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New mesogens have been prepared and studied by differential thermal analysis and optical 
microscopy to elucidate the effects on mesomorphic properties of replacing a benzene ring 
by different heterocyclic rings. 

Earlier workers have assessed the effects on nemutic properties arising from such changes 
in the terminal groups of molecules of the type  4-MeO.C6H4.C6H4.N:CH.R4' (where R is 
phenyl, pyridyl or certain five-membered heterocylic rings). By studying,the corresponding 
n-octyl ethers, the relative effects of the different terminal rings on smectic properties have 
now been established. The compounds exhibit smectic polymorphism and the types of 
phase have been examined. Compounds of the type 4-RCH:NC6bC6&.N:CH.R4' 
showed some differences in trends compared with those for compounds with only one 
terminal group, R. Other compounds, including two series of the type 4-x'c6&'co.o* 
CgH4'CH:CH'R4' (where X is methoxy or n-octyloxy and R is phenyl, pyridyl or diazinyl), 
have been examined and show, in addition to the trends observed above, the effect of the 
heterocyclic system on %bond interactions within the molecule. 

To supplement earlier work and to complement the above studies of changing the 
terminal groups of molecules, compounds with pyridyl rings in non-terminal positions have 
also been studied. 

The overall results relating to the mesophases formed and the trends in the crystal-meso- 
phase or -amorphous liquid and mesophase-mesophase or -amorphous liquid transition 
temperatures are discussed in terms of changes in axial molecular polarizability produced by 
the hetero-atom either directly or indirectly. 

f Presented at the Fourth International Liquid Crystal Conference, Kent State Univers- 
ity, August 21-25, 1972. 
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300 J.  A. NASH AND G. W. GRAY 

INTRODUCTION 

The liquid crystalline properties of organic compounds are hifly sensitive to 
changes in chemical structure, and considerable effort has been devoted to the 
systematic study of closely related compounds in order to establish empirical 
relationships between structural and other parameters and the thermal stabilities 
of the various types of mesophase which may be 0bserved.l In the past few 
years, much attention has been devoted to the preparation and study of homo- 
logous series of organic compounds which show mesogenic character. In such 
cases, it has been shown that when the transition temperatures for the various 
mesophases shown by a particular series are plotted against the number of car- 
bon atoms in the alkyl chain, smooth curve relationships of a limited number of 
kinds are observed.’ 

Comparatively less systematic work has been carried out to examine the 
effects of other changes in molecular structure on mesophase thermal stabilities. 
However, th is  paper now presents thermodynamic data obtained from several 
series of structurally related compounds in which the nature of the aromatic ring 
system is changed, and an attempt is made to  relate the changes observed in 
mesophase thermal stability to these changes in structure. These changes are 
generally accomplished by replacing a phenyl or p-phenylene ring in a known 
liquid crystalline compound by pyridyl or related rings; in a few cases, five- 
membered heterocyclic rings are also used. Changes such as these, unlike changes 
in an homologous series, are likely to have a less obvious effect upon molecular 
twist, polarizability etc., and hence the changes in mesophase thermal stabilities 
may be less simply related to the changes in structure. On the other hand, as the 
dimensions of the molecules will be little altered by such changes, it may be 
possible to comment upon the observed variations in crystal thermal stabilities, 
which, in homologous series, are considered to be unpredictable.’ 

Mesogenic compounds containing a heterocyclic ring have been reported by a 
number of authors, for example, Refs. 2-5. However, little attempt has been 
made to investigate the effects of the heterocyclic rings on mesophase thermal 
stabilities. The papers by Schubert4 and Young, HaIler and Williamss are of 
interest however. Schubert reported thermodynamic data for several series of 
heterocyclic analogues of 4,4”-di*-alkyl- and din-alkoxyp-terphenyls, from 
which it is possible to examine the effects of the various ring systems on meso- 
phase and crystal thermal stabilities (see below). Young, Haller and Williams 
prepared a series of Schiffs bases derived from simple heterocyclic aldehydes 
and attempted to relate the observed changes in mesophase thermal stabilities to 
changes in chemical structure. The latter authors reduced the difficulties with 
the synthesis of mesogenic compounds containing heterocyclic rings by selecting 
an aromatic amine which will give mesogens with simple aldehydes, e.g. benzal- 
dehyde. As a result, heterocyclic aldehydes, which are commercially available, 
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STUDIES OF SOME HETEROCYCLIC MESOGENS 30 1 

may be used directly and are involved in the minimum number of synthetic 
steps. The results reported by Young el 

Figures l(a) and (b) show data taken from the paper by Schubert? who 
reports crystal and mesophase thermal stabilities for homologous series of 
4,4"-di-n-alkyl- and -di-n-alkoxyp-terphenyl compounds and their heterocyclic 
analogues. By way of illustration, the data for the diethyl and di-n-pentyl com- 
pounds are presented graphically to show now the effect on crystal and meso- 
phase thermal stabilities of changing the nature of the central aromatic ring, 
rather than of the alkyl group. We have conluded that the trends shown in 
mesophase thermal stabilities in plots of th is  type cannot be interpreted simply 
in terms of changes in molecular diameter, net dipole or angle of twist between 
the rings due to differences between ortho-proton:ortho-proton and ortho- 
proton:hetero-atom lone pair interactions. However it can be seen that com- 
pounds containing pyridyl and pyrimidinyl rings differ from those containing 
the remaining heterocyclic rings in that they appear to favour smectic be- 
haviour, and also that they have the lowest crystal thermal stabilities. While it is 
normally considered that crystal thermal stability changes are unpredictable,' it 
is significant that of the heterocyclic compounds studied here, those containing 
pyridyl and pyrimidinyl rings are the only ones in which one of the two phenyl 
rings is not attached to the heterocyclic ring at a position which is adjacent to 
one of the hetero-atoms. 

The hetero-atom in a pyridine or related ring system is known to behave 
similarly in many respects to an aromatic nitro-group.' The hetero-atom has a 
high electronegativity and will therefore withdraw electrons from the other 
atoms of the ring system, making the ring deactivated relative to benzene. Elec- 
tron withdrawal is most pronounced from the 2- and 4-positions because of 
conjugative interactions with the hetero-atom; these interactions may also in- 
volve substituents present in the 2- and 4-positions. A classical example of t h i s  
well documented effect is the acidity of the methyl protons of 2- and 4-methyl- 
pyridine which allows participation in condensation reactions, e.g. with benzal- 
dehyde giving a stilbazole (see later). This reaction is given by neither 3-methyl- 
pyridine nor 3,5-dinitrotoluene, but occurs readily with 2,4dinitrotoluene. 

Thus when a phenyl ring occupies a 3-position with respect to the hetero- 
atom, n-bond interactions will be negligible and the phenyl and heterocyclic 
rings may be twisted due to repulsions between ortho-hydrogens. Phenyl rings in 
the 2- or 4-positions are likely to give n-bond interactions which will be at a 
maximum when the two rings are co-planar: in this case the axial polarizability 
of the system will be at a maximum. 

In the heterocyclic analogues of the substituted terphenyl compounds of 
Schubert," the only compounds in which both phenyl rings occupy positions in 
the heterocyclic ring from which n-bond interactions can occur contain tetra- 
zinyl, pyrazinyl or pyridazinyl rings. In these cases, the overall axial polarizabil- 

will be discussed later. 
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FIGURE 1 (a) 
ogues from S ~ h u b e r t . ~  

Thermodynamic data for 4,4"-diethylp-terphenyl and heterocyclic anal- 
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FIGURE l(b) Thermodynamic data for 4,4"-di-n-pentyl-p-terphenyl and heterocyclic 
analogues from Schubert.4 
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304 J. A. NASH AND G. W. GRAY 

ity of the molecule will be high, and crystal and mesophase thermal stabilities 
comparable with those of the analogous terphenyl compounds are likely. In the 
pyridyl and pyrimidinyl analogues however, one of the phenyl rings occupies a 
3-position with respect to the hetero-atom(s); this will minimize n-bond interac- 
tions in the molecule, reducing the molecular axial polarizability. This may alter 
the thermal stabilities of the crystal lattices resulting in the observed low melting 
points for these compounds. The changes in mesophase thermal stabilities in these 
compounds may be a product of several effects, and are less readily related to 
the chemical structural changes involved. 

RESULTS AND DISCUSSION 

The compounds discussed in this paper fall into three groups: 

1) Schiffs bases derived from heterocyclic aldehydes-this study represents . 
a development of the earlier work of Young et al. 

2) Esters containing a stilbene or stilbazole unit-this work was prompted by 
the work of Young et ul. on stilbenes and chiorostilbenes.6p6 

3) Compounds containing a heterocyclic ring in a non-terminal position- 
this represents preliminary work carried out to apply the conclusions reached in 
Secs. 1 and 2 to systems of a type more likely to have technological applications. 

Schiff's bases 

Young er ul. reported data on a series of Schiff s bases, derived from 4-amino- 
4'-methoxybiphenyl, which showed only nematic mesophases (Fig. 2(a)); the 
analogous n-octyloxy compounds were therefore examined here to determine 
the effects of the various heterocyclic rings on smectic behaviour (Fig. 2Cb)). A 
series of dischiffs bases derived from benzidine was also prepared in order to 
establish the effects of the rings when occupying both terminal positions in the 
molecule (Fig. 3). It can be seen from the graphical presentation of the thermo- 
dynamic data that these three series of compounds show a number of striking 
similarities. In order to simplify this section, the results obtained for compounds 
containing five- and six-membered heterocyclic rings will be discussed separately. 

In the series of compounds containing six-membered rings, it should be noted 
(Figs. 2(a) and 2(b)) that the effects on mesophase thermal stabilities of replacing 
a phenyl ring by a pyridyl ring are generally less than those which occur when the 
phenyl ring gains a 4-substituent (see also Fig. 5) .  This is in accord with the fact 
that, in the former case, no great change in molecular size is involved. 

In Fig. 2(b), the order of mesophase thermal stabilities is, in ascending order: 
2-pyridyl; phenyl; 4-pyridyl; 3-pyridyl; 4-fluorophenyl; 4-chlorophenyl, assum- 
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STUDIES OF SOME HETEROCYCLIC MESOCENS 305 

raa 

ing that nematic- and smectic-amorphous isotropic liquid transition temperatures 
may be compared in this manner. The position in the order for the 4-pyridyl 
compound, relative to phenyl, is what might be expected if the lone pair of 
electrons of a terminal hetero-atom is considered equivalent to a 4-substituent in 
that it can enhance molecular axial polarizability. The relative positions of 3- and 
4-pyridyl groups are discussed below. The low mesophase thermal stability for 
the 2-pyridyl compound may, by analogy with certain substituted Schiff s bases: 
arise from interaction between the lone pair of electrons of the hetero-atom and 

- 

K 
1 

I 
R 

FIGURE 2(a) 
hiphcnyl and hctcrocyclic analogucs5 (Tables I and 11). 
The point defined by (X) is for a monotropic transition. 

Thermodynamic data for Schiff s bases derived from 4-amino-4'-methoxy- 
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306 J. A. NASH AND G.  W. GRAY 

the bonding electrons of the Schiffs base linkage; this would weaken %bond 
interaction and thereby further increase the angle of twist between the rings. lo  

In this situation, the smectic thermal stability may be very markedly reduced, 
with the result that this compound is the only member of the series to show a 
nematic phase, which would be less seriously affected in thermal stability by 
such a steric effect. The decreased axial molecular polarizability resulting from 
these effects will also contribute to the relatively low nematic thermal stability. 

It is of interest that, in addition to a reduction in'mesophase thermal stabil- 
ity, there is also a reduction in crystal thermal stability for the 2-pyridyl com- 
pound. This would suggest that the earlier emphasis placed on the crystal 
thermal stability data for the compounds reported by Schubert, as reflecting 

284 

2401 

210 - 

200 - 

- z. CI 4 x' ' (. s, 

K l  

0 

K I  

n 
R 

FIGURE 2(b) Thermodynamic data for Schiffs baser derived from 4-amino4'-n-uctyloxy- 
biphenyl and heterocyclic analogues (Tables I and 10. A point defined by (X) is for a 
monotropic transition. 
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308 J. A. NASH AND G. W. GRAY 

changes in molecular polarizability, is not misplaced. 
together with data 

for the analogous Qfluoro- and 4chloro-phenyl compounds (see Table 11). These 
compounds show only nematic mesophases whose thermal stabilities follow the 
order given above. It is suspected that the lower mesophase thermal stability for 
the 4-pyridyl compound relative to the 3-pyridyl compound arises from an 
intermolecular repulsion between the lone pairs of electrons of the nitrogen 
hetero-atom in one molecule and those of the oxygen atom of the rnethoxy 
group of another, colinear molecule, which will weaken the forces maintaining 
order in the nematic state. This effect was observed to a smaller extent in the 
analogous n-octyloxy-compounds, possibly due to the greater shielding of the 
oxygen atom by the n-octyl group, an effect which is presumably achieved 
mainly by the increased physical separation between the oxygen and nitrogen 
atoms. 

In the di-Schiffs bases derived from benzidine (Fig. 3), the ’nematic’ thermal 
stability for the di4-pyridyl compound is reduced possibly by intermolecular 
repulsions between the unshielded lone pairs of electrons of the ring nitrogens; 
the phase is presumably monotropic but unobservable. I t  is noticeable that this 
effect is not reflected in any relative change in crystal thermal stability, cf: 
Figs. 2(a) and 2(b). Thus it would perhaps seem that, in certain cases, changes in 
crystal thermal stability are a less ambiguous guide to  changes in molecular 
polarizability than changes in mesophase thermal stability, cf. the discussion of 
the data reported by S ~ h u b e r t . ~  The 2-pyridyl compound has, as before, a very 
low ‘nematic’ thermal stability, which, like that of the 4-pyridyl compound, 
makes this phase unobservable. In this case, there is again a concurrent reduction 
in crystal thermal stability relative to those of the other members of the series. 
The large variations in nematic thermal stability shown by this series suggest that 
the interactions which occur in the 2- and Qpyridyl ring systems may be cumula- 
tive. 

Figures 2 and 3 also show data for a number of compounds containing five- 
membered heterocyclic rings. These compounds cannot easily be compared with 
their phenyl or pyridyl analogues as a result of the change in ring size, and 
moreover, the orientation of the hetero-atom in these compounds resembles that 
found only in the 2-pyridyl compounds. As a result, only the general comment 
can be made that these five membered ring systems appear to have little nemato- 
genic character (Figs. 2(a) and 3). although, as might be expected, this is increas- 
ed by methyl substitution. Smectic behaviour on the other hand, is, in the 
n-octyloxy series (Fig. 2(b)), rather more pronounced. However, a clearer assess- 
ment of the effects on the mesophase behaviour shown by compounds of this 
type due to the smaller ring size, the position, polarizability and dipolarity of the 
hetero-atom and the presence, in an off axial position, of the methyl group (when 
present) must await the examination of a wider range of compounds. These 

Figure 2(a) presents the data reported by Young et af. 
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FIGURE 3 
cyclic aldehydes (Table I). 

Thermodynamic data for di-Schiffs bases derived from benzidine and hetero- 
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310 J. A. NASH AND G. W. GRAY 

should include those in which the five membered ring carries a 4-methyl sub- 
stituent and those with the ring linked via the 3-position. 

The Schiff s bases derived from 4-amino-4'-n-octyloxybiphenyl (Figure 2(b)) 
show three types of smectic mesophase: SA,  Sg and SJ, all of which possess 
characteristic textures when observed under the polarizing microscope. The Sg 
and S3 phases of the compound derived from thienyl-2-aldehyde and the SA , Sg 
and S3 phases of the compound derived from pyridine-3-aldehyde have been 
shown to be miscible with the corresponding smectic phases of 1 -methylpropyl 
4-@-phenylbenzylideneamino)cinnamate, the SA and Sg phases of which are 
known to be miscible with phases defined by Sackmann." The S3 phase, how- 
ever, has previously been observed" only in cinnamate esters of the above- 
mentioned type, which, like the compounds reported here, possess a terminal 
aromatic ring. An examination to gather more data concerning the particular 
role of the terminal aromatic ring in relation to the S3 mesophase is now in 
progress. In particular we are examining the effect on S3 ,thermal stability of 
substituents in the terminal ring to see if S3 thermal stability decreases with 
increasing substituent size or if the S3 phase gives way to some other type of 
smectic phase at some particular substituent size. Our preliminary findings show 
that a certain degree of substitution can be tolerated by the S3 phase. A pre- 
liminary study has also been carried out on compounds of the types shown in 

TABLE 11 
Thermodynamic Data for Schiff's Bases Derived from p-substituted Benzaldehydes 

Compound Constants 
(temperatures in "c; enthdpies given in 

parenthesis in k cal mol-l) 

K 209 N 262 I 
(6.00) (-)a 

K 229 N 290 I 

CH30.C6Hq.CgHq.N = CH.CsH4F 

= CH.C&.CI 
(6.70) (0.03) 

n-C8H170.C6H4.C6H4.N = CH.C6H4.F K 128 S3 164 Sg 194 SA 228 I 
(5.75) (0.46) (0.54) (1.41) 

= CH.C6H4.Cl K 122 s 3  190.5 sg 219 SA 258 I 
(5.45) (0.22) (0.43) (1.40) 

= CH.C6H4.CN K 124 SA 139 N 263 I(107 Sg 105 S3) 
(6.10) (1.13) (0.14) 

= CH.C,jHq.C,jHg K2,114 u, 179 s 3  214 sg 25 I SA 288N 
(1.32) (4.17) (1.20) (0.83) (0.37) 

302 I 
(0.15) 

~ ~~~~ 

a means enthalpy unreliable. 
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STUDIES OF SOME HETEROCYCLIC MESOGENS 31 1 

Table I1 containing p-methyl and p-methoxy groups in the benzylidene ring; 
both types show complex smectic polymorphism, but no mesophase has been 
visually identified as a S3. 

Sackmann has recently shown that the S3 phases of two cinnamate esters 
reported by Gray and Harrison * are miscible with a phase defined by him as a 
S, phase. ** Previously only four compounds had been reported which showed 
this phase. l3 It is curious that these are of two distinct types; (a) those that are 
symmetrical systems and (b) those that are unsymmetrical and have, like the 
compounds discussed here, a terminal aromatic ring. It seems strange that 
two such dissimilar types of molecule should give smectic phases of identical 
structure. A possible explanation might be that in certain circumstances terminal 
rings may give intermolecular association (perhaps even with a vertical 
stacking of the terminal rings) giving the smectic phase a highly symmet- 
rical double layer structure. Such a structure may possibly only be stable 
for compounds having small substituents. If a model such as this is correct, 
the difference between the two types of compound mentioned above loses 
much of its slgnificance since the doubie layer structure is equivalent to a single 
layer structure of symmetrical molecules. 

Stilbene esters 

The decision to examine the relationship between mesophase thermal stabilities 
and the nature of heterocyclic rings present in molecules of the type shown in 
Figures 4 and 5 was prompted by the work of Young ef al. They showed that the 
stilbene system has a high nematogenic charactera and also that replacement in 
th is  system, of an ortho or olefinic hydrogen by a bulky group caused a mole- 
cular twist which produced large reductions in crystal thermal stability6 A 
further factor was the ease with which most of the stilbazole systems could be 
prepared from commercially available materials. 

Figure 4 shows, in the usual graphical form, the transition temperature data 
for a series of methoxy- and n-octyloxy-benzoate esters of stilbene; Figure 5 
shows the corresponding data for analogous cyano-stilbene esters. It can be seen 
that the pairs of plots are remarkably similar and show a number of distinct 
variations from the trends shown by the three series of Schiff's bases. 

The order of nematic thermal stability shown by the compounds in Figure 4, 
omitting the two diazinyl compounds, is, in ascending order: 3-pyridyl; 
2-pyridyl; phenyl; 4-pyridyl. As in the Schiffs bases, the order of nematic 
thermal stability for the phenyl and 4-pyridyl compounds reflects the increase in 
molecular axial polarizability due to the lone pdr of electrons of the hetero- 
atom. In the methoxy-series, the difference in nematic thermal stabilities for 
these two ring systems is much reduced due, possibly as in the Schiff s bases, to 
an intermolecular repulsive interaction between the lone pair of electrons of the 
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312 J. A. NASH AND G. W. GRAY 

terminal nitrogen and those of the oxygen of the methoxy group. Compared 
with the Schiff s bases, the repulsive interactions in this series may be enhanced 
by the s-bond interaction between the heterocyclic ring and the remainder of 
the system which will allow the highly electronegative nitrogen hetero-atom to 
acquire an enhanced negative charge. 

The nematic thermal stabilities for the Zpyridyl compounds are, as in the 
Schiffs bases, lower than those for the phenyl compounds and, as before, this 
may be ascribed to a steric interaction between the lone pair of electrons of the 
hetero-atom and the electrons of the olefmic bond; this will produce a molecular 
twist and thereby reduce r-bond interactions, the molecular axial polarizability 
and the nematic thermal stability relative LO those of the phenyl compounds. It 
is of interest that this order is again followed by the changes in crystal thermal 
stabilities. 

24a - 

m - 

200- 

1m - 

1w - 

140 - 

1n - 

10I - 

I -  

\ I 

R 

FIGURE 4 Thermodynamic data for stilbene and stilbazole esters derived from: 
(a) p-methoxybenzoic acid (Table 111)-left of fig.; (b) pn-octyloxybenzoic acid (Table 111)- 
right of fig. 
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m- 

m- 

240- 

LM- 

The most striking feature of both plots (Figure 4) is the very low nematic and 
crystal thermal stabilities shown by the 3-pyridyl compounds. In the phenyl 
analogous of these compounds there is likely to be considerable conjugation 
between the terminal phenyl ring and the remainder of the system. With 
reference to the 3-pyridyl compounds, and, as has already been argued, the 
hetero-atom in the 3-position will inhibit such interaction so reducing the mole- 
cular axial polarizabilities of these compounds relative to their phenyl or 4- 
pyridyl analogues. 

20)- 

la0 
A 

2. 
CI 

160 

110 

120 

m- 

- 

- 
- 

- 

K2 

K3 

R' C N C N C W H  C N C N  CN n 

FIGURE 5 Thermodynamic data for cyano-stilbene and -stilbazole esters derived from: (a) 
pmethoxybenzoic acid (Table III)-left of fig.; (b) pn-octyloxybenzoic acid (Table 111)- 
right of fig. - 
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314 J. A. NASH AND G. W. GRAY 

TABLE 111 
Thermodynamic data for stilbene and stilbazole esters of the form 

R0.C6H4.CO0.CgHqCH:CR'R". Transition temperatures are quoted in OC and 
below these m brackets are the enthalpy values quoted in k cal mol-I. 

R' R" R=CH3 R = n-CgHl7 

H phenyl K 182 N 225 I K2, 110 Kl, 125 N 183 I 
(5.88) (0.09) (3.08) (7.48) (0.16) 

H 2-pyridyl K 151 N 179 I K2, 92 KI, 112 N 153 I 
(6.1 1) (0.07) (4.40) (2.34) (0.14) 

H 3-pyridyl K 7 7 I  K 54 N 65 I 
(7.82) (7.61) (0.06) 

H 4-pyridyl K2, 65 Kl, 140 N 230 I 
(4.31) (5.63) (0.28) 

H 2-pyrazinyl K 192 N 213 I K 132 N I72 I 
(8.39) (0.09) (9.05) (0.16) 

H 3-pyridazinyl K 189 N 238 I K 139 N 210 I 
(8.80) (0.02) (8.41) (0.21) 

CN phenyl K 143 N 181 I K 105 N 145 I 

CN 3-pyridyl K2,154 Kl, 162 N 194 I K1, 112 N 159 I b  

CN 4-bromophenyl K 197 N 268 1 K2,107 Kl, 130 N 214 I 
(7.61) (0.1 1) (2.37) (6.70) (0.05) 

K2, 95  Kl, 117 N 214 I 
(4.58) (0.32) (0.25) 

(-) (-)= (10.21)(0.04) 

(4.59) (3.03) (0.07) (1 1.66) (0.09) 

a Enthalpies of transition are not available. 

transitions: K3, 67 K2, 102 N 159 1. 
On cooling, two new polymorphic forms are produced; on reheating the sample gives the 

This effect is not observed in Schiffs bases in which the heterocyclic ring is 
attached to the carbon of the Schiffs base linkage. The aromatic rings of Schiff s 
bases are known to be non-coplanar.'O Moreover, as the nitrogen of the Schiffs 
base linkage is highly electronegative and may therefore acquire the major por- 
tion of the nelectron density of the double bond, it may therefore be that 
significant r-bond interaction occurs only between the Schiffs base nitrogen and 
an aromatic ring attached to it. 

The non-coplanarity of the aromatic rings would then arise mainly from a 
twisting of the bond between the Schiffs base carbon and an aromatic ring 
attached to it, there being a much smaller degree of r-bond interaction along this 
bond. The elimination of r-bond interaction can apparently only be observed in 
the 2-pyridyl compounds, where this arises from an enhanced molecular twist; in 
the 3-pyridyl compounds the effect of this n-bond interaction may be masked 
by the increase in polarizability due to the lone pair of electrons of the hetero- 
a tom. l4 
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STUDIES OF SOME HETEROCYCLIC MESOGENS 315 

The high nematic thermal stabilities of the diazinyl compounds (Figure 4) 
can also be explained in terms of an increased molecular axial polarizability due 
to the hetero-atom in the 3-position, conjugation between the heterocyclic ring 
and the remainder of the molecule being retained due to the presence of a 
second hetero-atom in the 2-position. Since only four diazinyl compounds have 
been prepared, it is difficult to comment on the observed differences in nematic 
thermal stability shown by the pyrazinyl and pyridazinyl compounds. A possible 
explanation might be that the polarizabilities associated with each hetero-atom 
can be considered as vector quantities. This would mean that the net polarizabil- 
ities of the pyridazinyl compounds would be greater than those of the pyrazinyl 
compounds; this is in accord with the observed higher nematic thermal stabilities 
of the pyridazinyl compared with the pyradnyl compounds. 

During the course of the syntheses of the compounds described above, a 
number of compounds containing a cyano-group attached to  the olefinic unit 
were prepared. These compounds (Figure 5) showed nematic mesophases whose 
thermal stabilities were examined in the light of the conclusions drawn above. 
NMR investigation has shown that, in these compounds, the two phenyl rings are 
trans, i.e., the dipole of the cyano-group acts in a direction perpendicular to the 
molecular axis and should therefore enhance the negative dielectric anisotropy 
of the molecule.? 

These compounds are analogous to the chloro-stilbenes described by Young 
ef aL6, and it may be that the cyano-group also imparts a twist to the molecule, 
reducing nematic and crystal thermal stabilities compared with the unsubstituted 
analogue. However, unlike a chloro-substituent, a cyano-group may give strong 
%bond interactions with the olefinic bond so that, although the aromatic rings 
may be non-coplanar, the molecule as a whole may be highly conjugated and 
have a high polarizability. The fact that the nematic thermal stability of the 
cyano-compound is lower than that of its unsubstituted analogue would then 
be explained by the fact that although the net polarizabilities of the two mole- 
cules may not differ greatly, the axial component of the polarizability of the 
cyano- compound is relatively low. 

In the case of the 3-pyridyl compound and its cyano-substituted analogue, 
the situation is complicated by the deconjugative effect of the hetero-atom. In 
the cyano-substituted compound, the situation is similar to that of the phenyl 
analogue - the only influence of the hetero-atom being to increase the axial 
polarizability and the nematic thermal stability. (A similar explanation may be 
used to explain the higher nematic thermal stability of the cyano-substituted 

? Since this was written, it has been shown experimentallyz3 that a compound of this type 
has a strong negative dielectric anisotropy. 
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3 16 J. A. NASH AND G. W. GRAY 

4-bromophenyl compound relative to that of its cyano-substituted phenyl 
analogue.) However, if the cyano-group is removed from the 3-pyridyl com- 
pound, the molecular polarizability would be considerably reduced, as the 
hetero-atom is inhibiting any conjugation between the ring and the olefinic unit. 
The nematic thermal stability should therefore decrease. In this respect, the 
cyano-group plays a similar role to the hetero-atom in the 2-position in the 
diazine compounds discussed above. 

Compounds containing a heterocyclic ring in a non-terminal position 

The synthesis of compounds of th is  type is considerably more complex than that 
of the monosubstituted heterocyclic systems described above, due to the scarc- 
ity of suitably substituted, commercially available precursors. As a result, only a 

TABLE IV 
Thermodynamic data (Column A) for compounds containing a heterocyclic ring in a non- 
terminal position. Transition temperatures are quoted in OC and below these in parenthesis 
are the enthalpy values quoted in k cal mol-1. The data in Column B refer to the phenyl 

analogous. 

structure b A B 

K2.79.5 Kl, 125 I 

K91 I 
(9.49) (7.19) (0.2 1) 

K 124 N 152 I 
(0.11) (4.31) (4.31) (0.44) 

K 67 N 82 1 

K2,68 KI,71N 82 I 

K2,166KI, 190N267I K 224 N 330 I 
N- (1.11) (8.14)(0.18) (6.45) (0.15) 

K2,179KI,215N2581 K 188 N 283 I 

(5.28) (4.04) (5.56)(0.16) 

(CH3O* = CH),C6H4 

( C H 3 e  =CH)$gH4 

RO.C@4.COO-H :CH .C6H5 

-N (-)a (4.90)(0.14) (6.28) (0.13) 

R = CH3 K2,45 KI, 5 3 1  K182N225 I 
L(11.20)-1 (5.88) (0.09) 

-N 

K2,49K1,62S,4 64 I K2,110Kl,125N 
(3.06)(9.96) (2.18) (3.08) (7.48) 

183 I 
(0.16) 

a The enthalpy for this transition was unreproducible. 
In these structures, C6H4 refers to a p-phenylene ring. 
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STUDIES OF SOME HETEROCYCLIC MESOGENS 317 

few compounds of t h s  type are reported here; their transition temperatures, 
together with those of their phenyl analogues, are shown in Table IV. 

The nematic phase of compound 1B* exists due to the formation of a linear 
dimer, the N-I transition probably occurring when this structure breaks down, as 
shown by the very high enthalpy of this transition. In the non-mesorphic com- 
pound 1A the lone pair of electrons of the heteroatom is capable of hydrogen 
bonding and simple linear dimerization may not occur. The K-I temperature of 
compound 2A is greater than the N-I temperature of compound 2B, and also 
the melt shows little supercooling; hence further comment is impossible. 

In compounds 3A and 4A a hetero-atom is present in a 3-position relative to 
the Schiffs base linkage and should inhibit n-bond interaction between the 
aromatic ring and the linkage. This may reduce the nematic thermal stabilities of 
these compounds relative to compounds 3B and 4B, respectively. Also, as discus- 
sed earlier, there is a concurrent, though smaller reduction in crystal thermal 
stabilities. In compound 5 A  the hetero-atom is now in a 2-position relative to  
the Schiffs base linkage and conjugation may occur. This would explain the 
smaller reduction in nematic thermal stability relative to compound 5B, al- 
though the conjugative effect may be reduced if any steric interaction results 
from repulsion between the lone pair of electrons of the hetero-atom and the 
linkage (see earlier). 

In compounds 6A and 7A,  the hetero-atom is in a 2-position with respect to  
the olefin unit (possibly giving a molecular twist) and in a 3-position with 
respect to the ester function (deconjugating the acyloxy group). The greater 
conjugative interactions in compounds 6B and 7 B  may therefore be considerably 
reduced giving the observed reductions in crystal and mesophase thermal 
stabilities. The formation of a smectic phase in compound 7 A  is unexpected and 
may arise from the presence of an extra dipole within the molecule. 

CONCLUSIONS 

The above studies on a limited number of heterocyclic mesogens strongly suggest 
that the dominant effect of the hetero-atom is to produce changes in conjugative 
interactions within the molecule which affect factors such as polarizability and 
dipolarity. Intermolecular effects produced by the lone pair of electrons are 
apparently, in certain cases, also significant. However, further studies will have 
to be made if a clearer understanding of the influence of heterocyclic rings on 
crystal and mesophase thermal stabilities is to be gained. 

f In the following text, numbers 1-7 refer to the sequence in Table IV. 
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318 J. A. NASH AND G. W. GRAY 

EXPERIMENTAL 

Optical microscopy 

Thin f i i s ,  prepared by melting a few crystals between a glass microscope slide 
and a cover slip, were examined using a polarizing microscope in conjunction 
with a heated stage (C. Reichert, Optische Werke A.G., Wien, Austria). The 
mesophases detected during heating and cooling cycles were identified by their 
textures and the temperatures of transition determined to  within f 0.25OC. 

Differential thermal analysis 

This process was carried out using a low temperature thermal analyser (Stanton 
Redcroft Ltd., Copper Mill Lane, London S.W.17). A 5°C min.-' programme 
was used for heating, cooling and reheating cycles; the temperatures of transition 
agreed to within * 2°C of those determined by optical microscopy. 

Values for enthalpies of transition, AHy were obtained from thermograms by 
graphical measurement of peak areas and with reference to data obtained with 
an indium standard. The accuracy of this method of determination is believed to 
be no better than f 0.03 k cal mol-I . However, enthalpies of transitions involv- 
ing crystalline phases tend to be less reproducible than those involving meso- 
phases, due to variations in the packing of the samples used for determinations 
and, in some cases, to variations in the proportions of various crystal forms 
within a particular sample. 

Materials 

Thermodynamic data for all the mesogens whose preparations are described 
below are contained in the Tables.? Verbit's system of notation for transition 
temperaturesn is used in these Tables; data in round brackets at the end of a 
line relate solely to monotropic transitions. These products and also all inter- 
mediate compounds gave satisfactory elemental analyses. 

Schiff's bares 

Starting materials for the preparation of Schiffs bases were either available 
commercially or were prepared using standard methods. A sample of 4-amino- 

t In all tables and figures transition temperatures involving crystalline solids were measur- 
ed by DTA. All other transition temperatures were measured by optical microscopy. 
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STUDIES OF SOME HETEROCYCLIC MESOGENS 319 

4’-n-octyIoxybiphenyl, prepared by the method of Gray”, and samples of the 
Schiff s bases derived from the above amine and also its methoxy- analogue with 
4-fluoro- and 4-chloro-benzaldehyde were available to  us. In all cases, commer- 
cially available materials were used without further purification. 

The Schiff s bases were prepared by suspending the appropriate aldehyde and 
a 10% molar excess of the amine in ethanol to which two drops of glacial acetic 
acid had been added. The suspensions were heated until solution was complete, 
further solvent being added if necessary, and then, after f h, the solutions were 
filtered while hot and allowed to crystallize. The solids were recrystallized from 
benzene, toluene or monoglyme, depending upon their solubilities, until con- 
stant melting points and N-I transition temperatures were achieved. For the 
Schiffs bases derived from benzidine the quantities used were 2.1 moles of 
aldehyde and 1 mole of amine; these quantities were reversed for the Schiffs 
bases derived from terephthalaldehyde. 

Stilbene esters 

4-Hydroxystilbene and its analogues. The preparations of compounds of the 
form 4-H0.C6H4. CH=CH.R, where R is phenyl16 and 2- and 4-pyridyl,17 are 
reported in the literature; these methods were used without modification. 

2-(4’-hydroxysryryl)pyrazine. The method of Franke l8 was modified as fol- 
lows. 2-Methylpyrazine (94 g, 1 mole), 4hydroxybenzaldehyde (122 g, 1 mole) 
and zinc chloride (4 g) were heated at 170°C for 18 h. The crude black oil was 
allowed to cool and repeatedly heated with toluene (4 x 75 ml) to extract 
organic material. The toluene extracts were cooled giving yellowish crystals of 
the required product which was crystallized from toluene. The pure material 
(15%) had m.p. 176OC. 

3-(4 ‘-hydroxystyry1)pyrimidine was prepared similarly in a yield of 15%, 
m.p. 190°C (decornp.). 

5-hydroxy-2-styrylpyridine. Benzaldehyde (1 06 g, 1 mole), 5-hydroxy-2-me- 
thylpyridine (109 g, 1 mole) and acetic anhydride (102 g, 1 mole) were heated 
together at 150°C for 12 h. The crude reaction mixture was cooled, dilute HC 1 
(50 ml) added and the whole refluxed for a further f h to hydrolyze any acetate 
ester. On cooling, the mixture was made alkaline with dilute aqueous NaOH; 
dilute acetic acid was than added until the mixture was slightly acidic. The 
aqueous solution was then shaken with chloroform (5 x 100 ml), and the com- 
bined extracts were washed with water and dried. After evaporation, the brown 
solid was crystallized from monoglymeethanol, crystals, m.p. 168°C (7%) form- 
ing on standing at 0°C for two days. 
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4-Hydroxy-c~phenylcinnamonitrile and its analogues. 4-Hydroxy-cr-phenylcin- 
namonitrile was prepared by the method of Colonge et al. l9 4-Hydroxy-a(4'- 
bromopheny1)cinnamonitrile and 4-hydroxy-a(3'-pyridyl)cinnamonitrile were 
prepared similarly, except that the latter compound was crystallized from mono- 
glY me. 

Bromophenyl compound, m.p. 206-7°C; yield, 40%. 
3Pyridyl compound, m.p. 1434°C; yield, 35%. 

344 '-hydroxystyry1)pyridine. CHydroxy-43 '-pyridy1)cinnamonitrile (1 1 g brack- 
et, 0.05 mole) was suspended in aqueous NaOH (8 g in 25 ml of water) and heated 
under reflux until ammonia had ceased to be evolved (about 4 h). The aqueous 
solution was cooled, acidified with dilute acetic acid and shaken with chloroform 
(4 x25 ml). The combined extracts were washed with water and dried; on 
evaporation, the crude 4-hydroxy-cr(3'-pyridyl)cinnamic acid was suspended in 
cumene and heated under reflux for 10 h. Toluene (50 ml) was then carefully 
added and heating continued for 1/4 h. The mixture was then allowed ta settle, 
and the solution decanted from the solid residue and allowed to cool. Crystals of 
3-(4'-hydroxystyryl)pyridine, m.p. 15 3-5 O C (40%), were obtained. 

Reparation of esters. The esters of the above hydroxy-compounds were prepar- 
ed using commercially available 4-methoxybenzoyl chloride and 4-n-octyloxy- 
benzoyl chloride prepared by standard methods. 

In all cases, the esters were prepared by suspending equimolar quantities of 
the phenol and acid chloride in dry pyridine as solvent; the mixture was left to 
stand at room temperature for 24 h with occasional shaking. The mixture was 
then poured into water (2volumes) and the whole shaken with chloroform 
(6 x 50 ml). These extracts were combined, washed with dilute aqueous NaOH 
(2 x 50 ml) and then with water until the washings had a pH of 6. The chloro- 
form solution was dried and evaporated; the dry residue was crystallized from 
petroleum ether (b.p. 60-80°C) and/or benzene until constant transition temper- 
atures were achieved. 

Additional compounds 

6-n-Pentyloxynicotinic acid and 4'-n-butoxyphenyl 6-n-penryloxynicotino- 
ate. 6-n-Pentyloxynicotinic acid was prepared from 6-hydroxyiucotinic acid by 
the method of Gray ef al." and crystallized from ethanol. The ester was pre- 
pared as described above using 4-n-butoxyphenol which had been prepared by the 
method of Klarmann et al. 21 
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