
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Synthesis and mesomorphic properties of cyano derivatives of 2-(4-
carbohydroxy-3-halogenphenyl)-5-alkyl-1,3,2-dioxaborinanes
V. S. Bezborodova; V. I. Lapanika

a A. N. Sevchenko Institute of Applied Physical Problems, Minsk, U.S.S.R

To cite this Article Bezborodov, V. S. and Lapanik, V. I.(1991) 'Synthesis and mesomorphic properties of cyano derivatives
of 2-(4-carbohydroxy-3-halogenphenyl)-5-alkyl-1,3,2-dioxaborinanes', Liquid Crystals, 10: 6, 803 — 807
To link to this Article: DOI: 10.1080/02678299108036455
URL: http://dx.doi.org/10.1080/02678299108036455

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299108036455
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LIQUID CRYSTALS, 1991, VOL. 10, No. 6, 803-807 

Synthesis and mesomorphic properties of cyano derivatives of 
2-(4-car bohydroxy-3-halogenphenyl)-5-aIkyl-1,3,2-dioxaborinanes 

by V. S. BEZBORODOV* and V. I. LAPANIK 
A. N. Sevchenko Institute of Applied Physical Problems, Kurchatova 7, 

Minsk, 220064, U.S.S.R. 

(Received 31 January 1991; accepted 1 June I9911 

Cyano derivatives of 2-(4-carbohydroxy-3-halogenphcnyl)-5-alkyl- I ,3,2- 
dioxaborinane have been synthesized. These compounds are characterized by low 
nematic-isotropic transition temperatures and a high positive dielectric anisotropy; 
thcy are promising for use in liquid-crystalline mixtures intended for high infor- 
mation electrooptic display devices. 

1. Introduction 
It has been shown that compounds containing a 1,3,2-dioxaborinane fragment 

form liquid-crystalline phases and are characterized by a higher positive dielectric 
anisotropy in comparison with analogous derivatives of 1,3-dioxane [ I  -41. In order to 
continue these investigations we have synthesized other cyano derivatives (IIa-w, IIIa) 
by the reaction of 2-alkyl- I ,3-propanediols with 4-carbohydroxy-3-halogenphenylboric 
acids and then by the conversion of the resultant 2-(4-carbohydroxy-3-halogenphenyl)- 
5-alkyl-l,3,2-dioxaborinanes (Ia-g), and we have studied their mesomorphic proper- 
ties and dielectric anisotropy. It was supposed that incorporation of halogen atoms into 
positions ortho to the carboxy and nitrile groups would allow us to obtain compounds 
not only with lower nematic-isotropic transition temperatures but also with a consider- 
ably higher positive dielectric anisotropy in comparison with the unsubstituted analogues. 

2. Results and discussion 
2-[4-(4'-cyano-3-halogenphenyloxycarbonyl)-3-halogenphenyl]-5-alkyl- 1,3,2- 

dioxaborinanes (IIa-w) were synthesized by reaction of the acid chlorides with 
4-hydroxy-3-halogenbenzonitriles in the presence of pyridine. The 2-(4-cyano-3- 
halogenphenyl)-5-alkyl-l,3,2-dioxaborinanes (IIIa) were obtained by treatment of the 
acid chlorides (la-g) with aqueous ammonia and by subsequent dehydration of the 
amides in the presence of thionyl chloride. 

X 

x 
Ia-g 
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x 
I Ia-w 

X 

I I Ia  
n = 3-7; X ,  Y = H, F, Cl. The yields and transition temperatures are given in  
tables 1 and 2. 

The composition and structure of the compounds obtained (Ia-g, IIa-w, IIIa) were 
confirmed by the results of elemental analysis as well as infrared and proton NMR 
spectroscopy. Thus, in the proton NMR spectra of the esters (lla-i), proton signals 
of dioxaborinane and aryl fragments were observed within the ranges 3.53-4.23 ppm 
and 7.27-8.1 3 ppm, respectively. NMR signals within the range 3.53-4.20 ppm correspond 
to the analogous protons of nitriles. In the infrared spectra of compounds IIa-i and 
IIIa, an intense signal at 2225 cm-' corresponds to the stretching of the nitrile group. 

The investigations of the mesomorphic properties and dielectric anisotropy of the 
1,3,2-dioxaborinanes synthesized as well as the electrooptic and dynamic parameters 
of the liquid-crystalline mixtures containing these compounds showed that they 
are more promising for use in electrooptic display devices in comparison with the 
analogous derivatives of trans-4-alkylcyclohexylbenzene and tran.s-2-phenyl-5-alkyl- 
IJ-dioxane. 

Table 1 ,  Yiclds and transition temperatures of the 2-(4-carbohydroxy-3-haIogenphenyl)-S- 
alkyl-l,3,2-dioxaborinancs (la-g). 

X 

Compound n x Yield/ YO 

la 
Ib 
Ic 
Id 
Ie 
If 
Ig 

F 
c1 
F 
F 
C1 
F 
F 

88 
73 
82 
76 
69 
64 
72 

Melting point or nematic 
rangc "C 

186 
183 

164-1 69 
156-1 74 
118-123 
158-167 
147- 169 
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Table 2. Yields, transition temperatures and dielectric anisotropy of 2-[4-(4-cyano-3- 
halogenphenyloxycarbonyl)-3-halogenpheny~]-5-alkyl-1- I ,3,2-dioxaborinanes (IIa-w). 

H m  + 1% <) Q-c 0 0 -Q c N 

X Y 

Compound 

IIa 
IIb 
IIC 
IId 
IIe 
IIf 
Ik 
IIh 
IIi 
IIj 
IIk 
I11 

Ilm 
IIn 
I10 
IIP 
I h  
IIr 
11s 
IIt 
IIU 
IIV 
IIW 

- ~~ 

n X Y Yield/ % 
Nematic range or 
melting point “C 

Dielectric 
anisotropyt 

3 F H 
3 c1 H 
3 H F 
3 F F 
3 c1 F 
3 F c1 
4 F H 
4 H F 
4 H CI 
4 F C1 
4 F F 
5 F H 
5 c1 H 
5 H F 
5 H CI 
5 F CI 
5 F F 
5 c1 F 
5 C1 C1 
6 F H 
6 F F 
7 F H 
7 F F 

67 
51 
75 
83 
72 
86 
76 
57 
58 
74 
79 
64 
68 
47 
62 
68 
60 
73 
73 
72 
62 
65 
51 

89- 174 
109-1 14 
126-1 73.5 
103-1 43.5 

78 
111 

95-168 
103-164 
115-116 

104 
64- 143 
94-167 
93-1 09 
82-109 

106-1 17 
105 

63-142 
59-74 

87-1 57 
68-131 
95-153 
71-131 

86 

38 
29 
- 

83 

581 
31 

? The dielectric anisotropy was measured at  a temperature 60°C below T,, . 
$ Extrapolated value. 

Table 3. Electrooptic parameters of the liquid-crystalline mixtures?. 

Compound in mixture Threshold Saturation A u p  
voltage V voltage V 

4-Cyano-3-fluorophenyl ester of 2.24 
4-trans-(4’-pentylcyclo hexyl) 
benzoic acid 

2-[4-(4’-Cyano-3- 2.12 

IIn 1.94 
IIq 1.50 
IIIa 1.51 

fluorophenyloxycarbonyl)phenyl]- 
5-pentyl-l,3-dioxanc 

2.96 0.72 

2.8 1 0.69 

2.58 0.64 
1.89 0.39 
1.90 0.39 

?The mixtures were composed of 55wt% of the 4-ethoxyphenyl ester of truns-4- 
butylcyclohexane-carboxylic acid, 25 wt% of the 4-ethoxyphenyl ester of tvuns-4- 
hexylcyclohexanecarboxylic acid and 20 wt% of the compounds indicated in the first column 
of the table. 
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4-Cyano-3-fluorophenylderivatives of 1,3,2-dioxaborinane are characterized by 
low nematic-isotropic transition tempertures (60-70°C) and high positive dielectric 
anisotropies reaching 80. This allows for liquid-crystalline compositions with a small 
threshold voltage, which are superior than the analogous compositions containing the 
derivatives of 1,3-dioxane and can be used for producing high information display 
devices (see table 3). 

3. Experimental 
Thc infrared spectra of 0.1 M solutions of the compounds in carbon tetrachloride 

were recorded with a SPECORD IR-75 spectrophotometer. The proton NMR spectra 
of 10 per cent solutions in carbon tetrachloride with hexamethyldisiloxane as an 
internal standard were recorded with a TESLA BS-467. The transition temperatures 
were determined with a thermometer or a Perkin-Elmer DSC-2 differential scanning 
calorimeter. 

The measurements of the electrooptic parameters of the mixtures were performed 
at 20°C in twisted nematic cells with a IOpn spacer. 

3. I .  Preparution of the 2-[4-(4'-carhohyilro.xy-3-halo~erzphenyl )I-5-ulkyl-I .3,2- 
dioxnhoritzurics (la-g) 

A mixture of 0.05mol of 2-alkyl-I, 3-propanediol and 04Smol of 4-carbo- 
hydroxy-3-halogenphenylboric acid in SO ml of acetone was boiled for three to four 
hours and cooled. The precipitated crystals were filtered off and recrystalliied from 
a minimum amount of acetone. 

3.2. Preparation of the 2-[4-(4'-(:l~ano-3-hul~~~~~nph~~noxy~arhonyl)-3-hulogenphen~~l]- 
5-alkyl- 1.3.2-dioxuhori~lunes (IIa-w) 

A mixture of 045  mol of the 2-(4-carbohydroxy-3-halogenphenyl)-5-alkyl- 1,3.2- 
dioxaborinanes, 0.006 in01 of pyridine and 0-06 mol of thionyl chloride in 50 ml 
of anhydrous diethylether was stirred for one hour. Then 0.6 mol of 4-hydroxy-3- 
halogenbenLonitrile and 0.01 mol of pyridinc were added. The mixture was left 
overnight and filtered. The residue obtained after the solvent had been removed was 
recrystalliLed from hexane and ethyl alcohol. The positive dielectric anisotropy of the 
obtained compounds are presented in table 2. 

3.3. Prcymration of the 2-(4-~yuno-ST/i~orophi~nyl)-5-propyl-l .3,2- 
dio.xahorinanc (Illa) 

A mixture of 0.007 mol of 2-(4-carbohydroxy-3-fluorophenyl)-5-propyl- 1,3,2- 
dioxaborinane and 0.03 inol of  thionyl chloride was boiled in a reversecooler flask for 
an hour. The residue obtained after the solvent had been removed was treated with 
15 ml of aqueous ammonia. The precipitated crystals were filtered off, washed with 
water, air dried and then dissolved in 10ml of dimethylformamide and 0.8ml of 
thionyl chloride, held for 1 hour and poured into aqueous sodium bicarbonate. The 
product was extracted with diethylether, washed with water and dried with anhydrous 
sodium sulphate. The residue obtained after the solvent had been removed was 
recrystallized from ethyl alcohol; yield 36 per cent, mp 45°C. The extrapolated value 
of the positive dielectric anisotropy (from mixtures of this compound with 4- 
ethoxyphenyl esters of trrms-4-alkylcyclohexa11ecarboxylic acids) is equal to 56. 
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