This article was downloaded by: [Tomsk State University of Control
Systems and Radio]

On: 21 February 2013, At: 12:42

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

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Liquid Crystalline
4-Alkylamino-4'-
Cyanobiphenyls

J. Ruoliene # , P. Adomeris ? , A. Tubelyt ? , V.

Skauskas * & V. A. Grozhik ?

& Chemistry Department of Vilnius V. Kapsukas
University, 232006, Vilnius, Partizanu 24, USSR
Version of record first published: 14 Oct 2011.

To cite this article: J. Ruoliene , P. Adomernis , A. Tubelyt , V. Skauskas & V. A.
Grozhik (1981): Liquid Crystalline 4-Alkylamino-4'-Cyanobiphenyls, Molecular
Crystals and Liquid Crystals, 78:1, 211-216

To link to this article: http://dx.doi.org/10.1080/00268948108082157

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/
terms-and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, 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



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948108082157
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 12:42 21 February 2013

costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 12:42 21 February 2013

Mol. Cryst. Lig. Cryst., 1981, Vol. 78, pp. 211-216
0026-8941/81/7804-0211/806.50/0

© 1981 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Liquid Crystalline 4-Alkylamino-
4'-cyanobiphenyls

J. RUOLIENE, P. ADOMENAS, A. TUBELYTE, V. SESKAUSKAS, and
V. A. GROZHIK

Chemistry Department of Vilnius V. Kapsukas University, 232006, Vilnius,
Partizany 24, USSR

(Received March 3, 1981; in final form May 26, 1981)

A number of mesomorphic 4-alkylamino-4’-cyanobiphenyls were synthesized. These compounds
melt at higher temperatures and form nematic and smectic A state with higher thermal stability
than that of analogous 4-alkoxy-4'-cyanobiphenyls. 4-Octylamino-4’-cyanobiphenyl is character-
ized by a significantly higher dielectric anisotropy in comparison with its 4-octyloxy analogue, in
the nematic state, but not in the smectic state. Density data and refractometric indices of several 4
substituted 4-cyanobiphenyls are presented; refractometric data confirm higher polarizability of
4-alkylamino-4’-cyanobiphenyls as compared with their 4-alkoxy analogues.

A number of mesomorphic 4-alkylamino-4’-cyanobiphenyls were synthesized
and their transition temperatures were determined. Optical and dielectric
properties of some compounds were investigated.

INTRODUCTION

It is known from the literature'™ that the introduction of alkylamino group
into a molecule of polar liquid crystal instead of alkoxy group increases the
value of positive dielectric anisotropy, however little numerical data about the
properties of such compounds are available.

We have found that 4-alkylamino-4’-cyanobiphenyls form mesomorphic
state with higher thermal stability than that of analogous 4-alkoxy-4'-cyano-
biphenyls.® In order to compare the influence of alkylamino groups with that
of alkoxy groups on physical properties of polar liquid crystals, the dielectric,
optical anisotropy and viscosity of some compounds were measured.
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RESULTS AND DISCUSSION

The synthesis of 4-monoalkylamino-4’-cyanobiphenyls was performed ac-
cording to the scheme:

00 — OOw - O-Ow —

) (2)

~ OO — OO — DO,

G) 0] (5)

where R = C; — Cjo alkyl group.

The 4-formylbiphenyl () was obtained by an action of /,I-dichloromethyl-
butylether on biphenyl in the presence of titanium tetrachloride® and con-
verted into 4-cyanobiphenyl (2) by the action of hydroxylamine hydrochloride
in pyridine in the presence of acetic anhydride.” The nitration of (2) was per-
formed in acetic anhydride by the action of fuming nitric acid or the action of a
mixture of nitric and suiphur acids. In both cases the 4-nitro-4’-cyanobiphenyl
(3) was obtained with only 40-43% yield, the by-product of this reaction step
being 2-nitro-4’-cyanobiphenyl, which after hydrolysis yielded 2-nitro-biphenyl-
4’-carboxylic acid, described earlier.® The reduction of (3) was carried out ina
usual way (stannic chloride in the mixture of hydrogen hydrochloride and
acetic acid or iron powder in hydrogen hydrochloride); the 4-amino-4’-cya-
nobiphenyl (4) was isolated with 70% yield. The alkylation reaction was car-
ried out in boiling iso-propyl alcohol with alkyl bromides in the presence of
sodium iso-propylate. Both initial compound (4) and products of dialkylation
were always present in the reaction mixture, so the desired 4-alkylamino-4'-
cyanobiphenyls (5) could be isolated and purified only by means of column
chromatography on alumina.

4-(N-Octyl-N-methylamino)-4'-cyanobiphenyl (6h) was obtained by methyl-
ation of 4-octylamino-4'-cyanobiphenyl! (5h):

CHNHOHOHN — CHNOHOMN

(5k) CHy  (6h)

The microanalysis data and transition temperatures of obtained com-
pounds are presented in Table 1.

As is seen from Table I, 4-alkylamino-4’-cyanobiphenyls exhibit higher
temperatures of transition to the isotropic state than the corresponding 4-
alkoxy-4’-cyanobiphenyls® and considerably higher melting points; as a re-
sult, most of obtained compounds are only monotropic ones. A smectic A
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TABLE I
4-Alkylamino-4'-cyanobiphenyls, C,Hzn1 —N(R)—Cs Hi—CsHi—CN

Found, % Calculated, % Transition temp., °C
Nr nR C H N C H N C Sm N 1
Sa 1H 806 59 135 807 58 134 1965 — -
5b 2H 81.1 63 125 B8l.0 63 126 1650 — —_
5¢ 3H 794 6.6 121 813 68 119 1055 — ("100.5)
5d 4 H 81.1 67 110 816 72 112 1135 — ('98.5)
Se 5H 816 74 105 818 76 106 ‘86.5 — '89.5
81.5°
5f 6 H 813 79 100 820 79 100 1055 - ('96.0)
5¢g TH 81.7 8.1 9.6 822 82 9.6 ‘92,5 — ('719.5)
Sh 8 H 824 8.6 9.2 823 86 9.1 ‘68.0 ‘82,0 ‘92.0
5i 9H 824 88 88 825 88 8.7 '84.0 ‘84.5 ‘87.5
5j 10 H 827 89 83 826 90 8.4 ‘84.0 ‘86.0 ‘94.5
6h 8 CH; 822 83 89 825 87 88 ‘'97.0 — ('74.0)

® Intersolid phase transition.

mesophase is formed in compounds (5) beginning from the 4-octylamino de-
rivative. The type of smectic mesophase was determined by the miscibility
with 4-octyloxy-4’-cyanobiphenyl test. The introduction of the second small
alkyl (methyl) radical to the nitrogen atom decreases the thermal stability of
mesophase by 18° while the melting point increases (compound Nr. 6h in
Table I). An analogous decrease of the thermal stability of mesophase caused
by introduction of the second alkyl radical was observed in 4-alkylaminobenzoic
acids.*

The kinematic viscosities of 4-alkylamino-4’-cyanobiphenyls are higher
than that of 4-alkoxy-4’-cyanobiphenyls (Table II).

TABLE 11

The kinematic viscosity (1) of 4-substituted-4'-
cyanobiphenyls, Cs Hj;—X—Cs Hi—Cs Hi—CN

X = —NH— X =—0—

Temp., °K n, cSt Phase n, ¢St Phase

368 7.0 Isotr. 34 Isotr.
365 7.5 3.7

363 8.0 39

358 8.0 Nemat. 4.3

355 8.6 4.7

353 — Smect. 52

348 — 5.0 Nemat.
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The dielectric permittivities (e, and ) and dielectric anisotropy (Ae) of 4-
octylamino-4’-cyanobiphenyl are presented in Table III and compared with
those of 4-octyloxy-4’-cyanobiphenyl. As is seen from Table 11, 4-alkylamino-
4'-cyanobiphenyl is characterized by a significantly higher dielectric aniso-
tropy in the nematic state than its 4-alkoxy analogue. There is the opposite
situation in the smectic state: almost zero dielectric anisotropy indicating al-
most ideal antiparallel orientation of neighboring molecules is characteristic
to the alkylamino derivative and the values of the dielectric permittivities close
to the ones obtained in the nematic state in the case of alkoxy derivative. We
don’t know what is the nature of this striking difference in the dielectric an-
isotropies in the smectic state between the classes of compounds of close struc-
ture, especially taking into consideration that the enthalpy of Sm A — Ntran-
sition in both cases has the values that are almost equal and less than 0.02
kcal/mole.

Density and refractometric data (corresponding to the wavelength 632,8 nm)
for the homologous 4-alkylamino-4'-cyanobiphenyls, compared with those of
4-pentyloxy-4'-cyanobiphenyl, are presented in Table IV.

Refractometric data confirm higher polarizability of 4-alkylamino-4'-
cyanobiphenyls to compare with their 4-alkoxy analogues.

EXPERIMENTAL

The transition temperatures were measured on the differential scanning calo-
rimeter Perkin-Elmer DSC-2. Viscosities were measured by the capillary
method, dielectric permittivity values were obtained in samples oriented by 6.4
kOe magnetic field. Refraction indices were measured according to’ and cor-

TABLE III

The low-frequency (10 kHz) dielectric permittivities of 4-substituted-4’-cyanobiphenyls,
CsHyp—X—CsHi—CsHi—CN

T X = —NH— X=—0—
T TvrK €) €@ Ae Phase € € Ae Phase
1.02 149 — — Isotr. 9.8 — — Isotr.
1.01 148 — —_ 9.6 —_ —
0.99 238 9.6 14.2 Nemat. 13.7 6.6 7.1 Nemat.
0.98 24.7 8.9 158 139 6.3 7.6
0.97 3.03 2.88 0.15 Smect. 14.0 6.1 79
0.96 2.88 2.78 0.10 12.7 5.8 6.9 Smect.
095 2.77 2.72 0.05 12.6 5.7 6.9
0.94 2.70 2.68 0.02 12,6 57 6.9
093 2.46 — —_ Solid. 12.5 5.6 6.9

092 243 —  — 206 — —  Solid.
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TABLE 1V

Refractometric indices and density of 4-substituted-4'-cyanobiphenyls,
Cn H2n+l—x—C6 H4—C5 HA—CN

T°K
n —X— Tr= oK ne Mis no p, g/ccm
5 —0— 1.01 1.599 1.029
0.99 1.669 1.548 1.034
0.98 1.687 1.538 1.036
0.97 1.698 1.532 1.041
0.96 1.704 1.528 1.047
5 —NH— 1.01 1.647 1.017
0.99 1.758 1.584 1.029
0.98 1.773 1.576 1.032
0.97 1.783 1.570 1.034
0.96 1.793 1.566 1.037
7 —NH— 1.01 1.626 0.994
0.99 1.726 1.567 1.004
0.98 1.739 1.561 1.007
0.97 1.750 1.555 1.010
0.96 1.759 1.551 1.013
8 —NH— 1.01 1.611 0.985
0.99 1.717 1.559 0.995
0.98 1.733 1.553 0.997
0.97 1.745 1.549 1.000
0.96 1.755 1.544 1.004
9 —NH— 1.01 1.605 0.974
0.99 1.698 1.553 0.983
0.98 1.713 1.547 0.986
0.97 1.725 1.541 0.989
0.96 1.735 1.536 0.992

respond to the wavelength 632.8 nm. Densities were measured in a two-capil-
lary picnometer.

4-Nitro-4’-cyanobiphenyl. 4-Cyanobiphenyl (0.2 mole) was dissolved in
acetic anhydride (200 ccm), cooled to 0°C. Fuming nitric acid (84 ccm,
di® = 1.50) was added dropwise under stirring and maintaining the tempera-
ture at 0-20°C, after that the reaction mixture was stirred for 20 min at room
temperature and poured into cold water. The precipitate was filtered off and
crystallized from a propyl alcohol and acetone mixture (I:1), yielding 19.3 g
(43%) of bright-yellow product with m.p.200-I°C.
Found, %: N 12.49. C;3HsN,O0,. Calcd., %: N 12.64.

4-Amino-4'-cyanobiphenyl. Concentrated hydrochloric acid (90 ccm) and
stannic chloride (0.4 mole) were added t~ 4-nitro-4’-cyanobiphenyl, dissolved
in 300 ccm iso-propyl alcohol. The mixture was heated under reflux for 10
min, cooled, made alkaline by adding concentrated solution of potassium hy-
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droxide, extracted with benzene. The solvent was evaporated, the residue was
crystallized from iso-propyl alcohol. 13.6 g (yield 70%) of product with m.p.
186-8°C was obtained.

Anal. calcd. for CisH oN2: N%, 14.42. Found: N%, 14.56.

4-Alkylamino-4'-cyanobiphenyls. 4-Amino-4'-cyanobiphenyl (0.021 mole)and
the appropriate n-alkyl bromide (0.031 mole) were added to the solution of
sodium iso-propylate obtained from sodium (0.021 mole) and 15 ccm iso-
propyl alcohol. The mixture was heated under reflux for 10 hours, poured into
water, extracted with benzene. The solvent was evaporated, the residue was
fractionated by column chromatography on alumina, using diethyl ether-
hexane mixture (1:2) as eluent. The first product, eluted from the column, was
4-(N,N-dialkylamino)-4'-cyanobiphenyl (Ry = 0.84), the next one was 4-(N-
alkylamino)-4’-cyanobiphenyl (R; = 0.68). This fraction was collected, evap-
orated and crystallized from iso-propyl alcohol. The yield of colorless or light
yellowish product was 20-30%.

4-(N-Octyl-N-methylamino)-4'-cyanobiphenyl. The alkylation of 4-N-octyl-
amino-4’-cyanobiphenyl with methyl iodide was carried out in the way analo-
gous to the alkylation of 4-amino-4’-cyanobiphenyl. The product was purified
by column chromatography (the fraction with R,= 0.84) and crystallized
from iso-propy! alcohol, yield 68%.
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