m), 2.03-2.17 (1 H, m), 2.28-2.43 (1 H, 
m), 2.81 (1 H, d, JH,n = 5.6 Hz), 3.74-3.93 (3 H, m), 
4.06 (1 H, ddq, Jn,i~ = 4.7, 5.6 Hz, JH.F = 7.5 Hz): 
19FNMR (CDC13): ~ 86.9 (d, Jv,n =7.4Hz) ;  i.r. 
(cm-1): 3350 (OH). Analysis: Calculated for 
CaoHlvOzF3: C, 53.09; H, 7.57%. Found: C, 53.21; H, 
7.84%; high-resolution mass calculated for 
CtoHtsO2F3 (M + 1) 227.1259, found 227.1270. 

(1 'S,2R,4S)-2-[1'-(1 '-Hydroxy-2',2',2'- 
trif luoroethyl)]-4-propyltetrahyd rofu ran (2e) 
In the above reaction, a mixture of (I'S,2R,4S)-5-{1- 
[ l'-t-butyldimethylsiloxy)-2',2',2'-trifluoroethyt] }-3- 
propyldihydro-2(3H)-furanone (1.84 g, 5.39 mmol, 
> 96% ee), NaBH~ (0.41 g, 10.8 mmol), BF3 Et /O 

(20.5 ml, 161 mmol), T HF  (13 ml) and diglyme (10 ml) 
were used, and then worked up similarly. On removal 
of the solvent, the isolated crude derivative was used 
in the next step without further purification. 

Into a solution of the above crude furan derivative 
in T HF  (5 ml), Bu4NF (5.5 ml, 5.5 mmol) was added at 
0 ~ and the whole was stirred for 1 h at that temper- 
ature. After 16 h of stirring at room temperature, the 
whole was worked up as usual. On removal of the 
solvent, the title material was isolated by column 
chromatography on silica gel: E~]/sI) - 19.8 ~ (c 0.76, 
MeOH); 1 H N M R  (CDCI3): 8 0.89-0.95 (3 H, m), 
1.18-1.40 (4 H, m), 1.73-1.83 (1 H, m), 1.99-2.09 (1 H, 
m), 2.20-2.29 (1 H, m), 3.00 (1 H, d, JH,~ = 7.5 Hz), 
3.47 (1 H, dd, JHm = 7.5, 8.2 Hz), 3.72-3.81 (1 H, m), 
4.04-4.10 (1 H, m), 4.12-4.24 (1 H, m); 13CNMR 
(CDC13): ~ 14.00 (s), 26.37 (s), 34.93 (s), 35.11, 38.71 (s), 
71.93, 74.57, 74.77, 122.11; 19FNMR (CDCI3): 6 84.8 
(d, Jvm = 7.1 Hz); i.r. (cm- 1): 3420 (OH). High-resolu- 
tion mass calculated for C9HasO2F3 (M +) 212.1025, 
found 212.1024. 

(1' S,5 S)-5- { 1 '-{ 1 '-i-4'"-(d ecyl oxy) bip henyl-4"- 
ca rbony loxy - l - 2 ' , 2 ' , 2 ' - t r i f l uo roe thy l } } -  
dihydro 2(3H)-furanone (3a) 
Into a solution of 4'-(decyloxy)-4-biphenylcarboxylic 
acid chloride (0.99 g, 2.7 mmol) and I'S,SS)-5-[I'-(I'- 
hydroxy-2',2',2'-trifluoroethyl)]-dihydro-2(3H)- 
furanone 2~ (0.41 g, 2.2 mmol, > 95% ee) in toluene 
(5 ml), pyridine (2 ml) was added and the whole stirred 
for 14 h at room temperature. After quenching with 
3 N HC1, oily materials were extracted with diethyl 
ether. The extract was washed by saturated NaHCO3 
(aq.) and brine. On removal of the solvent, the title 
material was isolated by column chromatography on 
silica gel. Recrystallization from ethanol gave liquid 
crystal (3a) in 83% yield; [~]25I) - 7 0 . 0  ~ ((c 1.07, 
CHC13), > 95% ee); tI-I N M R  (CDC13): ~ 0.89 (3 H, t, 
Jn,H = 6.6 Hz), 1.22-1.57 (14 H, m), 1.76-1.87 (2 H, 
m), 2.40-2.71 (4 H, m), 4.01 (2 H, t, JH,H = 6.5 HZ), 4.96 
(1 H, dt, Ji~,~ -- 4.0, 7.0 Hz), 5.94 (1 H, dq, JH,H = 
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4.0 Hz, JH,F ~--7.0 Uz), 7.00 (2 H, d, JH,I-I = 8.8 Hz), 
7.56 (2H, d, JH,H=8.SHz), 7.66 (2H, d, JH.H= 
8.5Hz), 8.08 (2H, d, JH,n=8.5Hz);  19FNMR 
(CDC13): ~ 88.6 (d, Jv,~ = 6.9 Hz); i.r. (cm-~): 1800, 
1745 (C=O). Analysis: Calculated for C29H3sOsF3; 
C, 66.95; H, 6.78%. Found: C, 66.74; H, 6.91%; high- 
resolution mass calculated for C29H35OsF3 (M +) 
520.2437, found 520.2469. 

(1 'S,5 R)-5-{ 1'-{ 1 '- E4"-(d ecyl oxy)bi p h enyl- 
4"-ca rbo nyl oxy]-2',2',2'- 
tr i f luoroethyl}}dihydro-2(3H)- 
furanone (3b) 
In the above reaction, 4'-(decyloxy)-biphenyl-4-car- 
boxylic acid chloride (0.78 g, 2.1 mmol), (I'S,5R)-5-[I'- 
(l ' -hydroxy-2' ,2 ' ,2 '-trifluoro-ethyl)]dihydro-2(3H)- 
furanone z~ (0.32 g, 1.7 mmol) and pyridine (2 ml) in 
toluene (5 ml) were used, and worked up similarly. 
Liquid crystal (3b) was obtained in 24% yield; [~]27D 
-31 .5  ~ ((c 1.01, CHC13), > 96% ee); i H N M R  

(CDCla): 8 0.89 (3 H, t, JH,H = 6.4 HZ), 1.20-1.59 
(14H, m), 1.76-1.87 (2 H, m), 2.09-2.27 (1 H, m), 
2.43-2.60 (3 H, m), 4.01 (2 H, t, JH,H = 6.5 Hz), 5.01 
(1 H, dt, JH,H = 3.5, 7.3 Hz), 5.71 (1 H, dq, JH,H = 
3.5 Hz, JH,F = 6.7 HZ), 7.00 (2 H, d, JH,H = 8.7 Hz), 
7.56 (2H, d, JH.H=8.7Hz), 7.67 (2H, d, 
JH,H =" 8.4 Hz), 8.12 (2 H, d, JH,tt = 8.5 Hz); i 9FNMR 
(CDC13): 8 88.8 (d, Jv,H = 6.8 Hz); i.r. (cm-1): 1780, 
1740 (C=O).  Analysis: Calculated for C29H35OsF3; 
C, 66.95; H, 6.78%. Found: C, 67.27; H, 6.49%; high- 
resolution mass calculated for C29H35OsF 3 (M +) 
520.2437, found 520.2408. 

furanone (ld) (0.24 g, 1.0 mmol) was used and worked 
up similarly, giving liquid crystal 3d) in 60% yield; 
[r -- 55.5 ~ ((c 1.03, CHC13, > 96% ee)); 1HNMR 
(CDC13): 6 0.85-0.95 (6 H, m), 1.23-1.59 (12 H, m), 
1.77-1.88 (2 H, m), 2.26 (1 H, dd, Jn,n = 4.4, 17.3 Hz), 
2.62-2.75 (1 H, m), 2.80 (2 H, dd, Jn,n = 9.3, 17.3 Hz), 
4.01 (2 H, t, JH,H = 6.5 Hz), 4.61 (1 H, d, Jn,n = 4.3, 
4.4 Hz), 5.82 (1 H, dq, Jn,n = 4.7 Hz, Jn,v = 6.9 Hz), 
7.00 (2 H, d, Ju,u = 8.8 Hz), 7.57 (2 H, d, Jn,n = 
8.7 Hz), 7.67 (2 H, d, Jn,n = 8.5 Hz), 8.08 (2 H, d, Jn,n = 
8.5 Hz); ~9FNMR (CDC13): 6 89 (d, JF,H = 6.9 Hz); i.r. 
(cm-i): 1790 (C=O). Analysis: Calculated for 
C29H35OsF3; C, 66.91; H, 6.78%. Found: C, 67.14, H, 
6.87%. 

(1 'S,3R,5S)-5-{ 1'-{ 1'-[4'"-(h exyl oxy) 
biphenyl--4"-carbonyloxy]-2',2',2'- 
tr i f luoroethyl}}-3-propyldihydro-2(3H)- 
furanone (3e) 
In the above reaction, (l'S,3R,5S)-5-[l'-(l'-hydroxy- 
2' ,2 ' ,2 ' - tr if luor oct hyl)] - 3 -p ropy ld ihydro-2(3H)-  
furanone (le) (0.23 g, 1.0 mmol) was used and worked 
up similarly, giving liquid crystal (3e); [(z]2SD -- 67.5 ~ 
((c 1.06, CHC13), > 95% ee); 1HNMR (CDC13); 8 0.92 
(3 H, t, Jn,n = 7.2 Hz), 0.95 (3 H, t, Jn,n = 7.0 Hz), 
1.28-1.59 (9 H, m), 1.73-1.92 (3 H, m), 2.10-2.25 (1 H, 
m), 2.59 2.78 (2 H, m), 4.01 (2 H, t, Jn,n = 6.6 Hz), 
4.92-4.98 (1 H, m), 5.88 (1H, dq. Jn ,n=4 .1  Hz, 
JH,F = 7.0 HZ), 7.00 (2 H, d, JH,H = 8.8 Uz), 7.56 (2 H, 
d, JH,H = 8.8 Hz), 7.66 (2 H, d, Jn,n = 8.5 Hz), 8.08 
(2 H, d, JH,H = 8.5 Hz); ~9FNMR (CDC13): 8 88.7 (d, 
Jv,n = 7.0 Hz). 

(1 'R,4R,5R)-5-{ 1'-{ 1'-[4'"-(d ecyl oxy)bi- 
phenyl-4"-carbonyloxy]-2',2',2'- 
tr i f luoroethyl}}-4-butyldihydro-2(3H)- 
furanone (3e) 
In the above reaction, (l'R,4R,5R)-5-[l'-(l'-hydroxy- 
2 ' , 2 ' , 2 ' - t r i f l u o r o e t h y l ) ] - 4 - b u t y l d i h y d r o - 2 ( 3 H ) -  
furanone (lc) [26] was used and worked up similarly, 
giving liquid crystal (3e) in 71% yield; [Ct]26D + 45.5 ~ 
((C 1.04, CHCI3), > 95% ee); 1HNMR (CDC13); 
8 0.82-0.99 (6 H, m), 1.18-1.58 (20 H, m), 1.76-1.87 
(2 H, m), 2.26 (1 H, dd, Ju,n = 4.3, 17.2 Hz), 2.62-2.77 
(1 H, m), 2.80 (2 H, dd, Jn,n = 9.3, 17.3 Hz), 4.61 (1 H, 
d, JH,H = 4.3, 4.3 Hz), 5.82 (1 H, dq, JH,H = 4.7 Hz, 
JH,F =" 6.8 Hz), 7.00 (2 H, d, JH,H : 8.8 Hz), 7.56 (2 H, 
d, Jn,n = 8.7 Hz), 7.67 (2 H, d, JH,H = 8.4 Hz), 8.08 
(2 H, d, Jn,n = 8.4 Hz); ~9FNMR (CDC13): 6 89 (d, 
JF,H = 6.9 Hz); i.r. (cm-1): 1790, 1740 (C=O). Analy- 
sis: Calculate for C33H43OsF3; C, 68.78; H, 7.52%. 
Found: C, 68.45; H, 7.83%; high-resolution mass cal- 
culated for Ca3H43OsF3 (M +) 576.3063, found 
576.3020. 

( 1 'S,4S,5S)-5-{ 1 '-{ 1 '-[4'"-h exyl oxy) b i p h e nyl- 
4"-carbonyloxy]-2',2',2'-trif luoroethyl} }-4- 
butyldihyd ro-2(3H)-fu ranone (3d) 
In the above reaction, (l'S,4S,5S)-5-[l'-(l'-hydroxy- 
2 ' , 2 ' , 2 ' - t r i f l uo roe thy l ) ] -4 -bu ty ld ihyd ro -2 (3H)_  

(1 'S,3R,5S)-5-{ 1'-{{ 1'- [4'"-decyloxy) 
biphenyl-4"-methylenoxy]-2',2',2'- 
tr i f luoro-ethyl}}-3-propyldihydro-2(3H)- 
furanone (3f) 
In the above reaction, (l'S,3R,5S)-5-[l'-(l'-hydroxy- 
2 ' ,2 ' ,2 ' - t r i f luoroethyl) ]  -3-pr opy ld ihydro-2(3H)-  
furanone (If) (0.23 g, 1.0 mmol) was used and worked 
up similarly, giving liquid crystal (3f); [~]25D -- 8.5 ~ 
((c 1.13, CHCI3), > 9 6 %  ee); i H N M R  (CDC13): 
8 0.83-098 (6 H, m), 1.19-1.56 (17 H, m), 1.72-2.01 
(4H, m), 2.55-2.76 (2H, m), 3.99 (2 H, t, Jn.n = 
6.5 Hz), 4.14 (1 H, dq, Jn,n = 2.2, 7.2 Hz), 4.67 (1 H, d, 
Jn,n = 10.8 Hz), 4.70-4.78 (1 H, m), 4.86 (1 H, d, 
Jn,n = 10.8 Hz), 6.96 (2 H, d, JH,H = 8.8 Hz), 7.34 (2 H, 
d, Jn,n = 8.2 Hz), 7.51 (2 H, d, Jn,n = 8.7 Hz), 7.55 
(2 H, d, Jn,n = 8.2 Hz); ~gFNMR (CDC13): 8 89.1 (d, 
JF,H = 7.1 Hz). 

(1 'S,5S)-5-{ 1 '-{ 1 '-[4'"-(d ecyl oxy)bi p h e n yl-4"'- 
met  hy le n oxy-]-2',2',2'-tr i f l  u o roe thy l  } }- 
dihydro-2(3H)-furanone (4a) 
To a solution of NaN (1.8 retool) in THF (3 ml), 
a solution of (l'S,5S)-5-[l'-(l'-hydroxy-2',2',2'-tri- 
fluoroethyl)]dihydro-2(3H)-furanone [26-28] (0.27 g, 
1.5 retool) in THF (3 ml) was added at 0 ~ and the 
whole was stirred for 30 rain at that temperature. Into 
a mixture solution, a solution of 4'-chloro-methyl-4- 
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(decyloxy)-biphenyl (0.57 g, 1.6 mmol) in THF (3 ml) 
and Me2SO (5 ml) was added at room temperature, 
and the whole was stirred for 20 h. After quenching 
with 1 N HC1, oily materials were extracted with die- 
thyl ether, and the extract was washed with brine. On 
removal of the solvent, liquid crystal (4a) was isolated 
by column chromatography on silica gel in 40% yield; 
1 H N M R  (CDC13): ~ 0.88 (3H, t, JH,~ = 6.4Hz), 
1.19-1.53 (14H, m), 1.75-1.86 (2 H, m), 2.18 2.31 
(1 H, m), 2.41-2.64 (3H, m), 3.99 (2H, t, JH,H = 
6.6 Hz), 4.19 (1 H, dq, JH.H = 2.1 Ju,v = 7.1 Hz), 4.70 
(1 H, d, Jn,n = 10.8 Hz), 4.77-4.82 (1 H, m), 4.87 (1 H, 
d, JH,H = 10.8 Hz), 6.96 (2 H, d, JH,H = 8.7 Hz), 7.35 
(2 H, d JH,H = 8.1 Hz), 7.51 (2 H, d, JH,n = 8.8 Hz), 
7.56 (2H, d, JH.H=8.1Hz)  (1H, m); 19FNMR 
(CDC13): ~ 89 (d, Jv,, = 7.2 Hz); i.r. (cm-1): 1780 
(C=O). Analysis: Calculated for C29H3704F3; C, 
68.76; H, 7.36%. Found: C, 68.45; H, 7.61%; high- 
resolution mass calculated for C29H3704F3 (M § 
506.2644, found 506.2672. 

(1' S,5 R)-5- { 1 '-{ 1 '-[4'"-(d ecyl oxy)bi phenyl-4"'- 
m e t h y l e n o x y ] - 2 ' , 2 ' , 2 ' - t r i f l  uo r o e t h y l } } -  
dihyd ro-2(3H)-fu ranone (4b) 
In the above reaction, (l 'S,5R)-5-[l'-(l '-hydroxy- 
2',2',2'-trifluoroethyl)]dihydro-2(3H)-furanone 
[26-281 (0.47 g, 2.6 mmol) and 4'-chloromethyl-4-(de- 
cyloxy)biphenyl (1.02 g, 2.8 mmol) were used, and then 
worked up similarly. Liquid crystal (4b) was isolated 
by column chromatography on silica gel in 9% yield; 
1 H N M R  (CDC13): ~ 0.88 (3H, t, JIq.H = 6.4Hz), 
1.18-1.54 (14H, m), 1.74-1.85 (2 H, m), 2.18-2.29 
(1 H, m), 2.39-2.69 (3 H, m), 3.99 (2 H, t, JH,H = 
6.5 Hz), 4.18 (1 H, dq, JH,H = 2.2 Hz, JH,F ~--- 7.1 Hz), 
4.69 (1 H, d, JH,H = 10.8 H), 4.71-4.80 (1 H, m), 4.86 
(1 H, d, JH,H = 10.8 Hz), 6.96 (2 H, d, JH,H = 8.8 Hz), 
7.35 (2H, d, JH,n=8.2Hz), 7.51 (2H, d, 
JH,n = 8.8 Hz), 7.55 (2 H, d, JH,H = 8.2 Hz); 19FNMR 
(CDC13): 8 89 (d, JF,H = 7.2Hz); i.r. (cm-1): 1780 
(C=O); high-resolution mass calculated for 
C29H3704F3 (M +) 506.2644, found 506.2641. 

(1'S,4S,5S)-5-{ 1 '-{ l ' - [4"-(decyloxy)biphenyl-  
4"'-m et h yl en oxy]-2'2'2'- t  rifl uo roet hyl } }-4- 
butyldihydro-2(3H)-furanone (4e) 
To a solution of Na i l  (1.3 mmol) in THF  (5 ml), 
a solution of (l'S,4S,5S)-5-[l'-(l'-hydroxy-2',2',2'-tri- 
fluoroethyl)]-4-butyldihydro-2(3H)-furanone (0.26 g, 
1.1 mmol) in THF  (3 ml) was added at 0 ~ and the 
whole was stirred for 30 rain at that temperature. Into 
the mixture solution, a solution of 4'-chloromethyl-4- 
decyloxybiphenyl in THF  (5 ml) and Me2SO (10 ml) 
was added at 0~ and the whole was stirred for 
30 min, and then was stirred for 24 h at 60 ~ After 
quenching with 1 N HC1, oily materials were extracted 
with diethyl ether, and the extract was washed with 
brine. On removal of the solvent, liquid crystal (4e) 
was isolated by column chromatography on silica gel 
in 39% yield; [~]26D --4.6 ~ (C, 1.01, CHC13); 
t H N M R  (CDC13); 8 0.80-0.98 (6H, m), 1.14-1.60 
(20 H, m) 1.74 1.86 (2 H, m), 2.13 (1 H, dd, Jn,n = 2.5, 
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17.2 Hz), 2.58-2.72 (1 H, m), 2.76 (1 H, dd, Jn,n = 9.5, 
17.3 Hz), 3.98 (2H, t, Jn,n = 6.5 Hz), 4.11 (1 H, dq, 
Jn.n = 2.4 Hz, JH,F = 7.2 Hz), 4.42 (1 H, dd, 
Jn,n = 2.4, 2.4 Hz), 4.63 (1 H, d, Jn,n = 10.7 Hz), 4.85 
(1 H, d, Jn,n = 10.6 Hz), 6.95 (2 H, d, Jn,n = 8.8 Hz), 
7.33 (2 H, d, Jn,n = 8.2 Hz), 7.50 (2 H, d, Ju.n = 
8.8Hz), 7.55 (2H, d, JH.H=8.2Hz);  19FNMR 
(CDCla): 8 88.9 (d, Jv,n = 7.1 Hz); i.r. (cm-X): 1790 
(C=O).  Analysis: Calculated for C33H4504F3; C, 
70.49; H, 8.07%. Found: C, 70.85; H, 7.81%; high- 
resolution mass calculated for C33H4504F a (M +) 
562.3270, found 562.3268. 

(1 'S,4S,5S)-5-{1 '-{1 '- [ 4"-(4""-(o cty I oxy) 
phenyl-4"'-ca rbonyloxy)phenyl-1 "- 
carbonyloxyl-2',2',2'-trifluoroethyl } }- 
4-butyldihyd ro-2(3H)-fu ranone (4d) 
(a) Esterification. 
A solution of 4-benzyloxybenzoic acid chloride 
(0.50 g, 2.0 mmol), (l'S,4S, hS)-5-El'(l'-hydroxy-2',2',2'- 
t r i f l uo roe thy l ) ] -4 -bu ty ld ihyd ro -2 (3H) - fu r anone  
[26-281 (0.32 g, 1.7 mmol) and pyridine (2 ml) in tol- 
uene (5 ml) was stirred for 16 h at room temperature. 
After quenching with 3 N HC1, oily materials were 
extracted with diethyl ether. On removal of the sol- 
vent, the benzyl ether was isolated in 84% yield by 
column chromatography. 

(b) Reduction. 
The reduction of the above obtained ester with 10% 
Pd-C (0.1 g) in a solution of ethanol (5 ml) and toluene 
(5 ml) under an atmosphere of hydrogen, was carried 
out for 27 h at room temperature. After filtering the 
catalyst, the solvent was removed. The crude alcohol 
was isolated in 94% yield by column chromatogra- 
phy. 

(c) Liquid crystal (4d). 
To a solution on the above obtained crude alcohol 
(0.31 g, 1.0 mmol) and 4-octyloxybenzoic acid chloride 
(1.2 mmol) in toluene (5 ml), pyridine (2 ml) was added 
and then the whole was stirred for 15 h at room 
temperature. After quenching with 3 N HC1, oily ma- 
terials were extracted with diethyl ether and the ex- 
tract was washed with saturated NaHCO3 and brine. 
On removal of the solvent, liquid crystal (4d) was 
isolated by column chromatography on silica. [~]24D 
-- 30.0 ~ (c 1.00, CHC13); a H N M R  (CDC13): 

0.80-0.95 (6 H, m), 1.10-1.58 (16 H, m), 1.77-1.92 
(2 H, m), 2.27 (1 H, dd, JH,H = 4.6, 17.4 Hz), 2.58-2.72 
(1 H, m), 2.79 (1 H, dd, Jn,n = 9.3, 17.4 Hz), 4.05 (2 H, 
t, JH.H = 6.5 Hz), 4.60 (1 H, dd, JH,H = 4.4, 4.5 Hz), 
5.80 (1 H, dq, JH,H = 4.8 Hz, JH,F ~- 6.8 Hz ) ,  6.99 (2 H, 
d, JH,H=8.9Hz),  7.36 (2H, d, JH,H=8.SHz),  
8.10--8.17 (4H, m); 19FNMR (CDC13): 8 89.0 (d, 
JH,F = 6.8 Hz); (i.r. (cm-1): 1790, 1760, 1745 (C=O); 
high-resolution mass calculated for C32H39OvF3 
(M +) 592.2648, found 592.2610. 



(1' S,4S,5 S)-5- { 1'-{ 1'- [4"-(4""-(octyl oxy)tet ra- 
f luorophenyl-4"-carbonyloxy)phenyl- l " -  
carbonyloxy]-2',2',2'-tr i f luoroethyl}}- 
4-butyldihydro-2(3H)-fu ranone (4e) 
In the above reaction, 4-(octyloxy)tetrafluorobenzoic 
acid chloride (1.2 mmol) and the above obtained crude 
alcohol (1.0 mmol were used, and worked up similarly 
to give liquid crystal (4e). [~]24D --19.4 ~ (c 1.05, 
CHC13); ~HNMR (CDC13); ~ 0.80-0.98 (6H, m), 
1.15-1.56 (16 H, m), 1.62-1.89 (2 H, m), 2.27 (1 H, dd, 
Jn,n = 4.5, 17.3 Hz), 2.59-2.72 (1 H, m), 2.76 (1 H, dd, 
Ju,n = 9.3, 17.3 Hz), 4.39 (2 H, t, JH,n = 6.5 Hz), 4.60 
(1 H, dd, J~,H = 4.4, 4.4 Hz), 5.80 (1 H, dq, JH,~ = 
4.7 Hz, JH,v = 6.8 Hz), 7.41 (2 H, d, JH,H = 8.8 Hz). 
8,15 (2 H, d, J , , .  = 8.8 Hz); ~9FNMR (CDC13): 589.0 
(d, Jv,, = 6.8 Hz), 23.9 (2 F, m), 6.23 (2 F, m); i.r. 
(cm- 1): 1790, 1765, 1745 (C=O); high-resolution mass 
calculated for C32H35OTF7 (M +) 664.2271, found 
664.2279. 

(1 'S,4 S,5 S)- 5- { 1'-{ 1'- E4"-(4" ' - (octy l  oxy)  
p h enyl -  4" '-cyc I o h exyl-  1 "-ca rbo nyl oxy ] -  
2',2',2'-trifluoroethyl } }-4-butyldihydro-2(3H)- 
furanone (4f) 
In the above reaction, 4'-(octyloxy)-phenyl-4- 
cyclohexylic acid chloride (1.2 mmol) and (I'S,4S,5S)- 
5-[l '-(l '-hydroxy-2',2',2'-trifluoroethyl)]-4-butyl- 
dihydro-2(3H)-furanone (ld) (1.0mmol) were used, 
and worked up similarly to give liquid crystal (4t). 
[~]26D - -  11.5 ~ (c 1.04, CHC13): 1HNMR (CDC13): 

0.83 0.96 (6 H, m), 1.17-1.83 (22 H, m), 1.92-2.18 
(2 H, m), 2.26 (1 H, dd, J , , ,  = 4.7, 7.8 Hz), 2.40-2.67 
(3 H, m), 2.78 (1 H, dd, Y.,. = 9.4, 17.7 Hz), 3.92 (2 H, 
t, JH,H = 6.5 Hz), 4.50 (1 H, dd, Ju,H = 4.1, 4.2 Hz), 
5.60 (1 H, dq, JH,H = 4.2 Hz, Jn,v = 7.1 Hz), 6.83 (2 H, 
d, JH,H = 8.6Hz), 7 .09  (2H,d, Jn.H = 8.6Hz); 
19FNMR (CDC13): 8 89.0 (d, JF,H =7.0Hz); i.r. 
(cm-i): 1790, 1765, 1745 (C=O). 

(1 'R,2R,3R)-2-{1 '-{1 '-[4"'-(h exyloxy) bi p h e nyl- 
4"-carboxyJ-2',2',2'-trifluoroethyl } }-3-butyl- 
tetrahydrofuran (Sa). 
To a solution of(l'R,2R,3R)-2-([l'-(l'-hydroxy-2',2',2'- 
trifluoroethyl)]-3-butyltetrahydrofuran (2e) (0.34g, 
1.5retool) and 4'-(hexyloxy)-biphenyl-4-carboxylic 
acid chloride (0.57 g, 1.8 mmol) in toluene (5 ml), py- 
ridine (1 ml) was added and the whole was stirred for 
18 h at room temperature. After quenching with 3 N 
HCI, oily materials were extracted with diethyl ether 
and the extract was washed with saturated NaHCO3 
and brine. On removal of the solvent, liquid crystal 
(Sa) was isolated in 70% yield by column chromatog- 
raphy on silica gel; [~]26D + 23.2 ~ ((c 1.05, CHC13), 
>96% ee); 1HNMR (CDC13): 8 0.83 (3H, t, 

JH,n = 6.9 Hz), 0.92 (3 H, t, JH,H = 7.3 Hz), 1.18-1.70 
(14H, m), 1.76-1.89 (2 H, m), 2.03-2.18 (1 H, m), 
2.22-2.36 (1 H, m), 3.83-3.91 (2 H, m), 3.97-4.08 (1 H, 
m), 4.01 (2H, t, JH,H = 6.5Hz), 5.62 (3H, dq, 
Jn,R = 6.5 Hz, JH,F = 7.0 Hz), 6.99 (2 H, d, 
Jn,n = 8.7 Hz), 7.57 (2 H, d, JHm = 8.8 Hz), 7.66 (2 H, 

d, Jn,n = 8.5 Hz), 8.11 (2 H, d, Jn,Iq = 8.5 Hz); 
13CNMR (CDC1) ~ 13.65, 13.97, 22.49, 25.66, 29.14, 
30.21, 31.52, 32.36, 33.65, 41.23, 68.07, 68.23, 70.79 (d, 
J = 30.4 Hz), 80.66, 114.92, 123.29 (q, J = 282.2 Hz)i 
126.32, 126.57, 128.30, 130.52, 131.71, 146.27, 159.60, 
164.50; 19FNMR (CDC13): ~ 88.8 (d, JF,H = 7.1 Hz); 
i.r. (cm-1): 1740 (C=O). Analysis: Calculated for 

�9 C29H3704F3; C, 68.80; H, 7.37%. Found: C, 68.61; H, 
7.09%. 

( l 'R,2S,3S)-2-{ l ' - { l ' - [4"-(hexyloxy)biphenyl- 
4"-carboxy]-2',2',2'-trifluoroethyl } }-3-butyl- 
tetrahydrofuran (5b) 
In the above reaction, (l'R,2S,3S)-2-[l'-hydroxy- 
2',2',2'-trifluoroethyl)]-3-butyltetrahydrofuran (2e) 
(0.37 g, 1.6 mmol) was used, and worked up similarly, 
affording liquid crystal (5b) in 82% yield; [0~]2VD 
+ 75.0 ~ ((c 1.08, CHC13), > 95% ee); 1HNMR 

(CDC13): ~ 0.84-1.02 (6 H, m), 1.21-1.70 (13 H, m), 
1.75-1.89 (2 H, m), 1.97-2.17 (2 H, m), 3.80-4.08 (3 H, 
m), 4.01 (2H, t, JH,H = 6.5Hz), 5:59 (3H, dq, 
JH,n = 2.9 Hz, Jn,F = 7.3 HZ), 6.99 (2 H, d, 
JH.n = 8.8 Hz), 7.56 (2 H, d, JH,n = 8.7 Hz), 7.66 (2 H, 
d, JU,H=8.6Hz), 8.16 (2H, d, JH,H=8.6Hz); 
13CNMR (CDC1): S 13.69, 13.97, 22.55, 22.61, 25.66, 
29.15, 30.21, 31.53, 32.31, 32.53, 41.18, 68.06, 68.84, 
80.36, 114.92, 123.42 (q, J = 283.1 Hz), 126.33, 126.57, 
128.30 130.67, 131.75, 146.27, 159.58, 164.97; 
19F NMR (CDC13): 8 88 (d, JF,H = 7.3 Hz); i.r. (cm-1): 
1730 (C=O). Analysis: Calculated for C29H37OgF3; 
C, 68.80; H, 7.37%. Found: C, 68.57; H, 7.60%; high- 
resolution mass calculated for C29H37OgF3 (M +) 
506.2644, found 506.2641. 

( l 'R,2R,3R)-2-{ l ' -{ l ' - [4"-(hexyloxy)biphenyl- 
4"-methylenoxy],2',2',2'-trifluoroethyl} }-3- 
butyltetrahydrofuran (6a) 
To a solution of NaN (dry powder, 1.8 retool) in THF 
(5 ml), a solution of (l'R,2R,3R)-2-[l'-(l'-hydroxy- 
2',2',2'-trifluoroethyl)]-3-butyl-tetrahydrofuran (2e) 
(0.34 g, 1.5 mmol) in THF (3 ml) was added at 0~ 
under a nitrogen atmosphere and the whole was stir- 
red for 30 rain at that temperature. To the above 
solution, a solution of 4'-chloromethyl-4-(hexyloxy)bi- 
phenyl (0.55 g, 1.8 mmol) in THF (5 ml) and Me2SO 
(5 ml) was added and the whole was stirred for five 
days at room temperature. After quenching with 1 N 
HC1, oily materials were extracted with diethyl ether, 
and the extract was washed with brine. On removal of 
the solvent, liquid crystal (6a) was isolated by column 
chromatography on silica gel in 93% yield; [~]2sD 
-11.8 ~ ((c 1.08, CHC13), >96% ee); tHNMR 

(CDC13): 8 0.80-0.99 (6 H, m), 1.18-1.65 (13 H, m), 
1.76-1.88 (2 H, m), 1.98-2.16 (1 H, m), 2.27-2.42 (1 H, 
m), 3.78-3.95 (4 H, m), 3.99 (2 H, t, JH.H = 6.6 Hz), 4.68 
(1 H, d, JH.H = 11.1 Hz), 4.86 (1 H, d, JHm = 11.1 Hz), 
6.96 (2H, d, JH.H=8.8Hz), 7.38 (2H, d, JR.H= 
8.2Hz), 7.51 (2H, d, JH.H=8-6Hz), 7.54 (2H, d, 
JH,n= 7.gHz); laCNMR (CDC1): 5 14.02, 22.63, 
25.75, 29.26, 30.28, 31.61, 32.73, 33.77, 39.92, 68.05, 
75.43, 79.22 (q, J = 27.5 Hz), 82.22, 114.77, 124.77 (q, 
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J = 285 Hz); 126.65, 128.01, 128.64, 131.57, 132.95, 
135.28, 140.75, 158.85; 19FNMR (CDC13): 8 88.9 (d, 
JF,H = 7.1 Hz); i.r. (cm-1): 1610, 1505. Analysis: Cal- 
culated for C 2 9 H 3 9 0 3 F 3 ;  C ,  70.76; H, 7.99%. Found: 
C, 71.13; H, 8.24%. 

(1 'R,2S,3S)-2-{1 '- { 1'- [4"'-(h exyl oxy)bi p h e nyl- 
4"-m et hyle noxy)-2',2',2'-trifl uo roet hyl }}-3- 
butyltetra hyd rofu ran (6b) 
In the above reaction, (l'R,2S,3S)-2-El'-(l'-hydroxy- 
2',2',2'-trifluoroethyl)]-3-butyltetrahydrofuran (2e) 
(0.37 g, 1.6 mmol) was used, and worked up similarly, 
affording liquid crystal (6b) in 88% yield; [a]25o 
+44.7 ~ ((c 1.03, CHC13), >95% ee); 1HNMR 

(CDC13): ~ 0.79 (3 H, t JH,H = 6.8 Hz), 0.91 (3 H, t, 
JH,H = 6.9 HZ), 1.01-1.62 (13 H, m), 1.74-1.87 (2 H, 
m), 1.94-2.12 (2 H, m), 3.65-3.75 (2 H, m), 3.83 3.92 
(2 H, m), 4.00 (2 H, t, JH.n = 6.6 Hz), 4.63 (1 H, d, 
JH,H = 11.7 Hz), 4.96 (1 H, d, JH,H = 11.7 Hz), 6.97 
(2 H, d, JH,H = 8.8 HZ), 7.40 (2 H, d, JH,H = 8.2 Hz), 
7.51 (2H, d, Jn,n = 8.7 Hz), 7.56 (2H, d, JH,H = 
8.3 Hz); ' 3CNMR (CDC1): ~ 13.69, 13.99, 22.56, 22.71, 
25.68, 29.19, 30.39, 31.54, 32.32, 32.40, 40.47, 68.03, 
68.68, 74.28, 81.32, 114.75, 126.68, 127.96, 129.34, 
132.74, 134.57, 141.00, 158.85; *9FNMR (CDCI3): 

90.1 (d, JF.H = 7.1 Hz); i.r. (cm- 1): 1610, 1505. Analy- 
sis: Calculated for C 2 9 H 3 9 0 3 F 3 ;  C ,  70.76; H, 7.99%. 
Found: C, 70.53; H, 7.74%. 

(1 'S,2S,4R)-2-{1 '-{ 1'- E4"'-(h exyl oxy)bi p h e nyl- 
4"-carbonyloxy)-2',2',2'-trifluoroethyl }-4- 
propyltetra hydrofu ran (7a) 
Into a solution of 4'-(hexyloxy)biphenyl-4-carboxylic 
acid chloride (0.31 g, 1.0 retool) and (I'S,2S,4R)-2-[I'- 
(l'-hydroxy-2',2',2'-trifluoroethyl)]-4-propyl tetrahyd- 
rofuran (0.18 g, 0.8 retool) in toluene (5 ml), pyridine 
(2 ml) was added and the whole stirred for 14 h at 
room temperature. After quenching with 3 N HC1, oily 
materials were extracted with diethyl ether. The ex- 
tract was washed by saturated NaHCO3 (aq) and 
brine. On removal of the solvent, the title material was 
isolated by column chromatography on silica gel. 
Recrystallization from ethanol gave liquid crystal (7a) 
in 41% yield; [(~"]26D --  42.2 ~ ((c 0.79, CHC13), > 94% 
ee); t H N M R  (CDC13): 6 0.81-0.97 (6 H, m), 1.20-1.57 
(10 H, m), 1.65-1.79 (3 H, In), 2.18-2.33 (2 H, m) 3.38 
(1 H, dd, JH,H = 6.8, 8.3 HZ), 3.95-4.01 (1 H, m), 4.01 
(2H, t, JH,H = 6.6Hz), 4.45 (1 H dt, Jn,n =4.7, 
7.9 Hz), 5.71 (1 H, dq, Jn,n = 4.7 Hz, Jn,F ---- 7.2 Hz), 
7.00 (2H, d, Jn,H=8.8Hz), 7.57 (2H, d, 
JH,n = 8.7 Hz), 7.66 (2 H, d JI~,H = 8.5 Hz), 8.11 (2 H, 
d, Jn,H = 8.4 Hz); t3CNMR (CDC1): 6 13.97, 14.04, 
21.45, 22.55, 25.66, 29.14, 31.52, 33.26, 34.90, 38.68, 
68.07, 70.54 (q, J = 30.1 Hz), 74.00, 75.17, 114.92, 
123.19, (q, J=282.2Hz) ,  126.45, 126.57, 128.30, 
130.74, 146.23, 159.59, 164.45; 19FNMR (CDC13): 

88.5 (d, Jvm = 7.2 Hz); i.r. (cm 1): 1740 (C=O). 
Analysis: Calculated for Cz9H35OsF3; C, 68.28; H, 
7.16%. Found: C, 66.74; H, 6.91%. 

(1' S,2 R,4S)-2- { 1 '-{ 1'-[4"'-(h exyl oxy)bi p h e nyl- 
4"-carbonyloxy]-2',2',2'-trifluoroethyl }-4- 
propyltetrahydrofuran (7b) 
In the above reaction, 4'-(hexyloxy)biphenyl-4-car- 
boxylic acid chloride (0.34 g, 1.1 retool) and (1'S,2R, 
4S)-2-[l'-(l'-hydroxy-2',2',2'-trifluoroethyl)]-4-propyl 
tetrahydrofuran (0.19g, 0.9mmol) were used, and 
then working up similarly. Liquid crystal (7b) was 
obtained in 50% yield; [(~]25D - - 6 4 . 4  ~ ((c 1.02, 
CHC13), > 96% ee); *HNMR (CDC13): 8 0.82-1.01 
(6 H, m), 1.22-1.56 (10 H, m), 1.73-1.83 (3 H, m), 
1.97-2.33 (2 H, m), 3.45 (1 H, dd, JH.H = 6.6, 8.3 HZ), 
3.95-4.08 (1 H, m), 4.01 (2H, t, JH,n = 6.5 HZ), 4.44 
(1 H, dt, JH,H = 5.7, 7.6 Hz), 5.52 (1 H, dq, Ji~,~ = 
5.4 Hz, JH,F = 7.1 Hz), 6.99 (2 H, d, JH,H = 8.7 HZ), 
7.56 (2H, d, JH,n=8.7Hz), 7.65 (2H, d, 
JH.n = 8.4 Hz), 8.15 (2 H, d, JH,H = 8.3 Hz); 13CNMR 
(CDC1): 6 13.98, 21.35, 22.55, 25.66, 29.15, 31.53, 34.67, 
35.11, 38.62, 68.06, 71.34 (q, J = 30.3 Hz), 74.01, 74.63, 
114.91, 123.22 (q, J=281.6Hz) ,  126.46, 126.53, 
128.30, 130.63, 131.61, 146.16, 159.56, 164.94; 
19FNMR (CDC13): ~ 89.1 (d, Jv,n =7.0Hz; i.r. 
(cm-1): 1735 (C-O).  High-resolution mass calculated 
for C2sH3sOgF 3 (M +) 492.2488, found 492.2474. 

References 
1. R.B. MEYER, L. LIEBERT, L. STRZELECKI  and P. KEL- 

LER, J. Phys. (Paris) 36 (1975) L69. 
2. N.A.  CLARK and S. T. LAGERWALL,  Appl. Phys. Lett. 36 

(1980) 899. 
3. J .W.  GOODBY,  R. BLINC, N. A. CLARK, S. T. LAGER- 

WALL, M. A. OSIPOV, S. A. PIKIN,  T. SAKURAI,  K. 
Y O S H I N O and B. Z E K S, ~ oelectric liquid crystals" (Gor- 
don and Breach Science Publishers, New York, USA, 1990). 

4. A. D. L. CHANDANI ,  Y. OUCHI ,  H. TAKEZOE and A. 
F U K U D A ,  "Dynamic behavior of macromolecules, colloids, 
liquid crystals and biological systems by optical and electro- 
optical methods" (Hirokawa Publishing Company,  Tokyo, 
1988). 

5. D .M.  WALBA, M. B. ROS, N. A. CLARK, R. SHAO, M. G. 
ROBINSON,  J.-Y. LIU, K. M. J O H N S O N  and D. 
DOROSKI ,  J. Am. Chem. Soe. 113 (1991) 5471. 

6. A. D. L. CHANDANI ,  Y. OUCHI,  H. TAKEZOE and A. 
F U K U D A ,  Yap. J. Appl. Phys. 27 (1988) L276, L279. 

7. M. KODEN,  T. KURATAKE,  F. FUNADA,  A. AWANE, K. 
SAKAGUCHI  and Y. SHIOMI,  Mol. Cryst. Liq.. Cryst. Lett. 
7 (1990) 79. 

8. M. KODEN,  Y. SHIOMI,  K. NAKAGAWA,  F. FUNADA,  
K. AWANE, T. YAMAZAKI and T. KITAZUME,  Jap. J. 
Appl. Phys. 30 (1991) L1300. 

9. K. YOSHINO,  M. OZAKI,  H. TANIGUCHI ,  M. ITO, K. 
SATOH, N. YAMAZAKI and T. KITAZUME,  Jap. J. Appl. 
Phys. 26 (1987) L77. 

10. K. YOSHINO,  M. OZAKI,  M. ITO, H. TANIGUCH I ,  K. 
SATOH, N, YAMAZAKI  and T. KITAZUME,  Chem. Ex- 
press 2 (1987) 53. 

11. M. JOHNO,  K. ITOH, J. LEE, Y. OUCHI ,  H. TAKEZOE,  
A. F U K U D A  and T. KITAZUME,  Jap. J. Appl. Phys. 29 
(1990) L107, 

12. Y. SUZUKI,  T. HAGIWARA,  I. KAWAMURA,  N. 
OKAMURA,  T. KITAZUME,  M. K A K I M O T O ,  Y. IMAI, 
Y. OUCHI ,  H. TAKEZOE and A. F U K U D A ,  Liquid Crystal 
6 (1989) 167. 

13. T. KITAZUME, T. OHNOGIandK. ITO, J. Am.,Chem. Soc. 
112 (1990) 6608. 

14. S. WATANABE, T. FUJITA,  M. SAKAMOTO,  N. IKEDA, 
T. K I T A Z U M E  andT.  YAMAZAKI,  Chemistry & Industry 15 
(1992) 575. 

5208 



15. Y. AOKI and H. NOHIRA,  Chem. Lett. (1993) 113 and refer- 
ences cited therein. 

16. T. K U S U M O T O ,  A. NAKAYAMA, K. SATO, T. HIYAMA, 
S. TAKEHIRA,  T. SHOJI,  M. OSAWA, T. KURIYAMA,  K. 
N A K A M U R A  and T. FUJISAWA, Tetrahedron Lett. 32 
(1991) 939 and references cited therein. 

17. T. K U S U M O T O ,  A. NAKAYAMA, K. SATO, K. NISH- 
IDE, T. HIYAMA, S. TAKEHIRA,  T. SHOJI,  M. OSAWA, 
T. KURIYAMA,  K. N A K A M U R A  and T. FUJISAWA, J. 
Chem. Soc. Chem. Commun. (1991) 311. 

18. K. SAKAGUCHI ,  Y. SHIOMI,  T. KITAMURA,  Y. 
TAKEHIRA,  M. KODEN,  T. KUR AT AT E  and K. 
NAKAGAWA,  Chem. Lett. (1991) 1109. 

19. K. SAKAGUCHI ,  T. KITAMURA,  Y. SHIOMI,  M. 
KODEN and T. KURATATE,  Chem. Lett. (1991) 1383. 

20. G. SCHEROWSKY,  J. GAY and M. GUNAR AT NE,  Liquid 
Crystals 11 (1992) 745. 

21. T. K U S U M O T O ,  K. SATO, T. HIYAMA, S. TAKEHIRA,  
M. OSAWA. K. N A K A M U R A  and T. FUJISAWA, Chem. 
Lett. (1991) 1623. 

22. K. SAKASHITA, T. I K E M O T O ,  Y. NAKAOKA,  F. 
TERADA, Y. SAKO, Y. KAGEYAMA and K. MORI,  Liquid 
Crystals 13 (1993) 71 and references cited therein. 

23. T. K U S U M O T O ,  K. SATO, K. OGINO,  T. HIYAMA, S. 
TAKEHIRA,  M. OSAWA and K. N A K A M U R A ,  ibid. 14, 
(1993) 727. 

24. J.W. GOODBY, E. CHIN, T. M. LESLIE, J. M. GEAR Yan d  
J. S. PAYEE, J. Am. Chem. Soe. 108 (1986) 4729. 

25. J .W.  GOODBY,  E. CHIN, ibid. 108 (1986) 4736. 
26. T. YAMAZAKI,  K. MIZUTANI ,  M. TAKEDA and T. 

KITAZUME,  J. Chem. Soc. Chem. Commun. (1992) 55. 
27. T. YAMAZAKI,  K. M I Z U T A N I  and T. KITAZUME,  Tet- 

rahedron: Asymmetry, 4 (1993) 1059. 
28. T. YAMAZAKI,  K. MIZUTANI ,  and Y. KITAZUME,  J. 

Org. Chem. 58 (1993) 4346. 
29. K. ISHIKAWA, K. HASHIMOTO,  H. TAKEZOE,  A. 

F U K U D A  and E. KUZE,  Jap. J. Appl. Phys. 23 (1984) L211. 
30 K. MIYASATO, S. ABE, H. TAKEZOE and A. F U K U D A ,  

ibid. 22 (t983) L661. 
31. Calculations were performed by M O P A C  v. 6.10 (PM 3) 

included in CAChe Worksystem (SONY/Tektronix Corpora- 
tion) for the conformers obtained from the rigid search method 
with the key word "PERCISE" and the eigenvect0r following 
minimization (EF) method,  final gradient norm being less than 
0.01 kcal A. 

32. S. HANESSIAN and P. J. MURRAY, J. Org. Chem. 52 (1987) 
1170. 

Received 22 July 1994 
and accepted 11 May 1995 

5209 


