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Properties of the liquid crystals formed by certain
4’ -n-alkylbiphenyl-4-yl 5-n-alkylthiophene-2-carboxylates

by JANE L. BUTCHER, DAVID J. BYRON, AVTAR S. MATHARU,
and ROBERT C. WILSON*

Department of Chemistry and Physics, The Nottingham Trent University,
Clifton Lane, Nottingham NG11 8NS, England

(Received 17 March 1995; accepted 6 April 1995)

Thirty compounds, ten members of each of three homologous series of esters derived from
4-hydroxy-4'-n-octyl-, -nonyl-, and -decyl-biphenyl and the 5-n-alkylthiophene-2-carboxylic
acids (methyl through to decyl homologues) have been prepared. The liquid crystal properties
of these esters, which show extensive smectic polymorphism, have been investigated by thermal
optical microscopy, differential scanning calorimetry, and miscibility studies. Four members of
the corresponding 4-n-alkylbenzoates have also been prepared in order to compare their liquid
crystal behaviour with the 5-r-alkylthiophene-2-carboxylate counterparts: both smectic and
nematic thermal stability are higher for the 4-n-alkylbenzoates, by 30-6° and 36-8°C,

respectively.

1. Introduction

As a continuation of our study [1-3] of the liquid crystal
behaviour of three-ring esters containing a thiophene ring
we have now prepared and investigated the mesomorphic
properties of ten members of each of three homologous
series of 4'-n-alkylbiphenyl-4-yl 5-n-alkylthiophene-2-
carboxylates (1: m=8,9, and 10; n=1-10). Certain
closely related esters have been cited in patents, namely,
m=51[4];n=3and m= 8 [5] and 10 [6]; n = 12, but no
systematic study of homologation in these esters, which
show extensive smectic polymorphism, has previously
been undertaken, nor has a comparison of mesophase
thermal stability with the analogous 4-n-alkylbenzoates
which are also cited in a patent [7]. The compounds have
been investigated by optical microscopy, differential
scanning calorimetry, and miscibility studies.

Colone / s\ ﬁ—Omﬁznml
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2. Results and discussion
Ten members of each homologous series, 4'-n-octyl-,
-nonyl-, and -decyl-biphenyl-4-yl 5-n-alkylthiophene-2-
carboxylates (1: m = 8,9,10; n=1-10) have been pre-
pared. The mesophase transition temperatures of these
compounds were determined by optical microscopy and
confirmed by differential scanning calorimetry. Assign-

* Author for correspondence.

ments of phase type were made by microscopic observa-
tion of the optical textures obtained on cooling from the
isotropic liquid and by miscibility studies using com-
pounds of established phase types as standard materials.

The transition temperatures for the members of the three
homologous series are listed in tables 1, 2, and 3 and
plotted against n, the number of carbon atoms in the alkyl
group of the thiophene moiety, in figures 1, 2, and 3.

The liquid crystal behaviour of the three homologous
series, which show extensive smectic polymorphism, is
closely similar. A detailed account of the mesomorphic
properties of the decyl homologues (m = 10; n = 1-10) is
given in the following discussion and is followed by an
outline treatment of the corresponding octyl and nonyl
homologues (m = 8,9; n=1-10).

2.1. 4'-n-Decylbiphenyl-4-yl 5-n-alkylthiophene-2-

carboxylates (1. m=10; n=1-10)

It is convenient to discuss the form of the transition
temperature plot (see figure 1) at the outset before
considering the assignments of phase type by optical
texture observations and miscibility studies.

All ten members give an enantiotropic nematic
mesophase and the points for the N-I transition tempera-
tures show the expected alternation (see figure 1) and fit
two curves which initially fall smoothly as n increases,
with the odd n curve uppermost, before revealing an
upturn then convergence and levelling off in the region
n = 6-9 and finally congruence at n = 10 with the point for
the S transition temperature of this homologue. The
smectic behaviour of the series comprises two distinct

0267-8292/95 $10-00 ©® 1995 Taylor & Francis Ltd.
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Table 1. Transition temperatures (°C) for the 4’-n-decylbiphenyl-4-yl 5-n-alkythiophene-2-carboxylates.

n Cr-N N-I Se-1 Sc—N Si—-N CrG-N S—Sc Sg-S§; CrJ-S¢ CrK-CrJ N-Cr
1 102-6 120-1 702
CrG-—Cr
2 72-0 1097 (66-4) 40-0
3 83-0 110-8 (74-1) 722
Cr-K CrK-Cr
4 70-0 1037 827 81-5 305 79-5 350
5 73.2 106-7 87-7 863 84-3 825 79-5 35-0
6 674 103-8 92-8 88-0 850 809 79-0 45.5
Cr—CrJ
7 76-8 106-7 97-0 865 834 781 (75-6) 50-4
Cr—Sg
8 75-8 107-0 102-5 86-7 839 (74-0) (66-1) 47.5
9 79-5 106-3 104-6 83.0 80-6 (679 (55-1) 52-0
Cr)-Cr
10 77-0 106-5 81-9 79-9 (59-4) 45-0

Symbols have their usual meaning: Cr, crystal; N, nematic; S, smectic A; CrJ, crystal J; 1, isotropic liquid, etc. Thus, Cr-N indicates
the temperature (m.p.) at which the crystal (Cr) melts to the nematic phase (N).
Temperature of crystallization (at a cooling rate of approximately 3°C min~").

Values in parentheses are for monotropic transitions.

Table 2. Transition temperatures (°C) for the 4'-n-nonylbiphenyl-4-yl 5-n-alkylthiophene-2-carboxylates.

n Cr-N N-I Sc—N CrG-N Si-Sc¢ S5 CrJ-Sk CrK—CrJ N-Cr
1 1124 122-5 71-5
CrG—Cr
2 89.7 114-6 65-0) 55.3
3 882 1133 (76-7) 555
Cr-CrG
4 711 106-6 81-6 350
5 80-0 1102 85-8 45.5
Cr-CrK CrK-Cr
6 74.5 1072 91-4 883 87-0 854 82-6 585
Cr-§;
7 863 1102 98-0 864 (84-8) (82-2) (79-0) 62-8
Cr—S¢
8 88-8 108-1 100-6 (84-9) 82-6) (76-4) (68-0) 660
Crl-Cr
9 84-8 109-3 1044 (82-2) (78-8) (70-9) 61-0
Cr—Sg
10 75-0 107-0 104-9 805 779 (63-4) 62.9

Symbols have their usual meaning: Cr, crystal; N, nematic; Sa, smectic A; CrJ, crystal J; I, isotropic liquid, etc. Thus, Cr-N
indicates the temperature (m.p.) at which the crystal (Cr) melts to the nematic phase (N).
Temperature of crystallization (at a cooling rate of approximately 3°C min ~!).

Values in parentheses are for monotropic transitions.

sections. The homologues n=2 and 3 give only a
monotropic crystal G phase on cooling the nematic phase,
contrasting with the properties of the higher members.
Thus, on cooling, the homologue n = 4 gives first an Sc
phase, then an S phase, and finally crystal J and K phases.
The homologues n = 5-9 reveal the same phase sequence,
except that an additional Sy phase is interposed between the
Sc and Sg phases, and a similar phase sequence is shown
by the member n = 10, although crystallization occurs in

the J phase before transition to the K phase takes place.
The points for the Sc—S; and the S;-Sg transition
temperatures alternate and lie on two curves which reveal
a very shallow rise then a fall as »n increases, with the even
n curve uppermost. These curves are shown in figure 1 as
hatched regions, both for clarity and to indicate the extent
of the alternation of the Sc—S; and S,-Sg transition
temperatures.

The crystal G phase of the homologues n =2 and 3
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n Cr-N N-I SN CrG-N Si-Sc Crl-S; CrK-CrJ N-Cr
1 107-0 120-5 67-9
2 91-8 112.3 683
CrG—Cr
3 889 110-8 (73-6) 570
4 90-0 104-6 (79-0) 500
5 82-4 108-4 (82-3) 556
Cr—CrK CrK-—Cr
6 780 104-5 86-7 85.0 82.2 80-7 584
Cr-S¢
7 88.0 107-5 91-6 (81:6) (78-0) (68-0) 66-0
CrlCr
8 873 106-5 96-3 (80-0) (71-1) 70-2
9 814 106-0 98-8 (75-4) (63-2) 632
= S=Cr
10 725 1053 101-0 730 479

Symbols have their usual meaning: Cr, crystal; N, nematic; S4, smectic A; CrJ, crystal J; I, isotropic liquid, etc. Thus, Cr-N
indicates the temperature (m.p.) at which the crystal (Cr) melts to the nematic phase (N).
Temperature of crystallization (at a cooling rate of approximately 3°C min ™).

Values in parentheses are for monotropic transitions.

separates from the schlieren texture of the nematic phase
via dendrites which coalesce to give a mosaic texture
characterized by some rather larger angular mosaic areas,
many of which develop fine parallel striations as the phase
develops with a decrease in temperature and also on
standing. In contrast, the homologous n = 4-9 give the
focal-conic fan and schlieren textures of the Sc phase
(also obtained directly via batonnets from the isotropic
liquid for n = 10). The Sc¢ focal-conic fans have a much
smoother, less lined appearance than the broken fans of an
Sc phase which forms on cooling an Sa phase. For the
homologue n =4, the focal-conic fans are particularly
clear and well defined and the schlieren texture of the
nematic phase changes immediately to a very well-
developed Sc schlieren at the N-S¢ transition. On cooling
the Sc phase of the homologues n = 5-10, the focal-conic
fans become much more well defined at the transition to
the S; phase and a change of the schlieren into the very
characteristic non-focusable, schlieren texture of the S
phase occurs. At the S;—Sr transition there is no detectable
change in the appearance of the focal-conic fans, but the
optical discontinuities of the S; schlieren texture disappear
giving the clearer, more focused Sy schlieren-mosaic
texture which is crossed with sharper lines of discontinuity
around the platelet areas giving the texture almost
mosaic-like clarity. The homologue n = 4 gives rise to the
Sr phase directly from the Sc phase: the focal-conic fans
are clear and well defined and the Sc schlieren texture is
replaced by the schlieren-mosaic of the Sy phase. On
further cooling, the Sg phase of the homologues n = 4-10
gives crystal J phase characterized by a mosaic area
composed of large, rather ill-defined platelets and a fan
texture which is more broken than that of the preceding Sg

phase, the fans being marked by a rectangular patchwork.
On further cooling of the crystal J phase of the homologues
n = 5-9, the onset of the CrJ-CrK transition is character-
ized by quite spectacular candy-striping of the previous
mosaic areas, and when thin samples are observed, the
focal-conic fans also reveal extensive striping. If left for
a period of time, the mosaic areas defined by the previous
J phase slowly collapse with the formation of a new mosaic
system of the K phase containing both square and
rectangular shaped areas.

Miscibility studies using terephthalylidene-bis-4-n-
butylaniline (TBBA) as a standard material confirmed the
identity of the crystal G phase in the homologues n = 2 and
3. The phase diagram (see figure 4) for the binary mixture
of the propyl homologue with TBBA shows the G phase
to be continuous across the miscibility diagram of state.
Confirmation of the identities of the S; and Sg phases was
achieved by miscibility studies using terephthalylidene-
bis-4-n-decylaniline (TBDA) as the standard. The phase
diagram for the binary mixture of the homologue n=6
with TBDA is shown in figure 5. The S; and Sg phases
reveal continuous miscibility across the phase diagram.
Confirmatory evidence for the identities of the crystal J
and K phases in the homologues n = 5-9 was provided by
miscibility studies using N,N’-di-(4-r-heptyloxybenzyli-
dene)-p-phenylenediamine (HEPTOBPD) as a standard.
The diagram of state (see figure 6) for the binary mixture
of the homologue n=8 and HEPTOBPD shows the J
phase to be continuous across the phase diagram.
Although crystallization interferes with the continuum of
the K phase across the diagram of state, nevertheless, since
there is no marked decrease in the CrJ-CrK temperatures
between 0 per cent and 40 per cent by weight of
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Figure 1. 4'-n-Decylbiphenyl-4-yl 5-n-alkylthiophene-2-
carboxylic acid: transition temperatures against n, the
number of carbon atoms in the alkyl group. (A) indicates
m.p., (@) mesophase-mesophase transition, and (®)
recrystallization at a cooling rate of approximately
3°Cmin~ L.

HEPTOBPD this is assumed to be good evidence for
the existence of the crystal K phase in the homologue
n=_8.

The enthalpy data (transition temperatures and tran-
sition enthalpies) obtained by differential scanning
calorimetry (DSC) for the 4'-n-decylbiphenyl-4-yl 5-n-
alkylthiophene-2-carboxylates (1: m = 10; n = 1-10) are
listed in table 4. These values (determined at a heating/
cooling rate of 10°C m ') refer to onset temperatures on
the second cooling cycle except of crystal—crystal transi-
tions and m.p.s which were recorded on the preceding
heating cycle. The transition temperatures are in good
agreement with those obtained by thermal optical mi-
croscopy although certain transitions (S~ Sg and CrJ—
CrK) associated with a very small enthalpy change were
not detected by DSC. Nevertheless, the results clearly
support the phase assignments discussed above.

Several crystal—crystal transitions were detected in all
the compounds studied. In general, these have very small
transition enthalpies and the values have not been included

130 o]
T CrHane | /S\ ||—09H19
120 —
— !
1o — \/
{
100 —
950 —1
TrC 80 —
0
60 -
50
B CRYSTAL
40
30 — - T T T
T |

Number of C atoms, n, in alkyl group
Figure 2. 4'-n-Nonylbiphenyl-4-yl 5-n-alkylthiophene-2-
carboxylic acid: transition temperatures against s, the
number of carbon atoms in the alkyl group. (A) indicates
m.p., (@) mesophase-mesophase transition, and (#)
recrystallization at a cooling rate of approximately
3°Cmin " .

in table 4, except for the compounds # = 2 and 3. These
homologues have a Cr—Cr transition associated with a
substantial transition enthalpy just prior to the m.p. (the
Cr—N transition) which has a very much smaller enthalpy
value.

A number of analogous esters, the 4'-n-alkylbiphenyl-
4-yl 4-n-alkylbenzoates (2) are cited in a patent [7].
However, transition temperatures for the 4’-n-octyl-,
-nonyl-, and -decyl-biphenyl-4-yl 4-rn-alkylbenzoates,
corresponding with the 5-n-alkylthiophene-2-carboxy-
lates of the present work, are not reported therein, nor does
the patent pay much regard to the types of smectic phases
shown by the benzoates. Accordingly, we have prepared
four homologues (2: m=10; n=7-10) in order to
compare the mesophase thermal stability of the 4-n-alkyl-
benzoates with the corresponding 5-n-alkylthiophene-2-
carboxylates. The transition temperatures of these esters
are: n-heptyl: Sc-N, 129-4°; N1, 146-6°; n-octyl: Sc—N,
131-8°, N-I, 143-5°, n-nonyl: Sc-N, 135.6°, N-1, 142.8°;
n-decyl: Sc—N, 136-3°; N-I, 140-8°C.
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Figure 3. 4'-n-nonylbiphenyl-4-yl 5-n-alkylthiophene-2-
carboxylic acid: transition temperatures against n, the
number of carbon atoms in the alkyl group. (A) indicates
m.p., (@) mesophase—mesophase transition, and (@)
tecrystallization at a cooling rate of approximately
3°Cmin .

¢

Thus, for the members m = 10, n = 7-10 inclusive, the
average nematic (143-4°C) and smectic (133.3°C)
mesophase thermal stability of the 4-n-alkylbenzoates (2),
is greater by 36-8°C and 30-6°C than the corresponding
values for the average nematic (106-6°C, assuming Ty to
be the same as Ts_ for #=10) and smectic (102.7°C)
mesophase thermal stability of the 5-n-alkylthiophene-2-
carboxylates (1). Our study of a very limited number of
4’-n-alkylbiphenyl-2-yl 4-n-alkylbenzoates (2) has re-
vealed that these esters also show quite extensive smectic
polymorphism. We intend to investigate and report on
a wider range of the 4-n-alkylbenzoates in a future
publication.

250
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150
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130

TI°C
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90 — - 90
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Co
70 — 70
Svi

N b

50 — ~ 50
b CRYSTAL r

30 I T T 30
0 20 40 60 80 100
A (100%) Wi % of B B (100%)

Figure 4. Binary phase diagram for mixtures (wt %) between
4'-n-decylbiphenyl-4-yl 5-n-propylthiophene-2-carboxy-
late (A) and TBBA (B). (@) indicates mesophase—
mesophase transition and (#) recrystallization at a cooling
rate of approximately 3°C min .

2.2. 4'-n-Nonylbiphenyl-4-yl 5-n-alkylthiophene-2-

carboxylates (1: m=9; n=1-10)

The liquid crystal behaviour of this homologous series
is very similar to that of the corresponding decyl
homologues discussed above and the transition tempera-
ture plot (see figure 2) reveals only minor differences.
All ten members show an enantiotropic nematic
mesophase and the points for the N-I transition tempera-
tures follow a similar trend to those for the decyl
homologues. However, as the homologue n = 10 is also
nematic, the rising curve for the Sc—N transition tempera-
tures does not meet the falling N-I transition temperature
curve. The distinctly different smectic behaviour of the
lower and higher members is even more marked in this
series than in the decyl homologues. In this instance, for
members, n = 2-5, show only a crystal G phase (n = 2 and
3 being monotropic) and the onset of smectic polymor-
phism is shifted towards the higher members and
commences at # = 6. This compound and the subsequent
higher homologues exhibit virtually identical smectic
properties to their decyl counterparts, the only differences
being that, in this instance, the Sc—S; and S;—Sr transition
temperature curves show a steeper downward trend as the
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Figure 5. Binary phase diagram for mixtures (wt %) between
4'-n-decylbiphenyl-4-yl  5-n-hexylthiophene-2-carboxy-
late (A) and TBDA (B). (@) indicates mesophase—

mesophase transition and () recrystallization at a cooling

rate of approximately 3°C min ~'.

higher homelogues are reached and the member n=9
does not give a crystal J phase due to the onset of
crystallization.

2.3. 4'-n-Ocylbiphenyl-4-yl 5-n-alkylthiophene-2-
carboxylates (1: m=8; n=1-10)

This homologous series exhibits similar liquid crystal
properties to the corresponding nonyl and decyl homo-
logues except that the octyl compounds do not give rise to
Sr phases. All ten member possess an enantiotropic
nematic mesophase and the plot (see figure 3) shows that
the points for the N-I transition temperatures follow the
same trend as that for the nonyl homologues. As with the
nonyl homologues, the early members (in this instance
n=3,4, and 5) give rise to a monotropic crystal G phase
and the change to smectic polymorphism commences at
n = 6. However, the S; phase of the members n = 6, 7, and
8 passes directly to the crystal J phase on cooling without
the incursion of the Sy phase shown by the nony! and decyl
homologues. At the S\—CrJ transition, the schlieren texture
of the Sy phase gives rise to the mosaic texture of the crystal
J phase which is quite different in appearance to the
schlieren-mosaic of an Sg phase. The existence of higher
order smectic phases for the members n=7-10 is
prevented by the occurrence of crystallization at a higher
temperature than for the decyl counterparts.

250 — J — 250
230 230
210 < 210
190 160
170 - 170
150 - 150
TrC TrC
130 130
110 - 110
90 90
70 70
-1 CRYSTAL
50 3 — 50
30 - T ‘ T oo 30
0 20 40 60 80 100
A (100%) Wt %of B (B 100%)

Figure 6. Binary phase diagram for mixtures (wt %) between
4'-n-decylbiphenyl-4-yl 5-n-octylthiophene-2-carboxylate
(A) and HEPTOBPD (B). (@) indicates mesophase—
mesophase transition and (#) recrystallization at a cooling
rate of approximately 3°Cmin .

3. Experimental

3.1. Analysis

Structural confirmation of the structures of the interme-
diates and the products was obtained by 'H NMR
spectroscopy (either Hitachi Perkin—Elmer R24-b 60 MHz
spectrometer of JEOL FX60Q 270 MHz spectrometer)
with tetramethylsilane as internal standard and infrared
spectroscopy (Perkin—Elmer 157 grating spectrophoto-
mer). Mass spectra were determined with an A.E.I. MS
9028 spectrometer equipped with a Mass Spectrometry
Services 200 console and an INCOS 2300 data system.
By hplc, the purity of the esters was established as 99-5 per
cent or better.

Thermal analysis was carried out with a Perkin—-Elmer
DSC7 differential scanning calorimeter and thermal
optical microscopy with a Vickers M75 polarizing
microscope in conjunction with a Mettler FP52 hot stage
and FP5 control unit.

3.2. Synthetic methods
The synthesis of several 5-n-alkylthiophene-2-car-
boxylic acids is reported in the literature [8-11]. In the
present work the route reported by Pomonis et al. [11], was
used. Each n-alkanoyl chloride, prepared by heating the
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Table 4. Transition temperatures (°C) and enthalpies (AH/kJ mol ™ ') (in italics) for the 4’-n-decylbiphenyl-4-yl 5-n-alkylthiophene-

2-carboxylates.

n Cr-Cr Cr-N N-1 Sc-1 Sc—N SN CrG-N S-S¢ S5 CrJ-S¢ CrK-Cr] N-Cr
1 99.9 115-8 64-4
28-00 078 22.80
CrG—Cr
2 69-5 729 106-4 (63-0) 184
25-66 128 0-81 554 14-00
3 736 757 1049 —% 725
11-80 0-19 1.57 10-90
Cr-CrK CrK—Cr
4 69-0 99.9 78-4 — — — 209
12-80 1-08 842 8-07
5 68-5 103.5 83-6 82-3 — 79.0 77-5 232
L v J
14-40 1-02 5-85% 0-09 0-06 24-70
6 627 100-0 89-1 84-2 — 74-6 — 434
12.52 1-67 4-32 2-60 0-16 9.58
Cr-Cr1J
7 74-0 103-0 94.7 829 — 74-3 (—) 42-0
14.97 1.70 3-51 242 0-18 11.03
Cr-S;
8 713 103-3 99.3 833 — (69-6) () 43.7
15-61 1-97 4.58 227 0-24 10-70
9 77-5 104-5 102-6 81-8 — (66-3) (—) 410
18-46 2:52 4-41 1-89 0-12 12-99
CrlCr
10 737 102-7 792 — (56-2) 34.2
16-59 812 1.59 0-78 9.81

Symbols have their usual meaning: Cr, crystal; N, nematic; S, smectic A; CrJ, crystal J; 1, isotropic liquid, etc. Thus, Cr—N indicates
the temperature (m.p.) at which the crystal (Cr) melts to the nematic phase (N).
Temperature of crystallization (at a cooling rate of approximately 3°C min~1!).

Values in parentheses are for monotropic transitions.

T Transition detected by optical microscopy, but not differential scanning calorimetry.

1 Enthalpy value for two unresolved peaks.

appropriate carboxylic acid with thionyl chloride, was
distilled and used immediately to give the corresponding
2-acylthiophene by Friedel-Crafts acylation of thiophene
in the presence of tin(IV) chloride (which caused minimal
ring-opening of the thiophene nucleus) as the Lewis acid
catalyst. Reduction of the 2-acylthiophene by the Huang—
Minlon modification of the Wolff—Kishner reaction gave
the appropriate 2-n-alkythiophene which was lithiated at
the 5-position with n-butyllithium. Treatment with solid
carbon dioxide followed by appropriate work-up then
gave the required 5-n-alkylthiophene-2-carboxylic acid.

The 4-hydroxy-4’-n-octyl-, -nonyl- and -decyl-
biphenyls were prepared from 4-cyano-4'-propyloxy-
biphenyl. Treatment of this cyano-compound with the
appropriate Grignard reagent afforded the required 4-n-
alkanoyl-4’-propyloxybiphenyl which, on reduction by
the Huang-Minlon—Wolff-Kishner method, gave the
corresponding 4-n-alkyl-4'-propyloxybiphenyl. Cleavage
of the propyl ether linkage with hydrobromic acid [12]
then afforded the required 4-n-alkyl-4’'-hydroxy-
biphenyl.

3.3. Materials

3.3.1. n-Alkanoyl chlorides

The appropriate n-alkanoic acid (0-36 mol) was heated
under reflux with thionyl chloride (100 g, 1-0 mol) for 2h
after which the excess of thionyl chloride was removed,
the residue distilled, and the resulting pure n-alkanoyl
chloride, a clear liquid, then used without delay.

3.3.2. 2-Acylthiophenes

Tin(IV) chloride (35 g, 0-135 mol) was added, dropwise
with efficient stirring, to a solution of the appropriate
n-alkanoyl chloride (0-27 mol) in dry dichloromethane
(225 cm®) maintained at 0-5° throughout the addition.
Stirring was continued for 1h, whereafter the reaction
mixture was poured into 2M aqueous hydrochloric acid
(450 cm?) and ice. After stirring vigorously for 1h, the
organic layer was separated and washed with aqueous
NaHCO; (2 X 200cm®), water (200cm®), and dried
(MgS0O,). The solvent was removed and the residue
distilled under reduced pressure to give the 2-acylthio-
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phene (75-90 per cent) as a clear liquid. B.p.s were in good
agreement with those reported in the literature [13-15].
The following spectroscopic data refer to 2-n-
decanoylthiophene: vy, (thin film) 3100 (arom. C-H str.)
2920, 2850, 1665 (C=0 str.). 1415, 1355, 1233, 857
(2-subs. thiophene [10}), 718 cm ~ '; 31 (CDCl3) 0-89 (3 H,
t, CHs3), 1-27 (14 H, m, alkyl CH>), 2-89 (2H, t, COCH»)
7-04-7-75 (1 H, m; 2H, m, 2-subs. thiophene) ppm.

3.3.3. 2-n-Alkylthiophenes

A mixture of the appropriate 2-acylthiophene
(0-18 mol), hydrazine hydrate (45g, 0-9mol), and di-
ethylene glycol (360cm®) was heated for 2-5h during
which the temperature of the mixture was slowly raised to
210°C and 50 cm’ of distillate was removed. The mixture
was cooled, potassium hydroxide (50-4 g, 0-9 mol) added,
and the temperature raised to and maintained at 210°C for
a further 3 h. After cooling, the mixture was acidified with
concentrated hydrochloric acid and shaken with chloro-
form (3 X 300 cm?). The combined extracts were washed
with water (300cm?), dried (Na,SO.), the solvent re-
moved, and the residue purified either by vacuum
distillation or column chromatography on silica gel,
eluting with light petroleum (b.p. 40-60°C), to give the
2-n-alkylthiophene (40-70 per cent) as a clear oil. B.p.s
corresponded with those reported in the literature [13, 15].

A more suitable procedure for lower boiling homo-
logues, for example, 2-n-propylthiophene, was to heat the
reaction mixture at 145°C, under reflux, for 1h after the
addition of KOH. The temperature of the reaction mixture
was then raised to 210°C, as the product was allowed to
distil off. The product was then extracted from the
distillate with chloroform, and isolated as described
above.

The following spectroscopic data for 2-n-decylthio-
phene are typical of the series: vy (thin film) 2065
(arom. C—H str.), 2920, 2850, 1463, 1438, 1375, 850, 818
(2-subs. thiophene)cm ™ !; 8y (CDCls) 0-90 (3H, t, CHs),
1-27 (16 H, m, alkyl CH>), 2-80 (2H, t, CH>), 6:63-7-07
(3H, m, 2-subs. thiophene) ppm.

3.3.4. 5-n-Alkylthiophene-2-carboxylic acids

1-6 M n-Butyllithium in hexane (16-25 cm?®, 0-026 mol)
was added, with stirring over 20 min at — 10°C, to the
appropriate 2-n-alkylthiophene (0-026 mol) in dry ether
(70cm®), under nitrogen. The reaction mixture was
allowed to warm to room temperature, stirred for a further
90 min, and then poured onto a large excess of powdered
solid CO,, under nitrogen. The mixture was stirred for a
further 60 min, allowed to warm to room temperature, and
water (100 cm®) added prior to the final 10 min of stirring.
The aqueous and organic layers were separated and the
aqueous layer was acidified with concentrated hydrochlo-
ric acid and cooled in ice. The resulting carboxylic acid,

if released as a solid, was filtered off and purified by
recrystallization as described below. If the product was not
obtained as a solid at this stage, the acidified solution/
emulsion was shaken with ether (3 X 50 cm?), and the
extracts were combined, dried (Na;SO),), and the solvent
evaporated off. The solid residue was then recrystallized
twice from hexane and from light petroleum (b.p.
40-60°C). The 5-n-alkylthiophene-2-carboxylic acids
(40-70 per cent) were obtained as colourless crystalline
solids, m.p.s (°C): CH; 136-137 (lit. [8] 136); C:H5 70-71
(71 [8.,9]); C3H; 57-2-58-5 (59 [8]); CaHo 52-53 (52 [8]);
CsH, 69-70 (70 [9]); C¢H13 63—64 (63 [8]); C;H5 73-74
(73 [8)); CsHy7 74-75 (75 [8,9]); CoHy9 76-77 (75-76
[11]); CioH21 82-83 (83-84) [10]).

The following spectroscopic data refer to 5-n-decylthio-
phene-2-carboxylic acid, and are typical of the series: viax
(KBr1) 3000 (OH str., br), 2953, 2918, 2848, 1682 (C=0
str.), 1465, 1296 (C-O str.), 938, 753, 724cm™ % dy
(CDCl3) 0-88 (3H, t, CH), 1-25 (16 H, s, alkyl CH), 2-85
(2H, t, CH), 6:81 and 7-71 (2H, dd, 2,5-disubs. thio-
phene), 9-69 (1H, s, CO,H, exchanges with D,0) ppm.

3.3.5. 4-n-Alkanoyi-4'-n-propyloxybiphenyl

4-Cyano-4’-n-propyloxybiphenyl (42g, 0-18 mol) in
dry tetrahydrofuran (200 cm®) was added, at room tem-
perature during 30min, to the appropriate Grignard
reagent, prepared in the usual manner from the corre-
sponding n-alkyl bromide (0-18 mol) and magnesium
(4-8g, 0-20mol) in dry tetrahydrofuran (160 cm?). The
reaction mixture was heated under reflux for 1-5 h, cooled,
10 per cent aqueous hydrochloric acid (400 cm?) added
slowly with stirring, then left to stand overnight and
shaken with dichloromethane (2 X 300 cm?®). The extracts
were combined, dried (Na,S0,), the solvent removed
under reduced pressure, and the residue recrystallized
from methylated spirit. The 4-r-alkanoyl-4’-n-propyloxy-
biphenyls (53-75 per cent) were obtained as colourless
crystalline solids, m.p.s/mesophase transition tempera-
tures (°C) (lit. [16] °C): C;H;sCO Cr-Sg 118-1 (118-0),
Se—Sa 120-3 (121-0), So-1 1447 (145-2); CgH17CO Cr-Sg
113:6 (115-0), Sg—Sa 120-5 (120-3), Sa-1 143-1 (143-0);
CsH,oCO Cr—Sg 107-6 (106-0), Sg—Sa 118:2(119:5), S5-T
140-2 (141-0).

The following spectroscopic data for 4-n-octanoyl-4'-
propyloxybiphenyl are typical of the series: vmax (KBr)
2952, 2922, 2865, 1681 (C=0 str.), 1602, 1260, 1195,
811cm™'; 8y (CDCls) 0-69-2-16 (18 H, m, alkyl CH,,
CH3), 2997 (2H, t, COCH,), 397 (2H, t, ArOCH,),
6-90-8-68 (8 H, m, ArH) ppm.

3.3.6. 4-n-Alkyl-4'-n-propyloxybiphenyls

A mixture of the appropriate 4-n-alkanoyl-4'-n-propy-
loxybiphenyl (0-13 mol), 99 per cent hydrazine hydrate
(37-5g, 0-75mol), and potassium hydroxide (37-5g,
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0-67 mol) in diethylene glycol (235 cm®) was heated under
reflux, with stirring, at 110°C for 10 h. Distillate was then
removed from the reaction mixture until the temperature
of the liquid remaining in the flask reached 180°C. Care
was required as the reaction became noticeably exother-
mic at approximately 130°C. The temperature was
maintained at 180°C for 8h and the mixture was then
cooled, poured into water (400 cm?), and shaken with
dichloromethane (2 X 350cm®). The combined extracts
were washed with (2 X 350cm’), dried (MgSQ;), the
solvent removed under reduced pressure, and the residue
recrystallized from methylated spirit. The 4-n-alkyl-4'-n-
propyloxybiphenyls (85-95 per cent) were obtained as a
pale yellow crystalline solids, m.p.s (°C): CsH;; 70-70-5,
CsHyg 69-70, CioHyy 72-73.

The following spectroscopic data are for 4-n-octyl-4'-n-
propyloxybiphenyl: vmax (KBr) 2962, 2918, 2847, 1608,
1501, 1256, 810cm ~!; oy (CDCls) 0-61-2-10 (20H, m,
alkyl CH,, CH3,), 2-62 (2H, t, OCHy), 6-92-7-95 (8 H, m,
ArH) ppm.

3.3.7. 4-n-Alkyl-4'-hydroxybiphenyl

Acetic anhydride was added, with stirring over 5 min,
to the appropriate 4-n-alkyl-4'-n-propyloxybiphenyl
(0-05 mol) in a mixture of glacial acetic acid (35 cm®) and
48 per cent aqueous hydrobromic acid (35cm?). The
reaction mixture was heated under reflux for 18 h, then
cooled, water (250 c®) added, and, after the continuation
of stirring for a further 30min., shaken with
dichloromethane (4 X 125cm?®). The combined extracts
were washed with water (2 X 250cm?), dried (MgSQ,),
and the solvent removed under reduced pressure. The
residue was purified by flash chromatography [17] on a
silica gel column, eluting with chloroform, followed by
recrystallization chloroform-light petroleum (b.p. 60—
80°C). The 4-n-alkyl-4'-hydroxybiphenyls (25-35 per
cent) were obtained as colourless crystalline solids, m.p.s
(°C) (lit. [18] °C): CsH;7 139-139-5; CoHyo 139-140
(139-140); CoHz; 141-141-5 (142).

The following spectroscopic data refer to 4-hydroxy-4'-
n-octylbiphenyl: vmax (KBr) 3430 (OH str., br.), 2955,
2920, 2850, 1678, 1598, 1499, 1267, 812cm ™ '; &y
(CDCls) 0-72-1-90 (15 H, m, alkyl CH,, CH3) 2-62 (2H,
t, ArCH;), 5-14 (1H, s, OH, exchanges with D,;O),
6-78-7-62 (8 H, m, ArH) ppm.

3.3.8. 4'-n-Alkylbiphenyl-4-yl 5-n-alkylthiophene-2-car-
boxylates (1)

Trifluroroacetic anhydride (0-5g, 0-0025mol) was
added to the appropriate 4-n-alkyl-4’-hydroxybiphenyl
(0-002 mol) and S-n-alkylthiophene-2-caroboxylic acid
(0-002mol) in dry dichloromethane (50cm?®) and the
mixture was stirred for 10-15h protected from atmo-
spheric moisture. When the esterification was complete

(tlc) the solvent was removed under reduced pressure and
the residue was purified by column chromatography,
firstly on neutral alumina (Brockmann grade 1), eluting
with chloroform, and then on silica gel, eluting with
toluene-light petroleum (b.p. 60-80°C). The ester was
recrystallized from ethanol and from light petroleum (b.p.
60-80°C) until the m.p. and N-I transition temperatures
remained constant. The yields after one crystallization
were 35—60 per cent. The purity of the esters was = 99-5
per cent by hplc. M.p.s and liquid crystal transition
temperatures are listed in tables 1, 2, and 3.

The spectroscopic characteristics of the esters of the
three homologous series investigated are very similar and
the following data refer to 4’-n-decylbiphenyl-4-yl 5-n-
decylthiophene-2-carboxylate: Found: C, 79-0, H, 9-72
per cent; m/z 560 (15 per cent), 251 (100). C37;Hs,0,S
requires C, 79-28, H, 9-28 per cent; M, 560; vma (KBr)
2957, 2922, 2852, 1715 (C=0 str.), 1492, 1453, 1283,
1167, 797, 745cm ™! 8y (CDCls) 0-70-1.98 (38 H, m,
alkyl CH,, CHs), 2-49-3-04 (4 H, m, ArCH,), 6-80-7-88
(10H, m, ArH) ppm.

3.3.9. 4'-n-Alkylbiphenyl-4-yl 4-n-alkylbenzoates (2)

These esters were prepared in an analogous manner
from the appropriate 4-n-alkyl-4’-hydroxybiphenyl and
4-n-alkylbenzoic acid. Liquid crystal transition tempera-
tures are given in the text.

The following spectroscopic data refer to 4'-n-decyl-
biphenyl-4-yl 4-n-decylbenzoate: Found: C, 84.99, H,
9-88 per cent; m/z 554 (15 per cent), 245 (100). CaoHs40»
requires C, 84-47, H, 9-75 per cent; M 554; v (KBr1)
2958, 2920, 2857, 1730 (C=0y, ) 1495, 1468, 1275, 1080,
810, 720cm ~ !; 8y (CDCl3) 09 (6 H, t, 2 X CH3), 1-2-1-3
(28 H, m, alkyl CHy), 1-7 (4H, m, 2 X ArCH,;CH>), 2-7
(4H, m, 2 X ArCH,), 7-2-8-2 (12H, m, ArH) ppm.
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G. Haran of the Boots Co. plc for mass spectral
determinations. During their tenure of post-doctoral
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Brown for some preliminary synthetic work on certain
compounds.
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