
 

 

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 4-alkyl-3,4'-disubstituted
biphenyls and terphenyls
V. S. Bezborodova; V. M. Kondratenkova; V. I. Lapanika; D. A. Trokhimetsa

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

To cite this Article Bezborodov, V. S. , Kondratenkov, V. M. , Lapanik, V. I. and Trokhimets, D. A.(1991) 'Synthesis and
mesomorphic properties of 4-alkyl-3,4'-disubstituted biphenyls and terphenyls', Liquid Crystals, 10: 6, 799 — 802
To link to this Article: DOI: 10.1080/02678299108036454
URL: http://dx.doi.org/10.1080/02678299108036454

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/10.1080/02678299108036454
http://www.informaworld.com/terms-and-conditions-of-access.pdf


LIQUID CRYSTALS, 1991, VOL. 10, No. 6, 799-802 

Synthesis and mesomorphic properties of 4-alkyl-3,4’-disubstituted 
biphenyls and terphenyls 

by V. S. BEZBORODOV*, V. M. KONDRATENKOV, V. I. LAPANIK 
and D. A. TROKHIMETS 

A.N. Sevchenko Institute of Applied Physical Problems, Kurchatova 7, Minsk, 
220064, U.S.S.R. 

(Received 31 January 1991; accepted I June 1991) 

Liquid-crystalline 4-alkyl-3-chloro(methyl)-4’-substituted biphenyls and 
terphenyls have been synthesized. Investigation of the mesomorphic properties of 
these compounds shows that unlike their unsubstituted analogues they form a 
liquid-crystalline phase at a lower temperature and over a narrower tcmperaturc 
range. 

1. Introduction 
Incorporation of lateral substituents into mesogenic molecules is generally accom- 

panied by a reduction in the mesophase formation temperature [ I ,  21. We had sup- 
posed that substitution of hydrogen atoms in the molecules of 4,4’-disubstituted 
biphenyls and terphenyls by halogen atoms and a methyl group would correspond to 
the same regularity and allow us to obtain liquid-crystalline compounds which are 
promising for the production of mixtures with low transition temperatures. We have, 
therefore, synthesized 4-alkyl-3-chloro-(methyl)-4’-substituted biphenyls and ter- 
phenyls (I-V) and investigated their mesomorphic properties. 

H2n+iCn bCOOH \ / \ / (Ia-e) 

H2n+1Cn wz \ / \ / \ / 
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II, PI = 4-7; X = CI, CH,; Y = H, C1; Y ’  = H, CH,; 2 = OH, OC,H,, OC,H,, 
OC,H,, OC,H,,, CN, C,H,,; k = 0, 1. 

2. Results and discussion 
4-Alkyl-3-chloro-(methyl)-biphenyl-4’-carboxylic acids (I) were obtained by 

acetylation of 4-alkyl-3-chloro-(methyl)biphenyls and then by oxidation of the result- 
ing ketones with alkali metal hypobromites. The phenols (IIa, b; 2 = OH) were 
synthesized by nitration of the corresponding biphenyls, by reduction of the nitro- 
compounds, by conversion of the amines into diazonium salts and then by their 
decomposition. The corresponding alkyloxy derivatives (IIc-h; Z = OC, H2,,,. , ) 
were obtained by further alkylation of the hydroxy compounds with alkylhalides in 
the presence of alkali. The biphenyls (111) were synthesized by hydrogenation of 
the reaction products of 4-alkyl-3-substituted-4’-magnesiumbromobiphenyls with 
4-alkylcyclohexanones. The esters (IV, V) were synthesized by reaction of the 
acid chlorides with 4-substituted phenols in the presence of pyridine. The nitrile 
(IIj; Z = CN) was obtained by treatment of the acid chloride (Ie; n = 7; X = Cl) 
with aqueous ammonia and then by dehydration of the amide of the acid in the 
presence of thionyl chloride. 

The composition and structure of the compounds (I-V) were confirmed by the 
results of elemental analysis and by infrared and proton NMR spectroscopy. Thus, 
in the proton NMR spectra, triplets at 2.58 ppm and at 3.43 ppni ( J  = 7 Hz) corre- 
spond to the signals from the hydrogen atoms in the a-methylene fragments of alkyl 
and alkyloxyl chains. The signals from the hydrogen atoms in the benzene rings are 
observed within the range 7.76-6.46 ppm. The infrared spectrum of compound (IIj) 
contains an intense band at 2230 cm- ’ corresponding to the stretching vibrations of 
the nitrile group. 

The correlation of the transition temperatures of the compounds with the corre- 
sponding parameters of the unsubstituted biphenyls and terphenyls [3] showed that 

Table 1 .  Electrooptic parameters for 4-n-pentyl-4’-cyanobiphenyl (A) and mixtures contain- 
ing 96 wt% of A and 4 wt% of one of the compounds (Ile-g). 

Liquid-crystalline Thrcshold Saturation 

A 0.98 1 4 7  
A + Ile 0.9 1 1 4 2  
A + IIf 0.85 1.21 
A + Irg 0.90 1.40 

material voltage V Voltage v 
~ - ~ 
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802 4-alkyl-3,4’-disubstituted biphenyls and terphenyls 

incorporation of a chloride or a methyl group into the aryl fragment is accompanied 
by a lowering of the clearing transition temperature and by a narrowing of the 
mesophase temperature range resulting in the disappearance of liquid-crystalline 
properties in 4-alkyl-3-chloro-4‘-alkyloxybiphenyls and 4-heptyl-3-chloro-4’-cyano- 
biphenyl (IIc-j). However, the absence of liquid-crystalline properties for these 
compounds does not mean that they cannot be used as components of liquid-crystalline 
mixtures. The investigation of the electrooptic and dynamic parameters of the 
mixtures containing biphenyl derivatives showed that after they were added to 
a liquid crystal material the threshold voltages and saturation voltages drop (see 
table 1). This might result from a weakening of the anisotropic molecular inter- 
actions which are responsible for orientational ordering in the nematic phase of 
4-n-pentyl-4’-cyanobiphenyl after the incorporation of these compounds. It should be 
noted that the liquid-crystalline mixtures have clearing temperatures 3-5°C lower and 
the viscosities do not strongly differ from the liquid crystal solvent. 

3. Experimental 
The infrared spectra of 0-1 M solutions of compounds in carbon tetrachloride 

were recorded with a SPECORD-IR 75 spectrophotometer. The proton NMR spectra 
of 10 per cent solutions in carbon tetrachloride and deuterochloroform with 
hexamethyldisiloxane as an internal standard were recorded with a TESLA BS-467 
(60 M Hz). The transition temperatures were determined with a polarizing microscope 
(preliminary investigations showed that the compounds form, in addition to the 
nematic phase, smectic A and C phases). The measurement of the electrooptic 
parameters of the materials was performed at room temperature in twisted nematic 
cells. 

4-alkyl-3-chloro(methyl)biphenyls were synthesized by the reaction of 3-phenyl-6- 
alkylcyclohex-2-enones with phosphorus pentachloride or methylmagnezium iodide 
and the aromatization of the products prepared. 4-Alkyl-3-chloro(methyl)biphenyl- 
4‘-carboxylic acids (la-e), 4-hydroxybiphenyls (Ila, b), trans-4-alkyl-cyclohexyl- 
biphenyls (I l l ) ,  4-alkyl-3-chloro(methyl)-4’-alkyloxybiphenyls and terphenyls ( I t ) ,  the 
esters (IV, V) were obtained using the corresponding procedures. The yields and 
transition temperatures are presented in table 2. 
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