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[57] ABSTRACT

A group of novel, low temperature liquid crystalline
compounds with terminal, primary or secondary amino
polar electron donating groups are disclosed. These
include, for example, p-alkyl-or alkoxy-phenylcy-
clohexanes, bicyclohexyls or biphenyl ring systems,

- substituted at the p’ position with alkyl primary or sec-

ondary amines, of which one example is p-(4-trans-n-
pentylcyclohexyl)benzylamine.

14 Claims, No Drawings
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AMINE-SUBSTITUTED LIQUID CRYSTAL‘k -
COMPOSITIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is concerned with a novel class of
liquid crystalline:amines which exhibit low temperature
liquid crystalline phases.

2. Description of the Prior Art

Liquid crystals are organic compounds whlch exhibit
certain of the properties of conventional liquids and
certain of the properties of conventional crystals. De-
tailed discussions of the types of liquid crystalline pha-
ses and their applicability to optical display devices may
be found, for example, in A. R. Kmetz, and F. K. von
Willisen, editors, “Non-Emissive Electrooptic Dis-
plays”, Plenum Press, New York (1976). Desirable fea-
tures of liquid crystals to be used in electro-optical
display devices are stability, room temperature nematic
liquid crystalline phases and a wide nematic range.

It has generally been thought that amino functionali-
ties placed at or near the end of a potential liquid crys-
talline molecule do not allow for the existence of liquid
crystalline properties. Three exceptxons to this general
rule are known.

The first exception occurs when an mtramolecular
hydrogen bond exists in the molecule as in Formula 1
below:

(‘)._
+N=0
A

\H
Vs
O;N N
d H

Formula 1

In contrast, intermolecular hydrogen bonding (typical
of terminal amino substituted compounds) has been
postulated to promote a non-linear molecular array
detrimental to liquid crystalline phases.

The second exception is based on electron donation
by (OH) or (NH3) groups which may promote polar
resonance contributors in a molecule. This increases
intermolecular attractions and thus promotes a liquid
crystalline phase. A molecule such as Formula 2 is capa-
ble of such resonance.

OO

Formula 2
Y, Z = OH or NH;

The third exception occurs when the amine is incor-
porated into a largely con_)ugated rodhke molecule,
such as Formula 4.

R—CH=N—©» CH;—NH

Formula 4
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In such molecules other favorable structural factors
may outweigh the possible deleterious effects of hydro-
gen bonding. The foregoing characterizations of the
“general rule” and the exceptions thereto are based on:

P. Culling, G. W. Gray and D. Lewis, J. Chem. Soc.
2699 (1960);

D. C. Schroeder and J. P. Schroeder, J. Am. Chem.
Soc. 96, 4347 (1974);

D. C. Schroeder and J. P. Schroeder, J. Org. Chem.
41, 2566 (1976);

M. J. S. Dewar and R. S. Goldberg, J. Org. Chem. 35,
2711 (1970);

“Fliissige Kristalle in Tabellen”, VEB Deutscher
Verlag fiir Grundstoffindustrie, Leipzig, 1974, pp.
88-89.

Notwithstanding the foregomg contramdxcatlons, the
general objective of the present invention is to provide
a low temperature liquid crystalline structure with ter-
minal, prithary or secondary amino polar electron do-
nating groups.

A more specific object of this invention is to provide
mesophasic amine terminal derivatives containing the
phenylcyclohexane bicyclohexy! or biphenyl ring sys-
tems.

An additional object of this invention is to provide
stable, nematic type liquid crystal compositions of in-
creased nematic range which exhibit room temperature
nematic phases. Such compositions are of use in electro-
optical display devices.

BRIEF SUMMARY OF THE INVENTION

The objects of this invention are realized by a novel
class of liquid crystalline amines comprising p-alky! or
alkoxy (up to 10 carbons), palkyl (up to 10 carbons)
amine or methanamine phenylcyclohexyl, biphenyl, or
bicyclohexyl ring systems. Compounds of this composi-
tion when mixed in appropriate mixture with trans-1,4-
substituted cyclohexylbenzonitriles, 4-n-alkyl-(or alkox-
y)-4’-cyanobiphenyls, or mixtures thereof, provide ne-
matic liquid crystalline phases of widened mesogenic
range. '

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED
EMBODIMENTS

The present invention comprises compounds>which
have low temperature liquid crystal phases and which
are represented by the following formulas:

o@o_i=z+

Formula 3
Formula 5

0

Formula 6
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-continued
Formula 8
Rl @ @ CHZ—NHZ
Formula 9
Rl @ @ CHZ—T—RZ |
- H
FormulalQ
N @ @ II\I_RZ
H
Formula 11
R; CH;NH;
Formula 12
R CHZ—'Il\I'—RZ
H
Formula 13
R; N—R;
H

where R is an alky! or alkoxy group having 1-10 car-
bon atoms, and where R; is an alkyl group of 1-10
cabon atoms. Generally, R is selected so that the com-
pounds of formulas 5-13 are liquid crystal slightly be-
low, at, or slightly above room temperature. For exam-
ple, Formula 5 with R1=Cs exhibits a smectic phase on
cooling between 9° and 0°. (All temperatures centi-
grade.) Formula 5 with R;=C5 exhibits a smectic phase
between 15° and 26°. Formula 6 with R1=C7 and
R;=C, exhibits a nematic phase between —1° and 2°,
Formula 8 with R;=Cs exhibits a smectic phase on
cooling between 63° and 56°. Formula 10 with R1=C5
and R;=C4 exhibits a smectic phase between 45° and
78°. In general, electro-optical devices are preferably
operated from below room temperature to somewhat
elevated temperatures, for example, —5° to +100°.
Thus, it has been found that many compounds of formu-
las 5-13, where R and R; are lower alkyls, satisfy this
criteria.

It has also been found that mixtures of appropriate
composition of compounds of the formulas 5-13 with
liquid crystal compounds of the formulas p-(trans-4-n-
alkyl-(or alkoxy-)cyclohexyl) benzonitrile (Formula 14)
or 4-n-alkyl-(or alkoxy-)-4'-cyanobiphenyl (Formula
15) produce eutectics having substantially lower, higher
or broadened effective nematic temperature ranges than
would be expected.

Formula 14

C=N

(O)e=v

(R3and Ry are alkyl or alkoxy groups having 1-10 car-
bon atoms.)

For example, a composition consisting of 14% by
weight Formula 5 (R1=Cs) in 2 commercially available
eutectic mixture of Formula 14 (R3=C3, Csand C7) had

Formula 15
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a nematic range from below —30° to 64°. The commer-
cial eutectic was nematic between —6° and 70°. -

Also, a composition consisting of 4% by weight For-
mula 10 (R1=Cs, Ry=C4) in Formula 15 (R4=Cs)
showed a nematic phase between 12° and 39°. Formula
15 (R4=Cs) showed a nematic phase between 24° and
35°.

It has also been shown that the non-liquid crystalline
p-(trans-4-n-alkyl-(or alkoxy-)cyclohexyl) anilines (For-
mula 16) when mixed in appropriate composition with
Formulas 14 or 15 exhibit widened nematic phases.

Formula 16

R3 NH>

{R3 as above.)

For example, at compositions of 3-25 weight % For-
mula 16, (R3=C3) in Formula 14 (R3=Cs), both low-
ered crystal to nematic and elevated nematic to iso-
tropic points are observed.

Synthesis

Compounds of this invention have been prepared by
the following procedures.

Compounds of Formulas 5 and 8 have been prepared
by reduction of commercially available compounds of
Formulas 14 and 15 with lithium aluminum hydride
(LAH). Formula 16 compounds were prepared by the
sequence shown below, from Formula 14.

R3

—., KOH
C=N B>

Formula 14
(8]
ll Brz/NaOMe
R3 C—NH; HMCOH
]
R3 ll\J—C—OCH3
H
KOH
EtOH
R3 NH;
Formula 16

Formula 10 compound may be prepared from For-
mula 15 compound by the following sequence.

— KOH

Formula 15
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-continued

: o ,
Al Br/NaOM
5
]
H
o)
’ R y: ca
i
R4 @ @ IN—C_(RZ_I)
H
\LLAH
Ry N—R;
| 25
H

Formula 10 .

10
15

20

where all R’s are alkyl or alkoxy groups containing 1-10
carbon atoms, with the exception of Rz which are alky! 30
groups of 1-10 carbon atoms. In the reactions involving

an alkyl chioride, the designation Rj-1 for the alkyl
group is used to indicate that 1 less carbon atom exists in
this alkyl chain than in the R; group resulting from the
LAH reduction. Formulas 6 and 9 may be prepared 35
from Formulas 5 and 8 by the following sequence:

(o]
R g Cl
RICHZ_NHZ >

6

mg (80%) of the benzylamine, :B.P. ~135° (0.1 mm)
K-I, 27¢, LR. (cm—1) 3300, 3250, 3010, 2900, 1600.
- Cooling: Phase transitions: I-S (isotropic to smectic)
9% S-K (smectic-crystalline solid) 0°.

Anal. Cale. for C1gHpN: C, 83.32, H, 11.27, N, 5.40;
C, 83.22, H, 11.40, N, 5.46.

Hydrochloride Salt, Calc. for Ci3H30NCl: C, 73.06,

H, 10.22, N, 4.73; Found: C, 73.18, H, 10.20, N, 4.76.

- EXAMPLE 2
p-(trans-4-n-Pentylcyclohexyl)benzamide

A 3.09 g (12 mmol) sample of Formula 14, R3=Cs
was refluxed overnight with 4.0 g (70 mmol) of potas-
sium hydroxide in 60 ml ethanol with 20 ml water. The
copious white precipitate was suction collected and air
dried. Yield, 2.9 g (88%); m.p. 234°-5°% LR. (cm—1)
3300, 3010, 2970, 2950, 1640.

Anal. Calc. for CisH27NO: C, 79.06, H, 9.96, N, 5.12;
Found: C, 79.36, H, 10.04, N, 5.07.

Methyl-p-(trans-4-n-pentylcyclohexyl)phenylcarba-
mate

A 1 liter flask with condenser and drying tube was
charged with 400 ml dry methanol. Sodium chunks (~4
g, 0.16 mol) were added and the solution stirred until
the sodium had dissolved. The solution was cooled to
room temperature and 1.5 g (5.5 mmol) of amide was
added. To the resulting slurry bromine (~2 ml) was
added with rapid stirring. The bromine instantly decol-
orized, the amide dissolved, and a mild exotherm en-
sued. The solution was gently warmed for 4 hours and
the methanol removed. The residue was stirred with
200 ml of water and the precipitated solid suction col-
lected. Yield, crude carbamate 1.6 g (94%), m.p.
105°-10°, Recrystallization from methanol gave 1.3 g of
pure material m.p. 111°-112° LR. (cm—1) 3250, 2950,

(o]
i
H H
Or

Formula 8 Formula 9
Or Or
]
R1—O—@—CH2—NH2 Rl—O—@—CHZ—II\I—C—Rz_, RI;O_@_CHZ—I;J—RZ
H H
Formula 5 Formula 6
The following examples are given by way of further
illustration of the present invention and are not intended 1700. 1590
) .

to limit the scope of the present invention beyond that
of the subjoined claims. All parts and percentages are
parts and percentages by weight, not volume, unless
otherwise noted. o 55

EXAMPLE 1

p-(4-trans-n-Pentylcyclohexyl)benzylamine (Formula 5,
Ri=Cs) o

A 100 ml oven dried three neck flask was charged
under nitrogen with 1.0 g (4 mmol) of the nitrile precur-
sor, 50 ml of dry diethyl ether and 1.0 g (26 mmol) of
LAH. The solution was stirred overnight under nitro-
gen, after which the excess LAH was decomposed by
cautious addition of water until a white precipitate
formed. The precipitate was filtered off and the filtrate
dried over sodium sulfate. The ether was distilled off
and the liquid residue vacuum distilled yielding ~ 800

60

65

Anal. Calc. for C19H9NOa: C, 75.20, H, 9.63, N, 4.62;
Found: C, 75.15, H, 9.83, N, 4.67.

- p-(trans-4-n-Heptylcyclohexyl)aniline (Formula 16,

R3=Cy)

A 0.512 g (1.55 mmol) sample of the carbamate was
refluxed in 20% aqueous ethanol (40 ml) with potassium
hydroxide (10 g) under ‘nitrogen. After 24 hours the
ethanol was removed and the residue taken up in 50 ml
of water. The solution was extracted with three 10 ml
ether portions and the combined extracts dried over
sodium sulfate. The ether was removed and the residue
vacuum distilled yielding 0.348 g (82%) of liquid which
solidified on standing. B.P. ~140° (0.1 mm), m.p. K-I
55.8% LR. (cm—1) 3420, 3350, 3250, 3050, 2950, 1630.

Anal. Calc. for CigH3N: C, 83.45, H, 11.43, N, 5.12;
Found: C, 83.76, H, 11.18, N, 5.09.
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The foregoing examples demonstrate typical charac-
teristics and methods of synthesis of compositions of the
present invention. To the extent alkyls up to Cip and
alkoxies have not been specifically exemplified, their
characteristics are postulated from knowledge of other
similar liquid crystal systems and the analogous behav-
iors of similarly substituted alkyls and alkoxies therein.

We claim: .

1. A liquid crystalline composition comprising at least
two liquid crystalline compounds including one or
more liquid crystal compounds from the group consist-
ing of:

Formula 5
Formula 6
Rl—O—@—CHz—YI‘I—Rz
H
Formula 8
Formula 9
H
Formula 10
H
Formula 11
Formula 12
H
Formula 13

T—

where R is an alkyl or alkoxy group having 1-10 car-
bon atoms, and where R; is an alkyl group of 1-10
carbon atoms.

2. A liquid crystalline composition comprising a mis-
cible mixture of a first liquid crystal compound as re-
cited in claim 1 and a second liquid crystal compound
from the group consisting of p-(trans-4-n-alkyl-(or al-
koxy-)cyclohexyl) benzonitriles, the alky! and alkoxy
groups having 1-10 carbon atoms, (Formula 14) and
4-n-alkyl-(or alkoxy-)-4’-cyanobiphenyls, the alkyl and
alkoxy groups having 1-10 carbon atoms (Formula 15).

3. A liquid crystalline composition as recited in claim
2 in which the first liquid crystalline compound is pres-
ent in an amount sufficient to broaden the mesogenic
range of the second nematic liquid crystal compound.

4. A liquid crystalline composition as recited in claim
3 in which the first liquid crystal compound consists of
p-(trans-4-n-alkyl-(or alkoxy-)cyclohexyl) benzylamine,
the alkyl and alkoxy groups having 1-10 carbon atoms
(Formula 5).

5. A liquid crystalline composition as recited in claim
3 in which the first liquid crystal compound consists of
N-alkyl-p-(4-n-alkyl-(or alkoxy-)cyclohexyl) benzyl-
amine, the alkyl or alkoxy groups having 1-10 carbon
atoms (Formula 6). :
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6. A liquid crystalline composition as recited in claim
3 in which the first liquid crystal compound consists of
4-n-alkyl-(or alkoxy-)-4'-biphenylmethanamine, the
alkyl or alkoxy groups having 1-10 carbon atoms (For-
mula 8).

7. A liquid crystalline composition as recited in claim
3 in which the first liquid crystal compound consists of
N-alkyl-4-n-alkyl-(or alkoxy-)-4'-biphenylmethanamine,
the alkyl or alkoxy groups having 1-10 carbon atoms
(Formula 9).

8. A liquid crystalline composition as recited in claim
3 in which the first liquid crystal compound consists of
N-alkyl-4-n-alkyl-(or alkoxy-)-4'-biphenylamine the
alkyl or alkoxy groups having 1-10 carbon atoms (For-
mula 10).

9. A liquid crystalline composition as recited in claim
3 in which the first liquid crystal compound consists of
4-n-alkyl-(or alkoxy-)-trans,trans-4'-bicyclohexyl -me-
thanamine, the alkyl or alkoxy groups having 1-10 car-
bon atoms (Formula 11).

10. A liquid crystalline composition as recited in
claim 3 in which the first liquid crystal compound con-
sists of N-alkyl-4-n-alkyl-(or alkoxy-)-trans, trans-4'-
bicyclohexyl methanamine, the alkyl or alkoxy groups
having 1-10 carbon atoms (Formula 12).

11. A liquid crystalline composition as recited in
claim 3 in which the first liquid crystal compound con-
sists of N-alkyl-4-n-alkyl-(or alkoxy-)-trans, trans-4'-
bicyclohexyl amine, the alkyl or alkoxy groups having
1-10 carbon atoms (Formula 13).

12. A liquid crystalline composition consisting of a
miscible mixture of:

(a) A first material consisting of p-(trans-4-n-alkyl(or

alkoxy-)cyclohexyl) aniline (Formula 16); and

(b) A second liquid crystalline material consisting of
p-(trans-4-n-alkyl-(or alkoxy-)cyclohexyl) benzoni-
trile, the alkyl or alkoxy groups having 1-10 car-
bon atoms (Formula 14) or 4-n-alkyl-(or alkoxy-)-
4’-cyanobiphenyls (Formula 15), the first material
being present in an amount sufficient to broaden
the mesogenic range of the second liquid crystal-
line material.

13. A liquid crystalline composition consisting of a

miscible mixture of:

(a) A first liquid crystalline material consisting of
p-(trans-4-n-alkyl-(or alkoxy-)cyclohexyl) benzyl-
amine (Formula 5); and

(b) A second liquid crystalline material consisting of
a eutectic mixture of p-(trans-4-n-alkyl-(or alkoxy-
Jeyclohexyl) benzonitriles, the alkyl or alkoxy
groups having 1-10 carbon atoms (Formula 14),
the first liquid crystalline material being present in
an amount sufficient to broaden the mesogenic
range of the second liquid crystalline material.

14. An electro-optical device comprising two elec-
trodes, one of which is transparent and between which
is disposed a nematic liquid crystal film wherein said
nematic liquid crystal film is adapted to be subjected to
an electric field to cause rearrangement of the nematic
liquid crystal orientation, and wherein also said nematic
liquid crystal film is composed of a composition recited

in any one of claims 1 to 5 and 7 to 14.
: * . ok ok ok ok
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