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New liquid-crystalline biphenyl carboxylates with an achiral swallow-tail derived from 13-dialkoxy-2- 
propanol [(ROCH玦CHOH] where R is methyl, ethyl, propyl, butyl, CH2CF3, and CH2CF2CF3 were prepared. 
These achiral liquid crystals having 13 -dialkoxy-2-propyl moieties exhibit diverse phase sequences [I-SmA- 
(SmC)-(SmCalt)-Cr] depending on the substituent R group of the swallow-taiL The compounds carrying a 
fluorinated swallow-tail exhibit antiferroelectric-like smectic C phases, and their temperature ranges are 
broader than the corresponding non-fluorinated swallow-tailed ones.
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Introduction

Ferroelecricity1 and antiferroelectricity2 in liquid crystals 
were usually observed in the chiral molecules. However, 
achiral swallow-tailed compounds have been demon마rated 
to display 4 antiferroelectric-like, phase, so-called SmCalt 
phase and can be used as a host component of antiferro­
electric mixture? Achiral bent-core mesogens can also form 
polar smectic layers and exhibit ferroelectric and antiferro­
electric behaviors/ As the basic difference between the 
ferroelectric and antiferroelectric orderings is the tilting 
direction between adjacent smectic layers, the interlayer 
interaction plays a key role in determining the clinicity Thus 
the structure of the peripheral part existing near the 
interfeces between the smectic layers gave a significant and 
sensitive effect on the interlayer interaction. For example, 
while 1-propylbutyl swallow-tailed biphenyl carboxylate A 
exibits antiferroelectric ordering, the related ring-tailed 
compounds show ferroelectric ordering?15 Moreover, the 
odd-even effect of the peripheral alkyl chain was observed in 
the achiral non-branched rod-shaped liquid crystals3 and in 
the banana shaped mesogens with chiral terminal chains/ It 
is important to investigate the relationship between chemical 
structure and mesomorphic properties for a series of liquid 
crystals with a systematic structural variation. However, in 
all the achiral or chiral7 swallow-tailed compounds, the 
variation of swallow-tailed moieties has been limited to 
branched alkyl groups derived from alcohols [(RCHzCH?)?- 
CHOH] where Ris a simple alkyL However, replacement of 
two methylene groups with oxygen atoms produces alcohols 
[(ROCH2)2CHOH] where structural variation of R is 
practically easier from the synthetic point of view. The 
substituent R can be varied from simple alkyl groups (Me, 
Et, Pr? and Bu) and even to fluorinated alkyl chains such as 

CH2CF3 and CH2CF2CF& In this regard, we report herein the 
synthesis of new achiral swallow-tailed compounds derived 
from 1 ?3-dialkoxy-2-propanols and the investigations of 
their mesomorphic properties.

Experimental Section

ijLNMR spectra were recorded on Varian Gemini-200 
(200 MHz) and Varian Inova (500 MHz) spectrometer using 
chloroform as an internal standard. The latter instrument was 
also used for recording 13C NMR spectra in CDCI3 (solvent 
and internal reference). Elemental analyses were performed 
at the National Center for Inter-University Research Facilities, 
Seoul National University. Phase transition temperature and 
phase appearance of final products were measured using 
polarizing microscope (Olympus BH-2) with a hot stage and 
a controller (Mettler FP-800-HT heating stage). Transition 
temperature and enthalpy were determined by differential 
scanning calorimetry (DSC) using a Perkin-Elmer DSC-7 
calorimeter Debenzylation of benzyl ethers to the corre­
sponding alcohols and phenols were carried out in the Pan­
hydrogenation reactor (Parr 3916EKX).

Preparation of 13-dialkoxy-2-propanols 3. To the 
sodium methoxide solution prepared from a freshly distilled 
methanol (47 mL) and metallic sodium (8.8 g, 038 mol) was 
added epichlorohydrin (1, 17.6 g, 0.19 mol). The mixture 
was refluxed for 24 h under an argon atmosphere. The 
methanol was evaporated and the residue was distilled under 
reduced pressure [bp, 78-8TC/20 mmHg] to give 9.80 g 
(43%) of l?3-dimethoxy-2-propanol (3a). Compounds 3b-3f 
were similarly prepared in 77, 70, 56, 85, and 95% yields, 
respectively

3a: 0 NMR 52.25 (br s), 3.31 (s, 6H), 334-3.44 (m, 4H), 
3.87-3.99 (m, 1H). 3b: bp, 98-101 °C/ 20 mmHg NMR 5 



New Swallow-tailed Liquid Crystals Bull. Korean Chem. Soc. 2006, Vol. 27, No. 9 1365

L12 (t, 6H? J= 7.0 Hz), 2.81 (s, 1H)? 331-3.50 (m, 8H), 
3.83-3.89 (m, 1H). 3c: bp, 65-67 °C/9 mmHg JH NMR S 
0.89 (t, 6H, J= 7.2 Hz), L48-L62 (m, 4H), 2.15 (br s), 337­
3.60 (m, 8H), 3.89-3.95 (m, 1H). 3d: bp, 85-88 °C/9 mmHg 
JH NMR S0.87 (t, 6H, J= 7.2 Hz), 122-1.40 (m, 4H), 1.42- 
L59 (m, 4H), 237 (br s), 3.34-3.62 (m, 8H), 3.84-3.92 (m, 
1H). 3e: bp, 42-45 °C/9 mmHg JH NMR S2.37 (br s), 3.65­
3.97 (m, 5H), 3.87 (q, 4H, J= 8.8 Hz). 3f: bp, 62-64 °C/9 
mmHg JH NMR S2.24 (br s), 3.68 (d, 4H, J= 4.4 Hz), 3.96 
(t, 4H, J= 13.0 Hz), 3.90-3.98 (m, 1H).

Preparation of 13-dialkoxy-2-propyl 4-benzyloxy- 
benzoates 5. To a solution of 1 ?3-dimethoxy-2-propanol 
(3a, L63 g, 13.6 mmol) in CH2O2 (40 mL) was added 
1 ?3-dicyclohexylcarbodiimide (DCC, 3.07 g, 14.9 mmol), 
4-dimethylaminopyridine (DMAR L82 g, 14.9 mmol) and 
4-benzyloxybenzoic acid (4, 2.80 g, 124 mmol). The mix­
ture was stirred at room temperature overnight. After 
filtration to remove precipitated materials, the filtrate was 
washed with 5% aq acetic acid (20 mL), 5% aq sodium 
hydroxide (20 mL) and water, and then dried over N电SO4. 
After evaporation of the solvent the crude product was 
chromatographed on silica gel (hexanes/ether 1 : l?Rf= 0.8) 
to afford 3.78 g (93%) of 5a, Compounds 5b-5f were 
similarly prepared in 63, 62, 60, 86, and 97% yields, respec­
tively

5a: iHNMR S3.38 (s, 6H), 3.65 (d, 4H, J= 5.1 Hz), 5.11 
(s, 2H), 534 (quin, 1H? J= 5.1 Hz), 6.94-8.03 (m, 9H). 5b: 
JH NMR S L17 (t, 6H, J= 7.0 Hz), 3.49-3.59 (m, 4H), 3.69 
(d, 4H, J= 5.1 Hz), 5.11 (s, 2H), 530 (quin, 1H? J= 5.1 Hz),
6.94- 8.03 (m, 9H). 5c: JH NMR S0.97 (t, 6H, J= 7.0 Hz), 
L61 (sext, 4H, J= 73 Hz), 337-3.48 (m, 4H), 3.68 (d, 4H, J 
=5.1 Hz), 5.11 (s, 2H), 532 (quin, 1H? J= 5.1 Hz), 6.94­
8.03 (m, 9H). 5d: JH NMR S0.87 (t, 6H, J= 7.0 Hz), 130- 
L40 (m, 4H), L41-L58 (m, 4H), 3.40-3.55 (m, 4H), 3.66 (d, 
4H, J= 5.1 Hz), 5.11 (s, 2H), 5.29 (quin, 1H? J= 5.1 Hz),
6.94- 8.02 (m, 9H). 5e: JH NMR S3.80-3.97 (m, 8H), 5.12 
(s, 2H), 5.29 (quin, 1H? J= 5.1 Hz), 6.97-8.03 (m, 9H). 5f:

卜MRS3.86401 (m, 8H),5.12(s,2H),5.30(quin, m,J 
= 5.1 Hz), 6.97-7.99 (m, 9H).

Preparation of 13-dialkoxy-2-propyl 4-hydroxybenzo- 
ates 6. A methanol (18 mL) solution of 5a (3.50 g, 10.6 
mmol) was shaken with a Paar hydrogenation reactor in the 
presence of 03 g of palladium catalyst (5% Pd/C) at 15 psi 
pressure over a period of 3 h. The catalyst was filtered off 
and the filtrate was dried over N电SO% and concentrated to 
give 2.50 g (98%) of 6a, Compounds 6b-6f were similarly 
prepared in 98,98, 76,98, and 97% yields, respectively

6a: JH NMR S3.40 (s, 6H), 3.60-3.75 (m, 4H), 5.37 (quin, 
1H? J= 5.1 Hz), 6.72 (d, 2H, J= 8.8 Hz), 7.25 (br s), 7.84 (d, 
2H, J= 8.8 Hz). 6b: JH NMR S L18 (t, 6H, J= 6.9 Hz), 
3.48-3.70 (m, 4H), 3.74 (d, 4H, J= 5.1 Hz), 536 (quin, 1H? 
J= 5.1 Hz), 6.70 (d, 2H, J= 8.8 Hz), 7.0 (br s), 7.79 (d, 2H, 
J= 8.8 Hz). 6c: JH NMR S0.87 (t, 6H,J= 7.4 Hz), L58 
(sext, 4H, J= 7.4 Hz), 340-351 (m, 4H), 3.72 (d, 4H, J =
5.1 Hz), 534 (quin, 1H? J= 5.1 Hz), 6.73 (d, 2H, J= 8.8 
Hz), 7.25 (br s), 7.81 (d, 2H, J= 8.8 Hz). 6d: JH NMR S0.88 
(t, 6H, J= 7.2 Hz), 133 (sext, 4H, J= 7.2 Hz), L54 (quin, 

4H, J= 7.2 Hz), 3.43-3.53 (m, 4H), 3.69 (d, 4H, J= 5.1 Hz), 
532 (quin, 1H? J= 5.1 Hz), 6.77 (d, 2H, J= 8.8 Hz), 730 (br 
s), 7.88 (d, 2H, J= 8.8 Hz). 6e: JH NMR S3.81-401 (m, 
8H), 533 (quin, 1H? J= 5.1 Hz), 6.40 (br s), 6.88 (d, 2H, J=
8.8 Hz), 7.94 (d, 2H, J= 8.8 Hz). 6f: JH NMR S3.86-3.95 
(m, 8H), 4.01 (br s), 5.28 (quin, 1H? J= 5.1 Hz), 6.88 (d, 2H, 
J= 8.8 Hz), 7.93 (d, 2H, J= 8.8 Hz).

Preparation of 4-[(13-dialkoxy-2-propyloxy)carbonyl] 
phenyl 4l-alkyloxy-(l,ll-biphenyl)-4-carboxylate 8. To a 
solution of 6a (0.53 g, 2.21 mmol) in CH2O2 (15 mL) was 
added DCC (0.55 g, 2.65 mmol), DMAP (0.32 g, 2.65 
mmol), and 4*-octyloxy-( 1 ? 1 -biphenyl)-4-carboxylic acid 
(7a, 0.72 g, 2.21 mmol). The mixture was stirred at room 
temperature overnight. After removal of precipitated materials, 
the filtrate was washed with 5% acetic acid (20 mL), 5% aq 
sodium hydroxide (20 mL) and water, and then dried over 
N电SO4. The concentrated residue was purified by column 
chromatography (silica gel, hexanes/ether 1:1, Rf=0.6) 
and followed by recrystalization from hexane to give 1.09 g 
(90%) of 8a. Compounds 8b-8y were similarly prepared.

8a (8C-Me): 】H-NMR S0.89 (t, 3H, J= 6.6 Hz), 130- 
L85 (m, 12H)? 3.40 (s, 6H), 3.68 (d, 4H, J= 5.1 Hz), 4.01 (t, 
2H, J= 6.6 Hz), 539 (quin, 1H? J= 5.1 Hz), 7.00 (d, 2H, J=
8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.60 (d, 2H, J= 8.8 Hz), 
7.70 (d, 2H, J= 8.4 Hz), 8.16 (d, 2H, J= 8.8 Hz), 8.22 (d, 
2H,J= 8.4 Hz); 13C-NMR S 14.0, 22.6, 26丄 29.2, 293, 
29.4,3L8, 59.4, 68.2, 7L4, 72.2, H5A 12L8? 126.6,126.9, 
127 7 128 4 130 1 131 4 131 8 146 2 154 8 159 6 
164.6, 1653; AnaL calc, for C33H40O7： C 72.24, H 735; 
found: C 72.26, H 735.

8b (8C-Et): Yield 88%; JH NMR S0.87 (t, 3H,J= 7.0 
Hz), L19 (t, 6H, J= 7.0 Hz), L20-L84 (m, 12H)? 3.49-3.63 
(m, 4H), 3.71 (d, 4H, J= 5.1 Hz), 4.01 (t, 2H, J= 6.6 Hz), 
536 (quin, 1H?J= 5.1Hz), 7.00 (d, 2H,丿=8.8 Hz), 731 (d, 
OTj T— Q Q TJr,\ "7 rn [A OTJ T— Q Q 口1 (A OU T— Q AJ — o.o fiZ丿, /.OU (Q, J — o.o fiZ丿, /.03 (Q J — &와 

Hz), 8.16 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C 
NMR S 14丄 15丄 22.6, 26Q 292 293, 29.4, 3L7, 66.8, 
68.0, 69.0, 72.4, 114.9, 12L7, 126.5, 126.9, 127.8, 1283, 
130.7,1313,13L6, 146 丄 154.6, 159.5, 164.5, 1652; AnaL 
calc, for C35H44O7： C 72.89, H 7.69; found: C 72.96, H 7.78.

8c (8C-Pr): Yield 72%; 】H-NMR S0.90 (t, 9H,J= 7.2 
Hz), L29-L85 (m, 16H)? 340-3.51 (m, 4H,), 3.72 (d, 4H, J 
=5.1 Hz), 4.00 (t, 2H, J= 6.6 Hz), 538 (quin, 1H? J= 5.1 
Hz), 7.00 (d, 2H, J= 8.8 Hz), 734 (d, 2H, J= 8.8 Hz), 7.60 
(d, 2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J=
8.8 Hz), 8.23 (d, 2H,J= 8.4 Hz); 13C-NMR S 10.5, 14.0, 
22.6,22.8,26丄 29.2,29.3,29.4,3L8,68.2,693,72.6,733, 
115 丄 12L7, 126.6, 127丄 128.0, 128.4, 130.8, 13L4, 
13L9, 1463, 154.8, 159.7, 164.6, 1654; AnaL calc, for 
C37H48O7： C 73.48, H 8.00; found: C 73.74, H 8.0L

8d (8C-Bu): Yield 91%; 】H-NMR S0.90 (t, 9H, J= 7.0 
Hz), L29-L88 (m, 20H)? 3.45-3.58 (m, 4H), 3.70 (d, 4H, J=
5.1 Hz), 4.00 (t, 2H, J= 6.6 Hz), 536 (quin, 1H? J= 5.1 Hz), 
7.00 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.6 Hz), 7.60 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 
Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C-NMR S 13.8, 14丄 19.2, 
22.6,26丄 292 293,29.4,3L7,3L8,68.2,69.4,7L4,72.6, 
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115 丄 12L7, 126.7, 127丄 128A 128.4, 130.8, 13L4, 
13L9, 146.3, 1548, 159.7, 164.6, 1654; AnaL calc, for 
C39H52O7: C 74.02, H 8.28; found: C 73.91, H 839.

8e (8C-CH2CF3): Yield 92%; JH NMR 50.90 (t, 3H, J =
6.6 Hz), L32-L89 (m, 12H)? 3.83-4.05 (m, 10H)? 536 (quin, 
1H? J= 5.1 Hz), 7.01 (d, 2H, J= 8.8 Hz), 7.34 (d, 2H, J= 8.8 
Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 Hz), 8.14 
(d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C NMR 5
14.4, 22.9, 263, 29.4, 29.5, 29.6, 32丄 683, 683, 69.0 (q, 
2Jcf = 343 Hz)? 70.7, 7L5, 115.3, 122.2, 124.0 (q, XJQT.= 
280.0 Hz), 126.9, 127丄 128.7, 13L1? 13L7, 132.0, 146.6, 
1553, 159.9, 164.8, 165.3; MS: m/z 684 (M+? 1), 309 (100), 
196 (6), 105 (5), 77 (6).

8f (8C-CH2CF2CF3): Yield 65%; JH NMR 50.89 (t, 3H, J 
=6.6 Hz), L29-L82 (m, 12H)? 3.88404 (m, 10H)? 535 
(quin, 1H? J= 5.1 Hz), 7.01 (d, 2H, J= 8.8 Hz), 734 (d, 2H, 
J= 8.8 Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 
Hz), 8.13 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C 
NMR 514 丄 22.7,26.0,292 293,29.4,3 L9,68.0 (t,勺5 =
26.6 Hz), 68丄 70.4, 71丄 1132 (tq, ^=2553 Hz,勺5 =
37.1 Hz), 115A 1183 (qt, 1 Jcf = 286.0, 2Jcf = 34.8 Hz), 
122A 126.6, 126.8, 127Q 128.4, 130.8, 13L4, 13L8, 
1463, 155.0,159.7,164.6,165.0.

8g (9C-Me): Yield 97%; JH NMR 50.87 (t, 3H, J= 6.6 
Hz), L28-L84 (m, 14H)? 3.40 (s, 6H), 3.67 (d, 4H, J= 5.1 
Hz), 4.00 (t, 2H, J= 6.6 Hz), 539 (quin, 1H? J= 5.1 Hz), 
7.00 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.59 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), & 16 (d, 2H, J= 8.8 
Hz), 8.22 (d, 2H, J= 8.4 Hz). 13C NMR 514丄 22.6, 26.0, 
292 293, 29.4, 29.5, 3L8, 59.3, 68丄 7L2, 72.0, 115.0, 
12L8? 126.6, 126.9, 127.7, 128.4, 130.1, 13L4, 13L8, 
1462 1548, 159.6, 164.6, 1653. AnaL calc, for C34H42O7： 
C 72.57, H 7.52; found: C 72.73, H 7.58.

8h (9C-Et): Yield 83%; JH NMR 50.88 (t, 3H, J= 7.0 
Hz), L18(t? 6H,丿=7.0 Hz), L20-L84 (m, 14H), 3.50-3.58 
(m, 4H), 3.72 (d, 4H, J= 5.1 Hz), 4.01 (t, 2H, J= 6.6 Hz), 
537 (quin, 1H? J= 5.1 Hz), 7.00 (d, 2H, J= 8.8 Hz), 731 (d, 
2H, J= 8.8 Hz), 7.58 (d, 2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 
Hz), 8.14 (d, 2H, J= 8.8 Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C 
NMR 14丄 15丄 22.6, 26.0, 29.2, 293, 29.4, 29.5, 3L7, 
66.8, 68.0, 69.0, 72.4, 114.9, 12L7, 126.5, 126.9, 127.8, 
1283, 130.7, 13L3, 13L6, 146.1, 154.6, 159.5, 164.5, 
165.2; AnaL calc, for C^H^Ch： C 73.19, H 7.85; found: C 
73.41, H 7.97.

8i (9C-Pr): Yield 95%; JH NMR 50.90 (t, 9H, J= 73 Hz), 
L28-L85 (m, 18H)? 3.40-3.51 (m, 4H), 3.72 (d, 4H, J= 5.1 
Hz), 4.00 (t, 2H, J= 6.6 Hz), 538 (quin, 1H? J= 5.1 Hz), 
7.00 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.59 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 
Hz), 8.22 (d, 2H, J= 8.4 Hz). 13C NMR 510.5, 14丄 22.6, 
22.7,26.0,292 293,29.4,29.5,3L8,68丄 69.2, 72.4, 73丄

114.9, 12L7, 126.6, 126.9, 127.8, 1283, 130.7, 13L3, 
13L7, 1462 154.6, 159.6, 164.5, 1653. AnaL calc, for 
C38H5o07: C 73.76, H 8.14; found: C 73.61, H 8.28.

8j (9C-Bu): Yield 96%; JH NMR 50.90 (t, 9H? J= 7.0 
Hz), L29-L85 (m, 22H), 3.43-3.58 (m, 4H), 3.70 (d, 4H, J=
5.1 Hz), 4.00 (t, 2H, J= 6.6 Hz), 5.36 (quin, 1H? J= 5.1 Hz), 
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7.00 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.59 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 
Hz), 8.23 (d, 2H, J= 8.4 Hz). 13C NMR 513.9, 14丄 19.2, 
22.2,26Q 292 29.3,29.4,29.5,3L6,3L8,68 丄 693,7L3,
72.5, 114.9, 12L7, 126.6, 126.9, 127.9, 128.4, 130.8, 13L4, 
13L8, 1462 154.6, 159.6, 164.6, 1653 AnaL calc, for 
C4oH5407： C 74.27, H 841; found: C 7331, H 8.4L

8k(9C-CH2CF3): Yield 80%; JH NMR 50.89 (t, 3H, J =
6.6 Hz), L28-L85 (m, 14H)? 3.83404 (m, 1 아!), 537 (quin, 
1H? J= 5.1 Hz), 7.00 (d, 2H, J= 8.8 Hz), 734 (d, 2H, J= 8.8 
Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 Hz), 8.13 
(d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C NMR 5 
14丄 22.7, 26.0, 292 293, 29.4, 29.5, 3L9, 68.2, 68.8 (q, 
2Jcf = 343 Hz)? 70.4, 7L3, 115.0, 122.0, 124.0 (q, XJQT.= 
280.0 Hz), 126.7, 126.9, 127丄 128.4, 130.8, 13L4, 13L8, 
1463,155.1,159.7,164.0,165.1; MS: m/z 698 (M+? 1), 337 
(100), 196 (6), 105 (3), 77 (6).

81(9C-CH2CF2CF3): Yield 90%; JH NMR 50.89 (t, 3H, J 
= 6.6 Hz), L28-L81 (m, 14H)? 3.88-4.04 (m, 1 아!), 534 
(quin, 1H? J= 5.1 Hz), 7.00 (d, 2H, J= 8.8 Hz), 734 (d, 2H, 
J= 8.8 Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 
Hz), 8.13 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C 
NMR 514丄 22.7,26Q 28.9,292 29.4,29.5, 3L9,68.0 (t, 
七cf= 26.6 Hz), 68.5, 70.4, 7L4,1132 (tq, XJQT- 2553, 2Jcf 
=37.1 Hz), 115.0, 1183 (qt, ^=286A 2Jcf=34.8 Hz), 
122A 126.6, 126.8, 127.0, 128.4, 130.8, 13L4, 13L7, 
1463,155.0, 160A 164.5,165.0.

8m (10C-Me): Yield 96%; 】H-NMR 50.87 (t, 3H, J= 6.6 
Hz), L15-L84 (m, 16H)? 339 (s, 6H), 3.67 (d, 4H, J= 5.1 
Hz), 4.00 (t, 2H, J= 6.6 Hz), 5.38 (quin, 1H? J= 5.1 Hz), 
6.97 (d, 2H, J= 8.8 Hz), 733 (d, 2H, J= 8.8 Hz), 7.58 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 
Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C-NMR 514Q 22.7, 26Q 
29.2, 29.3, 29.4, 29.5, 29.6, 3L9, 593, 68丄 7L3, 72.0,
114.9, 12L8? 126.6, 126.9, 127.7, 128.4, 130.8, 13L4, 
13L8, 1462 154.7, 159.6, 164.6, 1653; AnaL calc, for 
C35H44O7： C 72.89, H 7.69; found: C 72.65, H 7.79.

8n (10C-Et): Yield 90%; JH NMR 50.87 (t, 3H, J= 7.0 
Hz), L19 (t, 6H, J= 7.0 Hz), L20-L84 (m, 16H)? 3.50-3.60 
(m, 4H), 3.71 (d, 4H, J= 5.1 Hz), 4.01 (t, 2H, J= 6.6 Hz), 
536 (quin, 1H? J= 5.1 Hz), 6.99 (d, 2H, J= 8.8 Hz), 730 (d, 
2H, J= 8.8 Hz), 7.58 (d, 2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 
Hz), 8.14 (d, 2H, J= 8.8 Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C 
NMR 5 14丄 15丄 22.6, 26Q 292 293, 29.4, 29.5, 29.6, 
3L7, 66.8, 68.0, 69.0, 72.4, 114.9, 12L7, 126.5, 126.9, 
127.8,128.3, 130.7, 1313,13L6,146 丄 154.6 159.5,164.5, 
165.2; AnaL calc, for C37H48O7： C 73.48, H 8.00; found: C 
72.7LH8.18.

80 (10C-Pr): Yield 90%; 】H-NMR 50.89 (t, 3H, J= 7.2 
Hz), L28-L88 (m, 26H), 3.38-3.48 (m, 4H), 3.71 (d, 4H, J=
5.1 Hz), 4.00 (t, 2H, J= 6.6 Hz), 537 (quin, 1H? J= 5.1 Hz), 
7.00 (d, 2H, J= 8.8 Hz), 7.27 (d, 2H, J= 8.8 Hz), 7.59 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 
Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C-NMR 510.5, 14丄 22.7, 
22.8,26A 292 29.3,29.4,29.5,29.6,3 L9,68 丄 693,72.5, 
732 U4.9, 12L7, 126.6, 126.9, 127.8, 1283, 130.7, 1313, 
13L7, 1462 154.6, 159.6, 164.5, 1653; AnaL calc, for 
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C39HMH C 74.02, H 8.28; found: C 73.99, H 839.
8p (lOC-Bu): Yield 75%; 】H-NMR 50.89 (t, 9H,J= 7.0 

Hz), L29-L85 (m, 24H), 3.44-3.55 (m,4H),3.71 (d,4H,丿=

5.1 Hz), 3.99 (t, 2H, J= 6.6 Hz), 5.38 (quin, 1H? J= 5.1 Hz), 
6.99 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.58 (d, 
2H, J= 8.8 Hz), 7.68 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 
Hz), 8.21 (d, 2H, J= 8.4 Hz); 13C-NMR 513.9, 14丄 19.2, 
22.7,26.0,292 293,29.4,29.5,29.6,3L6,3L9,68 丄 69.3, 
7L3, 72.5, 114.9, 12L7, 126.6, 126.9, 127.9, 128.4, 130.8, 
13L4? 13L8, 1462 154.7, 159.6, 164.6, 1653; AnaL calc, 
for C4iH56O7： C 74.51, H 8.54; found: C 74.20, H 8.47.

8q (IOC-CH2CF3): Yield 79%; JH NMR 50.90 (t, 3H, J=
6.6 Hz), L32-L90 (m, 16H)? 3.83405 (m, 10H)? 536 
(quin, 1H? J= 5.1 Hz), 7.00 (d, 2H, J= 8.8 Hz), 734 (d, 2H, 
J= 8.8 Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 
Hz), 8.14 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C 
NMR 5 14丄 22.6, 26.0, 292 293, 29.4, 29.5, 29.6, 3L9, 
68 2 68.7, 68.8 (q, 2Jcf=343 Hz), 70.7, 7L3, 115A 122.0, 
124.0 (q, 1 丿cf=280.0Hz), 126.6,126.9,127丄 128.4,130.8, 
13L4? 13L8, 1463, 155.0, 159.6, 164.5, 165.1; MS: m/z 
712 (M+? 3), 337 (100), 196 (5), 105 (2), 77 (3).

8r (IOC-CH2CF2CF3): Yield 63%; JH NMR 50.88 (t, 3H, 
J= 6.6 Hz), L27-L82 (m, 16H)? 3.88-4.04 (m, 1 아!), 535 
(quin, 1H? J= 5.1 Hz), 7.01 (d, 2H, J= 8.8 Hz), 734 (d, 2H, 
J= 8.8 Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 
Hz), 8.13 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C 
NMR 5 14丄 22.7, 26.0, 292 293, 29.4, 29.5, 29.6, 3L9, 
68.0 (t,七6= 26.6 Hz), 68丄 70.4, 7L1, 1132 (tq, XJQV = 
255.3Hz, 2Jcf=37.1 Hz), 115.0, 1183 (qt, ^=286.0 Hz, 
2Jcf = 34.8 Hz), 122.0, 126.6, 126.8, 127.0, 128.4, 130.8, 
13L4? 13L7,1463,155Q 159.7, 164.5, 165.0.

8s (12C-Me): Yield 96%; 】H-NMR 50.87 (t, 3H? J= 6.6 
Hz), L23-L81 (m, 2아!), 3.40 (s, 6H), 3.67 (d, 4H, J= 5.1 
Hz), 4.00 (t, 2H, J= 6.6 Hz), 539 (quin, 1H? J= 5.1 Hz), 
7.00 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.59 (d, 
2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 Hz), & 16 (d, 2H, J= 8.8 
Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C-NMR 514.0, 22.6, 26.0, 
29.2,29.3,29.4,29.5,29.6,29.7,30Q 3L9, 593,68.2, 7L3, 
72 丄 115A 12L7, 126.6, 127丄 127.8, 128.4, 130.8, 13L4, 
13L8, 146.3, 1548, 159.7, 164.5, 1653; AnaL calc, for 
C37H48O7： C 73.48, H 8.00; found: C 73.50, H 8.12.

8t (12C-Et): Yield 98%; JH NMR 50.87 (t, 3H, J= 7.0 
Hz), L19 (t, 6H, J= 7.0 Hz), L20-L88 (m, 20H), 3.40-3.60 
(m, 4H), 3.72 (d, 4H, J= 5.1 Hz), 3.99 (t, 2H, J= 6.6 Hz), 
536 (quin, 1H? J= 5.1 Hz), 6.99 (d, 2H, J= 8.8 Hz), 731 (d, 
2H, J= 8.8 Hz), 7.58 (d, 2H, J= 8.8 Hz), 7.68 (d, 2H, J= 8.4 
Hz), 8.15 (d, 2H, J= 8.8 Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C 
NMR 5 14丄 15丄 22.6, 26.0, 292 293, 29.4, 29.5, 29.6, 
29.7, 30.0, 3L7, 66.8, 68.0, 69.0, 72.4, 114.9, 12L7, 126.5,
126.9, 127.8, 128.3, 130.7, 1313, 13L6, 146.1, 154.6,
159.5, 164.5, 165.2; AnaL calc, for C39H銘Ch： C 74.02, 
H 8.28; found: C 73.95, H 834.

8u (12C-Pr): Yield 85%; 】H-NMR 50.89 (t, 3H, J= 7.2 
Hz), L23-L84 (m, 28H), 3.40-3.49 (m,4H),3.71 (d,4H,丿=

5.1 Hz), 4.00 (t, 2H, J= 6.6 Hz), 5.37 (quin, 1H? J= 5.1 Hz), 
7.00 (d, 2H, J= 8.8 Hz), 731 (d, 2H, J= 8.8 Hz), 7.59 (d, 
2H, J= 8.8 Hz), 7.69 (d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 

Hz), 8.22 (d, 2H, J= 8.4 Hz); 13C-NMR 510.5, 14丄 22.7, 
22.8,26A 292 29.3,29.4,29.5,29.6,29.7,30Q 31.9,68.2, 
693, 72.6, 732 H5丄 12L7, 126.6, 127丄 128.0, 128.4, 
130.8,13L4? 13L9, 146.3, 1548, 159.7, 164.6, 1653; AnaL 
calc, for C4iH56O7： C 74.51, H 8.54; found: C 74.72, H 8.63.

8w (12C-Bu): Yield 94%; 】H-NMR 50.84-L88 (m, 36H), 
3.40-3.52 (m, 4H), 3.70 (d, 4H, J= 5.1 Hz), 4.01 (t, 2H, J=
6.6 Hz), 537 (quin, 1H? J= 5.1 Hz), 7.00 (d, 2H, J= 8.8 
Hz), 731 (d, 2H, J= 8.8 Hz), 7.58 (d, 2H, J= 8.8 Hz), 7.69 
(d, 2H, J= 8.4 Hz), 8.15 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 
8.4 Hz); %-NMR 513.9, 14丄 192 22.7, 26.0, 292 293, 
29.4,29.5,29.6,29.7,30.0,3L7,3L9,68.2,69.4,7L4,72.7, 
115 丄 12L7, 126.6, 127丄 128.0, 128.4, 130.8, 13L4, 
13L9, 1463, 154.8, 159.7, 164.6, 1653; AnaL calc, for 
C43H60O7： C 74.97, H 8.78; found: C 75.12, H 8.83.

8x (I2C-CH2CF3): Yield 62%; JH NMR 50.90 (t, 3H, J=
6.6 Hz), L32-L90 (m, 20H)? 3.83-4.05 (m, 10H)? 536 (quin, 
1H? J= 5.1 Hz), 7.00 (d, 2H, J= 8.8 Hz), 734 (d, 2H, J= 8.8 
Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 Hz), 8.14 
(d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C NMR 5 
14丄 22.7, 26.0, 292 293, 29.4, 29.57, 29.59, 29.6, 29.7, 
3L6, 682 68.9 (q?2Jcr=343 Hz), 70.4,71.3, 115A 122.0, 
124.0 (q, 1如=280.0 Hz), 126.7,126.9,127丄 128.4,130.8, 
13L4? 13L8, 1463, 155丄 159.7, 164.6, 165.1; MS: m/z 
740 (M+? 3), 365 (100), 196 (5), 105 (1), 77 (2).

8y (I2C-CH2CF2CF3): Yield 75%; JH NMR 50.88 (t, 3H, 
J= 6.6 Hz), L26-L82 (m, 20H)? 3.88-4.04 (m, 10H)? 535 
(quin, 1H? J= 5.1 Hz), 7.01 (d, 2H, J= 8.8 Hz), 734 (d, 2H, 
J= 8.8 Hz), 7.60 (d, 2H, J= 8.8 Hz), 7.70 (d, 2H, J= 8.4 
Hz), 8.13 (d, 2H, J= 8.8 Hz), 8.23 (d, 2H, J= 8.4 Hz); 13C 
NMR 514丄 22.7, 26Q 292 293,29.4,29.5,29.60, 29.65, 
29.7, 3L9, 68.0 (t, 2Jcf=26.6 Hz)? 68丄 70.4, 71丄 113.2 
(tq, 1JCf=2553Hz? 2Jcf=37.1 Hz), 115.0, 1183 (qt, xJQv = 
286.0Hz, 2Jcf=34.8 Hz), 122.0, 126.6, 126.8, 127Q 128.4, 
130.8,13L4? 13L7, 1463,155.0,159.7,164.5, 165。

Res미ts and Discussion

New achiral swallow-tailed liquid crystals derived from 
1 ?3-dialkoxy-2-propanols, where alkyl is methyl, ethyl, 
propyl, butyl, CH2CF3, and CH2CF2CF3, were prepared 
and their mesomorphic properties were investigated.

1 ?3-Dialkoxy-2-propanols 3 were prepared from the 
reaction of epichlorohydrin 1 with 2.0 equivalents of sodium 
alkoxide 2. Preparation of the final products 8 from the 
alcohols 3 was achieved by the routine synthetic sequences 
(Scheme 1). The structures of the final products and 
intermediates were identified by !H NMR, 13C NMR, 
elemental analysis, and mass spectroscopy

The mesophase transition temperatures and enthalpies of 
the compounds 8 (nC-R) were determined by differential 
scanning calorimetry (DSC) in conjunction with optical 
polarizing microscopy Mesophases were identified by 
observing the microscopic textures of the materials layered 
between two untreated glass plates. Texture observations at a 
rate of 0.1 °C/min on cooling exhibited that liquid crystals 
have fairly rich mesophases.



1368 Bull. Korean Chem. Soc. 2006, Vol. 27, No. 9 Kyung-Tae Kang et al.

ii
(R2OCH2)2CHOH ——

3

PhCH2O-^^-CO2CH(CH2OR2)2 iii

a, R2 = CH3
b, R2 = CH2CH3
c, R2 = CH2CH2CH3
d, R2 = CH2CH2CH2CH3
e, R2 = CH2CF3
f, R2 = CH2CF2CF3

ho-^^-co2ch(ch2or2)2
iv

피。00-。。2~《一CC)2CH(CH2OR2)2

6 8
R1 = CgH-iy, C9H-19, C-10H21, C12H25

i. 2 R2ONa (2) ii. PhCHzOY^-CQH (4), DCC 此电，Pd/C iv. (7), DCC

Scheme 1

The SmA phase was characterized by the formation of 
batonnets and focal-conic fan texture and SmC phase by the 
formation of broken focal-conic fan texture. The SmCalt 
phase display a striated focal-conic texture in the thicker 
sample region and it was further characterized by the 
schlieren texture with two and four singularities in the 
thinner sample region." The appearance of both of two and 
four brush singularities in the schlieren texture is diagnostic 
for the presence of antiferroelectric phase.3,8 The schlieren 
texture of the SmCalt phase of 8n (lOC-Et), which has decyl 
and ethyl groups in place ofR1 and R% is shown in Figure 1.

The resulting mesophases and their corresponding phase 
transition temperatures measured by DSC and microscopic 
observations are summarized in Table 1. Melting point 
indicates the temperature at which a mesophase starts to 
appear on heating.

A plot of phase transition temperature versus substituent R 
group in the swallow-tail for the compounds 4-(4f-octyloxy- 
biphenyl-4-carbonyloxy)benzoates 8a-8f (8C-R) on cooling 
is shown in Figure 2. Materials 8a and 8d did not show a 
striated focal-conic or schlieren texture of the SmCalt phase. 
They exhibited an enantiotropic phase sequences of I-SmA- 
SmC-Cr. In contra아 to the antiferroelectric ordering of the 
compound A containing a branched alkyl group as a swallow- 
tail3b the analogous compound 8a (8C-Me) did not exhibit the 
SmCalt phase.

The difference in compound A and 8a might be resulted 
not from the different 아eric interactions but from the polar 
effect of oxygen atoms in the swallow-tail. Because the 
preferred comfbrmation and all other conformational analysis 
were reported to be strikingly preserved, when a methylene 
group in a molecule was replaced with an ethereal oxygen.9

However, the compounds 8b (8C-Et) and 8c (8C-Pr) 
displayed an 4antiferroelectric-like, SmCalt phase with 
enantiotropic phase sequences of I-SmA-SmC-SmCalt-Cr. 
These results indicate that the clinicity is sensitively affected 
by the molecular structure. The compounds carrying fluorin-

Figure 1. Schliem texture of SmCalt phase of compound 8n 
(10C-Et)at71 °C

(
o
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巳으
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Figure 2. The diagram of the phase sequence and transition 
temperature for compounds 8a-f (8C-R) and A.

口 SmA
口 SmC
□ SmCalr
□ Cr

ated swallow-tails 8e (8C-CH2CF3) and 8f (8C-CH2CF2CF3) 
were found to exhibit SmCalt phases with direct SmA-
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Table 1. Phase transition temperatures (°C) and enthalpies (讥 italics) for compounds 8 on cooling

Compound Cr SmCalt SmC SmA I mp

8a (8C-Me) 32.9 109.2 133.1 96.5• 4.57 — . 0.10 • 4.68

8b (8C-Et)
94.4 98.0 120.8 843• 19.5 .
0.10

. 0.15 • 4.05

8c (8C-Pr) 30.9 81.9 89.5 119.7 67.2• 10.0 .
0.04

. 0.02 • 3.99

8d (8C-Bu) 34.7 75.6 108.2 57.2• 13.1 — . 0.09 • 3.27

8e (8C-CH2CF3) 653 123.2 136.8 88.9• 20.4 .
0.14

— . 4.89
49.1 119.2 136.3 63.88f(8C-CH2CF2CF3) • 1.17 .

0.29
— . 4.08

8g (9C-Me) 48.9 97.8 122.5 863• 13.9 — . 0.07 • 3.66

8h (9C-Et) 48.0 88.4 91.0 110.1 75.0• 14.5 .
1.14

. 0.13 • 3.25

8i(9C-Pr)
42.2 83.0 102.2

58.0• 18.0 — . 0.14 • 3.10

8j (9C-Bu) 16.7 74.4 99.0 55.2• 13.5 — . 0.11 • 2.77

8k(9C-CH2CF3) 60.7 110.6 122.9 84.5* 22.4 . 0.02 — . 3 32
13.2 112.8 127.6 61.281(9C-CH2CF2CF3) • 11.1 .

0.08
— . 2.65

8m (lOC-Me) 503 105.6 123.4 92.4• 24.8 — . 0.13 • 3.88

8n(10C-Et) 36.0 76.8 97.4 105.1 763• 12.5 . 0.02 . 0.40 • 1.49

8o(10C-Pr) 313 80.2 95.7 60.9• 19.8 — . 0.20 • 2.64

8p(10C-Bu) 27.8 75.6 97.2
55.6• 25.5 — . 0.12 • 3 32

8q(10C-CH2CF3) 643 111.2 113.2 118.9 86.5• 22.0 .
0.04 . 0.36 • 3.28

26.0 110.2 118.68r(10C-CH2CF2CF3) • 11.4 .
0.50

— . 2.78 653

8s (12C-Me) 62.5 95.0 111.4
94.9• 35.7 — . 0.21 • 3.45

St (12C-Et) 46.9 87.7 96.4
78.5• 27.4 — . 0.13 • 1.23

8u (12C-Pr) 35.6 78.0 116.6 63.8• 22.0 — . 0.10 • 1.54

Sw (12C-Bu) 55.1 72.5 88.6 69.1• 40.5 — . 0.17 • 1.78

8x(12C-CH2CF3) 643 95.9 102.9 107.9 89.5• 26.1 . 0.02 . 0.55 • 292
45.8 104.5 112.98y(12C-CH2CF2CF3) • 15.4 .

0.48
— . 2.86 71.0

Cr = crystalline phase; S吾uCaK = antiferroelectric-like smectic C phase; SmC = smectic C phase; SmA= smectic A phase; T = isotropic liquid phase.

SmCalt transitions. The swallow-tailed liquid crystals 8b, 8c, 
8e? and 8f with bisalkoxy swallow-tails showed SmCalt 
phases at temperature lower, and temperature range broader 
than the compound A?b

The compounds nC-Me? nC-Pr? and nC-Bu did not exhibit 
SmCalt phases except for 8C-Pr (8c). Materials nC-Et were 

found to exhibit SmCalt phases with phase sequences of I- 
SmA-SmC-SmCalt-Cr except for 12C-Et which showed 
only a SmC phase(I-SmC-Cr). All 11C-CH2CF3 exhibited 
SmCalt phases, and their temperature ranges are broader 
than those of the corresponding nC-Et. The compounds 8C- 
CH2CF2CF3 (8f), 9C-CH2CF2CF3 (81), and 10C-CH2CF2CF3 
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(8r) showed SmCalt phases with direct SmA-SmCalt transi­
tions. Those liquid crystals showed the phase sequences (I- 
SmA-SmCalt-Cr) and exhibited SmCalt phases at temper­
ature lower, and temperature range broader than the 
compounds with the non-fluorinated swallow-tails. The 
compound 9C-CH2CF2CF3 (81) exhibited the lowest 
crystallization temperature (13.2 °C) and the broadest 
temperature range (99.6 °C) of SmCalt phase among the 
prepared liquid crystals. The introduction of fluorinated 
alkyl in swallow-tails causes to raise the melting point, 
clearing point, and transition temperature for SmCalt phase 
when compared to the unsubstituted compounds. However, 
the compounds canying highly polar fluorine substituted 
swallow-tails exhibit the more stable SmCalt phases than the 
analogues with simple alkyl swallow-tails. The effects of the 
fluoro substituents in the swallow-tails on the determination 
of clinicity and stability may come from the steric and polar 
effects since C-F bond (138 A) is slightly longer than that of 
C-H (L09 A) and fluorine is the most electronegative atom. 
At present, it is not clear how the steric and/or polar 
interaction do work for the clinicity and stability of the 
SmCalt phases.

In summary, newly synthesized 4*-(alkyloxy)-[ 1 ? 1 -bi­
phenyl]-4-carboxylates (nC-R) show diverse phase sequences 
depending on the R g2up in the swallow-tail, which play a 
major role in determining the clinicity and stability of 
SmCalt phase. Most of the compounds in the series nC-Me? 
nC-Pr? and nC-Bu exhibited smectic C phases synclinic 
ordering, however, most of the materials nC-Et? 11C-CH2CF3, 
and 11C-CH2CF2CF3 showed SmCalt phases (anticlinic 
ordering). The clinicity of the compounds with bisalkoxy 
swallow-tails was found to change sensitively by the 
molecular structures especially the R group of the swallow­
tail

Conclusion

New achiral swallow-tailed liquid crystals derived from 
1 ?3-dialkoxy-2-propanol were prepared in good yields. 
These swallow-tailed liquid crystals having l?3-dialkoxy-2- 
propyl moieties exhibited diverse phase sequences depend­
ing on R groups in the swallow-tails and the ler弟th of 
straight terminal alkyl chains, 11. The clinicity and the 

stability of 4 antiferroelectric-like, SmCalt phase in this 
system largely and sensitively depend upon the R g2ups. 
All the compounds carrying the fluorinated alkyl groups in 
the swallow-tails exhibit SmCalt phase and their temper­
ature ranges are broader than the materials with simple alkyl 
swallow-tails.
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