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A number of novel liquid crystals have been synthesized. 2-Phenylquinolines
with alkyl or alkoxyl substituents in positions 6 and 4’ show a texture typical of
nematic mesophases and are characterized by a greater thermal stability than
Schiff bases bearing the same substituents. The possibility of lowering the melting
temperatures by means of eutectic mixtures is discussed.

1. Introduction

We have shown [1] that N-benzylideneanilines (Schiff’s bases) (1) react with
peroxides in the presence of monosubstituted acetylenes to give 4-substituted 2-phenyl-
quinolines (3) in high yields, via the intermediacy of arylimidoyl radicals (2). When
the acetylene is ethyl propiolate, hydrolysis and decarboxylation afford 2-phenyl-
quinolines (4) (scheme 1). Since Schiff’s bases containing appropriate substituents at
positions 4 and 4’ are a well-known class of commercially available thermotropic
liquid crystals, this reaction would be, in principle, a very convenient way of obtaining
the corresponding substituted 2-phenylquinolines, for which liquid-crystalline behav-
iour would also be expected. However only a few examples of mesomorphic phenyl-
quinolines are known [2, 3].

By repeating the reaction with N-(p-ethoxybenzylidene)-p-n-butylaniline (5) and
ethylpropiolate, two isomeric compounds were obtained, i.e. 2-( p-ethoxyphenyl)-6-n-
butylquinoline (7) and 2-(p-ethoxyphenyl)-7-n-butylquinoline (9). The former, as
expected, showed liquid-crystalline properties, while the latter melted directly to an
isotropic liquid. A rationale for this result was given in a subsequent paper [4] where
evidence was provided that the vinyl radical (6), formed by attack of the intermediate
imidoyl radical to the alkyne, further reacts by giving both intramolecular homolitic
aromatic substitution on the phenyl ring linked to the iminic nitrogen (path a), or an
ipso cyclization followed by a rearrangement via cleavage of the C—N bond of the
intermediate spirocyclohexadienyl radical (8) (path b, scheme 2). The latter route,
leading to the 7-substituted quinolines, is favoured by a factor ranging from 1-3 to 3:4
depending on the substituent X; thus, high yields of 6-substituted 2-arylquinolines
cannot be obtained using this reaction. Moreover, the two isomeric quinolines are not
easily separated from their mixture.

However, since quinoline (7) prepared with this method showed liquid-crystalline
behaviour, we attempted to synthesize other substituted 2-arylquinolines by using
different reactions in order to explore the properties of these novel liquid crystals,
which are potentially useful for many practical applications. Quinolines in fact do not
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Scheme 2. Reagents: (i) DPDC, HC=C-COOEFt; (ii) H,0", A.

suffer the two main disadvantages of Schiff’s bases, i.e. the photolability and that of
undergoing easy hydrolysis when exposed to air.

2. Results and discussion

The majority of substituted quinolines were prepared by decarboxylation of the
corresponding carboxylic acids (13), synthesized by reacting the appropriate substi-
tuted anilines (10) and benzaldehydes (11) with piruvic acid (12) [S, 6] (scheme 3).
2-Aryl-6-cyanoquinolines (18) were prepared by reaction of 2-aryl-6-bromoquinolines
(17) with copper(I) cyanide; the latter were obtained by decarboxylation of the car-
boxylic acids (16), synthesized by reacting 5-bromoisatin (14) with the appropriate
substituted acetophenone (15) {7, 8] (scheme 4).

The 6-substituted 2-arylquinolines prepared are reported in table 1 together with
their melting (77) and clearing (Ty,) temperatures as well as the enthalpy of fusion
(AH,), determined by differential scanning calorimetry. 2-( p-Ethylphenyl)-6-ethoxy-
quinoline (22) metted to an isotropic liquid at 139°C; however, a monotropic transition
was observed at 109°C by supercooling the isotropic liquid. All quinolines above their
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melting points exhibit the texture characteristic of a nematic mesophase when examined
under a polarizing microscope [9]. By lowering the temperature this texture was
observed until crystallization took place for compounds (19)—-(24) and (26). With
compounds (25) and (27) a second transition (a monotropic nematic to smectic
transition) was detected at 76°C and 144°C, respectively. The nature of these smectic
mesophases was not investigated.

It is worth noting that none of the 2,6-disubstituted quinoline-4-carboxylic acids,
from which quinolines (19)-(27) were cbtained by decarboxylation, showed liquid-
crystalline behaviour. This may be due simply to steric reasons, as the presence of the
carboxyl group prevents the molecules from achieving good alignment, or it may be
the result of association of two carboxylic groups to give dimers where molecular
linearity is completely lost [10].

The nematic ranges of the 2-arylquinolines and the known Schiff’s bases containing
the same substituents are shown in the figure. For the quinolines both the melting
point and the nematic isotropic transition are higher, while the nematic ranges are
fairly similar for the two series. The nematic—isotropic transition temperature is
generally used as an index of the thermal stability of nematic mesophases [10]. The
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Melting points and nematic-isotropic transition temperatures together with the enthalpy of
fusion of 6-substituted 2-arylquinolines.
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Compound A A’ T;/°C Tn/°C AH;/kJmol '¥
19 Bu” OMe 96 100 209
20 Bu” OEt 93 124 247
21 Bu” OBY” 89 118 259
22 OFt Et 139 (1091 23-8
23 OBuY” Et 94 100 23-0
24 OBuY” Bu” 77 112 17-2
25 OBY" Am” 77§ 118 259
26 CN OMe 187 188 28-4
27 CN OE!t 150 189 263

1 Estimated error ca 10 per cent.

I Monotropic transition,

§ Smectic—nematic monotropic transition at 76°C.
| Smectic—nematic monotropic transition at 144°C.
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Nematic ranges of quinolines (19)—(27) (===m=]) and of the corresponding Schiff's bases
{31 (C——D. (a) monotropic transition.
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results in the figure therefore indicate that 2-arylquinolines give rise to nematic phases
characterized by a greater thermal stability than the Schiff’s bases. This is in accord
with expectations since, by replacing the central group N = CH with the closed ring
of quinoline, the core rigidity of the nematogenic compound is increased.

The mesomorphic properties of 2-phenylquinolines may also be compared with
those of liquid-crystalline 2-phenylnaphthalenes whose preparation has been described
by two groups of authors [11, 12]. Disappointingly, all of the 2-phenylnaphthalenes
reported have substituents either different from those of the presently investigated
2-phenylquinolines or, when they are the same, in different positions. If we choose
substrates containing the same substituents, comparison can be made between quino-
lines (26) and (27) exhibiting nematic mesophases in the temperature range 187-188°C
and 150-189°C respectively, and 2-(4’-cyanophenyl)-6-methoxynaphthalene and
2-(4'-cyanophenyl)-6-ethoxynaphthalene which are mesomorphic between 138 and
184°C and between 129 and 185°C respectively. From the similarity of the Ty, values
it would seem that 2-phenylquinolines show comparable nematic thermal stabilities,
albeit with reduced nematic ranges, to those of the 2-phenylnaphthalenes.

A convenient way of reducing the melting temperature of liquid crystals, and at
the same time increasing the nematic range, is to make use of eutectic mixtures of
structurally similar nematogens. Since the experimental determination of the eutectic
composition for more than two nematogens is impractical, we have made use of the
method proposed by Raynes et al. [13] based on an extension of the Schroder-van
Laar equation [14]). Accordingly, the thermal behaviour of a mixture of N components
is described by N simultaneous equations, one for each component, of the form

AH (1 1
lnxj = R (ﬁ_TF>’ ¢))

which, when solved with the condition

N
XX =1
j=1

provides the mole fraction x; of component j and the melting temperature of the
eutectic mixture 77, as function of the latent heat of melting AH{ and the melting
point T{ of the pure component j. Once the composition of the eutectic is known the
nematic—isotropic transition temperature Ty, can also be calculated by means of
equation (2),

N
N= Z} ijrju, 2
iz
where T}, is the nematic-isotropic transition temperature of the pure component ;.
The simultaneous equations (1) have been solved by trial and error for the mixture
of quinolines (19), (20) and (21). By using the data in the table, we obtained
x5 = 036, x,0 = 0:32, x,, = 0:32, ITf = 48°C and Ty, = 113°C. The experimental
melting and clearing points of this mixture were measured as 52°C and 112°C
respectively, in good agreement with the predicted values, with a liquid-crystalline
range of 60°C.

In conclusion, 6-substituted 2-arylquinolines represent an interesting new class of
liquid crystals characterized by a good chemical stability, relatively low melting
temperatures and large nematic ranges which might find useful applications as oriented
solvents for physico-chemical studies and perhaps also in electro-optic devices.
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3. Experimental

Experimental details on the preparation of the nine substituted 2-phenylquinolines
are deposited as supplementary material with the British Library Document Supply
Centre. Copies of these details which comprise 11 pages may be obtained from the
British Library according to the procedure described at the end of the Journal and by
quoting the number SUP 16504. We report here synthetic details for two typical
members, i.e. 2-( p-anisyl)-6-n-butylquinoline (19) and 2-( p-anisyl)-6-cyanoquinoline
(26).

3.1. 2-( p-Anisyl)-6-n-butylquinoline-4-carboxylic acid (13 a)

According to the procedure described by Doebner [5], p-n-butylaniline (7-5g,
50 mmol) and p-anisaldehyde (6-8 g, 50 mmol) were refluxed for 4 hours with piruvic
acid (4-4g, 50 mmol) in absolute ethanol (100 mi). The solvent was removed under
vacuum and the residue, washed with light petroleum (70-120) and diethylether, was
recrystallized from ethanol (9-2 g, 55 per cent); m.p. 162-165°C, m/z 335 (M™*, 100),
292 (82), 249 (13), 248 (10), 204 (10) (found: C, 74-82; H, 6:35; N, 4-15. C,, H,, NO,
requires C, 75-20; H, 6-31; N, 4-18).

3.2. 2-(p-Anisyl )-6-n-butylguinoline (19)

To a solution of the acid (13a) (7-5g 22 mmol) in chloroform, copper bronze
(7-5g) was added; the solvent was removed under vacuum until the residue became
a homogeneous powder and then it was warmed at 290-300°C for 30 min. The
reaction mixture was chromatographed on silica gel; elution with light petroleum-
diethylether (95:5v/v) gave, after recrystallization from light petroleum-benzene
(90:10 v/v), the quinoline (19) (2-0 g, 30 per cent); melting point and nematic—isotropic
transition as well as the temperature enthalpy of fusion of quinolines (19)—-(27) are
reported in the table; m/z 291 (M™*, 100), 248 (90), 205 (46), 204 (37); 64(CDCl;)
0-62-1-95 (7H, m, RH), 2-50-2-85 (2H, bt, ArCH,), 3-68 (3H, s, OMe), 6:72-7-05 (2H,
bd, ArH), 7-:25-8-20 (7H, m, ArH). (found C, 82-11; H, 7-32; N, 4-79. C, H, NO
requires C, 82-44; H, 7-26; N, 4-81.)

3.3. 2-(p-Anisyl )-6-bromoquinoline-4-carboxylic acid (16 a)

According to the procedure described by Lindwall et al. [7], a mixture of 5-
bromoisatin (3-5g, 15 mmol), p-methoxyacetophenone (2-3 g, 15 mmol), 33 per cent
aqueous potassium hydroxyde (14 ml) and ethanol (70 ml) was refluxed for 8 hours.
The solvent was removed under vacuum and the oily residue poured into ice-water;
the title compound was precipitated by addition of hydrochloric acid (20 per cent).
The solid was filtered and recrystallized from ethanol-ethylacetate (90:10v/v) (4-6 g,
85 per cent); m.p. 252-255°C, m/z 359 (M* + 2, 98), 357 (M*, 100), 344 (10), 342
(11), 316 (8), 314 (18), 271 (7), 269 (9), 190 (14). (Found C, 56-67; H, 3-40; Br, 22-40;
N, 3-88. C,;H,;BrNO; requires C, 57-01; H, 3-38; Br, 22-31; N, 3-91.) Compound
(16 a) was decarboxylated as reported for compound (19) to give 2-(p-anisyl)-6-
bromoquinoline (17 a).

3.4. 2-(p-Anisyl )-6-cyanoquinoline (26)
Following the general procedure described in the literature [8], copper(l) cyanide
(0-5g, 6mmol) was added to a solution of the quinoline (17a) (1:0g, 3mmol) in
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N,N-dimethylformamide (20 ml) and the reaction mixture refluxed for 6 hours. After
cooling, the inorganic residue was separated and washed several times with
chloroform; the whole organic solution was treated under stirring for 30 min with
water (500ml). It was extracted with chloroform, the organic layer was dried
(Na,S0,) and the solvent removed under vacuum; the residue was chromatographed
on silica gel: elution with light petroleum-diethylether (98 : 2 v/v) and recrystallization
from light petroleum-benzene (90: 10 v/v) gave the quinoline (26) (0-3 g, 35 per cent);
m/z 260 (M*, 100), 245 (20), 217 (31), 216 (24); 6,,(CDCIl,;) 3-83 (3H, s, OMe),
6-85-8-25 (9H, m, ArH). (Found C, 77-90; H, 4-66; N, 10-70. C;;H,;N,O requires C,
78-44; H, 4:65; N, 10-76.)

All melting points are uncorrected. Column chromatography was performed on
silica gel (Kieselgel 60, 70-230 mesh ASTM, Merck). Proton N.M.R. spectra were
recorded on a Varian EM 360L instrument, using tetramethylsilane as an internal
standard. Mass spectra were performed with a JEOL JMS-D100 spectrometer at an
ionization energy of 70eV. Calorimetric data were obtained by means of a Perkin—
Elmer DSC-2 differential scanning calorimeter.
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