
This article was downloaded by: [Tomsk State University of Control
Systems and Radio]
On: 23 February 2013, At: 02:54
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: Mortimer House, 37-41 Mortimer Street,
London W1T 3JH, UK

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

The Liquid Crystal
Properties of 4-n-Alkyl-
and 4-n-Alkoxy-phenyl
4-n-Alkylbicyclo (2.2.2)
octane-1-carboxylates
G. W. Gray a & S. M. Kelly a
a Department of Chemistry, University of Hull,
HULL, HU6 7RX, UK
Version of record first published: 14 Oct 2011.

To cite this article: G. W. Gray & S. M. Kelly (1981): The Liquid Crystal
Properties of 4-n-Alkyl- and 4-n-Alkoxy-phenyl 4-n-Alkylbicyclo (2.2.2) octane-1-
carboxylates, Molecular Crystals and Liquid Crystals, 75:1, 95-108

To link to this article:  http://dx.doi.org/10.1080/00268948108073606

PLEASE SCROLL DOWN FOR ARTICLE

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

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make
any representation that the contents will be complete or accurate or
up to date. The accuracy of any instructions, formulae, and drug doses

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948108073606
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


should be independently verified with primary sources. The publisher
shall not be liable for any loss, actions, claims, proceedings, demand, or
costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

2:
54

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst.. 1981, Vol. 75, pp. 95-108 

0 1981 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

0026-8941/8 1/7504-0095 $06.50/0 

The Liquid Crystal Properties of 
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Department of Chemistry, University of Hull, HULL, HU6 7RX, UK 

(Received February 16, 1981) 

Two new series of esters incorporating the 1,4-disubstituted bicyclo(2.2.2)octane ring system are 
reported. Thirty-three Cn-alkylphenyl4-n-alkylbicyclo(2.2.2)octane-l-carboxylates and thirty4- 
n-alkoxyphenyl 4-n-aIkylbicyclo(2.2.2)octane-I-carboxylates have been prepared and found to 
exhibit wide-range nematic phases persisting until higher temperatures than those of the corres- 
ponding esters containing either the rrans-l,4-disubstituted cyclohexane ring or the 1.4-disubsti- 
tuted benzene ring in place of the bicyclo-octane ring. Mixtures of these novel bicyclo-octane es- 
ters with cyanobiphenyls have been found to be superior for multiplexing applications in twisted 
nematic cells to equivalent mixtures employing Cn-alkylphenyl 4-n-alkoxybenzoates or 4-n-al- 
koxyphenyl trans-4-n-alkylcyclohexane- I-carboxylates. 

INTRODUCTION 

During the last two years, much of the work in our  laboratories has been con- 
cerned with further liquid crystalline materials containing the 1 ,Cdisubsti- 
tuted bicyclo(2.2.2)octane ring system. This interest has developed from our 
earlier studies'-3 of bicyclo(2.2.2)octane systems with terminal nitrile func- 
tions, i.e., materials which were of high positive dielectric anisotropy in the 
nematic phase. Mesogenic derivatives of bicyclo-octane (some also with ter- 
minal nitrile groups) were also the subject of papers presented by us at  the 
Kyoto Conference, and this information will be published in the near f ~ t u r e . ~  

Although the gradients of the transition lines obtained on plotting the ne- 
matic-isotropic transition temperatures (TN-I) against the alkyl chain length 
differ substantially from series to series of the bicyclo-octane materials that 
have been studied, and this makes comparisons difficult for very early homo- 
logues (see later), the most significant aspect of the studies of the terminally 
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96 G .  W. GRAY and S. M. KELLY 

cyano-substituted bicyclo-octanes is that in the great majority of cases the TN-I 
values for the bicyclo-octane compounds are very significantly higher than 
those of the corresponding compounds in which the bicyclo-octane ring is re- 
placed by a rrans-l,4disubstituted cyclohexane ring or a 1,Cdisubstituted 
benzene ring. 

The following examples in Tables I and I1 illustrate the magnitude of the 

TABLE I 

Comparative for systems of the general structure 

X # 
C3Hi 68 (25.5) 36 46 66.5 88 
C S H I I  22.5 35 31 55 62 100 
C7H I s 28.5 42 30 59 61 95 

( ) Monotropic transition. 

TABLE I1 

for systems of the general structure Comparative 

X 

R e  co .+ CN 

a- 
R C-N or 1 (") N-I (") C-N (") N-I ( 0 )  C-N or 1 ( 0 )  N-I ( 0 )  

CIHP 61 (42.5) 56 68 99 (96) 
C5H I I 64.5 [581 41 19 89 I09 
C ~ H I I  44.5 41 49.5 71 77 102 
C7H I 5 44 51 54 83.5 54 106 

( ) Monotropic transition. 
[ ] Virtual transition temperature. 
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BICYCLOOCTANE CARBOXYLATES I 91 

effects that have been observed for compounds of the general structure ((I) 
and (11)). 

These, and other  example^,^ define the order of decreasing TN-I as follows: 

As already reported,'however, when the TN-I values are high, as in the case 
for compounds with the general structures (111) and (IV) below, 

R-CN 

where ring X may be bicyclo-octane, cyclohexane, or benzene, the relative po- 
sitions of cyclohexane and benzene in the above order are either reversed (111) 
or about equal (IV). 

In other papers presented at the Kyoto Conference, the implications of 
these observations are d i s c ~ s s e d , ~  but for the present purposes, the important 
fact is that the TN-I values of the bicyclo(2.2.2)octane compounds are consist- 
ently higher than those of the corresponding cyclohexane and benzene sys- 
tems, except possibly, as already mentioned, when methyl and ethyl homo- 
logues are involved. 

The other significant factor to emerge from the study of the cyano-substi- 
tuted bicyclo-octanes was the low temperature dependence of the threshold 
voltage of nematic mixtures of the l-n-alkyl-4-(4'-cyanophenyl)bicyclo(2.2.2) 
octanes in twisted nematic cells. These results and other features of theelectro- 
optical properties of these bicyclo-octanes were reported" at  the Kyoto Con- 
ference by our colleagues from the Royal Signals and Radar Establishment. 

These general results encouraged us to examine the bicyclo-octane esters 
((V) and (VI)) with terminal n-alkyl and n-alkoxy groups. 
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98 G .  W. GRAY and S. M. KELLY 

The decision to prepare the bicyclo-octane esters ((V) and (VI)) was 
strongly influenced by the fact that the analogous 4-n-alkylphenyl Cn-alkoxy- 
benzoates" (VII) and the 4-n-alkaxyphenyl trans-4-n-alkylcyclohexane- 1- 
carboxylates* (VIII) are 

W e .  O O R '  / \  

of considerable commercial interest because their admixture with materials of 
high positive dielectric anisotropy gives nematic phases which function well in 
twisted nematic displays with a multiplexed drive."," The aim of this work 
was, therefore, to produce nematogenic bicyclo-octane esters ((V) and (VI)) 
with similar electro-optical properties to the analogous benzoate and cyclo- 
hexanoate esters ((VII) and (VIII)), but with significantly higher TN-I values 
andperhaps a much lower dependence of threshold voltage on temperature. If 
the novel bicyclo-octane esters ((V) and (VI)) did exhibit such physical proper- 
ties, then they might be of considerable commercial interest for multiplexed 
electro-optical display devices. 

RESULTS AND DISCUSSION 

Preliminary results for a few homologues of these two series of bicyclo-octane 
esters have been reported briefly elsewhere. l 4  However, complete data for 
thirty-three dialkyl bicyclo-octane esters (V) and thirty alkyl/alkoxy esters 
(VI) are now recorded in Tables I11 and IV respectively. Typical examples of 
how the transition temperatures change with lengthening alkyl chain are 
shown in Figures 1 and 2. The dialkyl bicyclo-octane esters (V) are exemplified 
in Figure 1 (for R, n-CsH11). All the curves for this series possess this concave 
shape and presumably with longer chains would reach a maximum before fall- 
ing again. The alkyl/alkoxy bicyclo-octane esters (VI) are exemplified in Fig- 
ure 2 (for R, n-C7H15). In this case the TN-I curve is slightly convex; in other 
cases the degree of convexity is more pronounced, whereas other series may 
exhibit concave curves similar to those shown in Figure 1. 

The results recorded in Tables 111 and IV illustrate the types of smectic 
phase which have been observed and the lateness in the series of both types of 
ester at which these smectic properties occur, i.e., the majority of the esters 
examined are purely nematic (twenty-five out of thirty-three dialkyl esters (V) 
and twenty-five out of thirty alkyl/alkoxy esters (VI)). When smectic phases 
are observed (for long alkyl chain lengths), these are Sephases in the case of 
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BICYCLOOCTANE CARBOXYLATES I 99 
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Number of carbon atoms in the alkyl group R' 

FIGURE I Plot of the transition temperatures against number ofcarbons in the alkyl chain R' 
of the estersformulated: 0,  nematic-isotropic liquid transition; A,smectic B-nematic transition; 
0, crystal-smectic B or nematic transition. 
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Number of carbon atoms in the alkoxy group OR' 
FIGURE 2 Plot of the transition temperatures against number of carbonsin thealkyl chain R' 
of the esters formulated: 0, nematic-isotropic liquid transition; A ,  smectic A-nematic transition; 
W, crystal-smectic A or nematic transition. 
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I00 G. W. GRAY and S. M. KELLY 

TABLE 111 

Data for the compounds of structure 

Transition temperatures ("C) 
n-R n - R  C--Ss/N/I SB-N N-I 

67 
57 
29.5" 
47.5 
52.5 
8 

49 
50 
38.5 
30 
28.5 
23 
26.5 
48 
59.5 
38.5 
31' 
23.5 
34.5 
41 
44.5 
41 
46.5 
38 
40 
44' 
48 
58.5 
34 
33 
21 
34.5 
34 

[611 
(44) 
55.5 

(45.5) 
53 
53 

(35.5) 
(47) 
(38) 
49 
43 
52 
50.5 
55  
66.5 
54 
64.5 
58.5 
65 
62.5 
47.5 
60 
51 
54.5 
54 
57 
59.5 
71 
53 
62 
60 
69 
67 

( ) Monotropic transition 
[ ] Virtual transition temperature 
'AH, 30.7 kJ mo1-l 
bAH, 29.8 kJ mol-I 
AH, 34. I kJ mo1-l 
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BICYCLOOCTANE CARBOXYLATES I 

TABLE IV 

Data for compounds of the structure 

101 

Transition temperatures ("C) 
n-R n - R  C-SA/N/I SC-s.4 SA-N N-I 

61 
48" 
40 
73.5 
50 
52 
49 
32.5 
51.5 
46 
53 
44.5 
41 
42' 
50.5 
54.5 
57 
53.5 
62.5 
48 
47 
47.5 
58.5 
54 
57 
50.5 
42 
51 
54 
57.5 

89 
94 
87 
90.5 
85 
87.5 
81.5 
84.5 
85 
88 
84 
83 
95 

100 
93.5 
97 
93 
95.5 
87.5 
93.5 
84 
86 
88.5 
90 
93 
97.5 
92 
96 
92 
94 

( ) Monotropic transition temperature 
"AH, 35.0 kJ mo1-l 
'AH, 33.6 kJ mol-I 

the dialkyl esters (V) and Scand/or  Sa phases in the case of the alkyl/alkoxy 
esters (VI). 

The results in Tables 111 and IV demonstrate clearly that these novel bicy- 
clo-octane esters ((V) and (VI)) constitute two new and interesting series of 
materials with strong nematic tendencies. The nematic temperature ranges are 
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102 G. W. GRAY and S. M. KELLY 

wide, and in the case of the dialkyl esters (V), several of the homologues pre- 
pared are very low melting. The dialkyl ester (3/8) is a particularly good ex- 
ample, melting at 8", and giving a nematic phase until 53". Indeed, nine of the 
thirty-three dialkyl esters melt at 30" or below. The lowest melting alkyVal- 
koxy ester (4/04) melts at 32.5" and remains nematic until 84.5". 

It is interesting to compare the liquid crystal properties of the new bicyclo- 
octane esters with those of the analogous benzoate esters and cyclohexane-l- 
carboxylate esters. Some typical data are recorded in Table V. 

The melting points of these three different ester types are variable, but in 
some cases the bicyclo-octane ester can be the lowest melting. However, a con- 
sistent trend of decreasing TN-I value for the esters is observed and may be 
represented as 

Because of the high TN-I (agreeing with the general order quoted in the intro- 
duction) values and thevariable behavior ofthe mps over the three series, the 
bicyclo-octane esters very often possess wider nematic temperature ranges 
than the analogous benzoates and cyclohexane-l-carboxylates. Indeed, when 
the melting point trends are most favorable, the wider range nematic phases 
for the bicyclo-octane esters not only persist until higher temperatures, but 
also commence at lower temperatures than do those for the other two ester 
systems. For example, for one particular homologue (with R, n-CsHI1; R', 
OGH9-n) of these three esters, the following results are obtained: 

( I )  benzoate ester-nematic range, 8 . 5 O  from 49"; 
(2) cyclohexane ester-nematic range, 32" from 49"; 
(3) bicyclo-octane ester-nematic range, 58" from 42". 
From the somewhat limited information available, the trends in smectic 

properties over the esters containing the three ring systems would appear to 
be: 

(1) dialkyl esters 

(for SA/SB phases) 
alkyl/alkoxy esters 

(for SA/SC phases) 
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104 G. W. GRAY and S. M. KELLY 

Two points should however be noted. 

(1) The dialkyl bicyclo-octane esters exhibit SB phases, whereas the corres- 
ponding cyclohexane esters exhibit SA and/or &phases. Therefore, the 
comparison of the relative smectic tendencies for these two systems 
cannot be considered as strict. 

(2) In relation to the smectic orders for both the dialkyl and the alkyl/al- 
koxy series of esters, we should remember that no smectic phases have 
been recorded for the benzoate esters. Even an ester with two long ter- 
minal alkyl chains (9 /9 )  is still purely nematic (C-N, 44.5'; N-I, 
(400)). 

PHYSICAL PROPERTIES 

These two series of liquid crystalline esters containing the 1,Cdisubstituted 
bicyclo(2.2.2)octane ring system, many of whose members are low melting 
and give good nematic ranges, have provided new nematic materials of poten- 
tial for application in electro-optical display devices. The electro-optical and 
other physical properties of these bicyclo-octane esters have been studied by 
our colleagues at RSRE, Malvern, and their detailed results" on these and 
other related systems, were presented at the Kyoto Conference. However, the 
most significant features of their results for the bicyclc-octane esters ((V) and 
(VI)) may usefully be summarized briefly in the present context. 

(1) The esters are colorless and of good thermal stability. 
(2) Their smectic properties are not pronounced. In admixture with cyano- 

biphenyls, the dialkyl esters (V) show less pronounced injection of 
mono-layer, Sa phases than do the analogous benzoate and cyclohex- 
anoate esters. For 60 wt '3% mixtures of each of the three dialkyl ( 5 / 5 )  
ester types with 40 wt % of 4-cyano-4'-n-nonylbiphenyl (K27), the in- 
jected smectic properties lie in the following order based on the temper- 
ature for TN-I - Ts~-N/TN-I:  

(3) The dialkyl esters (V) have good mixing properties with one another 
and with cyanobiphenyls. A binary mixture (A) of two homologues 
(3/5 and 5 / 5 )  of the dialkyl bicyclo-octane esters possesses a low melt- 
ing point (C-N, 5') and a high clearing point (N-I, 58'). 

(4) This simple mixture (A) exhibits a low birefringence (AR,  0.075), a low 
dielectric anisotropy (Ae, -0.6), and a moderately low viscosity (v ,  20°, 
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BICYCLOOCTANE CARBOXYLATES I 105 

34 cP; O”, 110 CP). 
(5) A secondary mixture derived from cyanobiphenyls (60 wt %) and the 

mixture (A) (40 wt %) has a good sharpness in a twisted nematic cell 
(M,,, I .73) and a low temperature dependence of the threshold voltage 
(l/V.dV/dT, 0.35% C’). 

The physical properties and electro-optical responses of the alkyl/al- 
koxy bicyclo-octane esters (VI) in admixture with cyanobiphenyls are 
essentially similar to those of the dialkyl esters (V), except that the 
temperature dependence of threshold voltage is even lower (l/V-dV/dT, 
0.2%), although the viscosity is somewhat higher. 

CONCLUSION 

The two new series of esters ((V) and (V1))containing the 1,4-disubstituted bi- 
cyclo(2.2.2)octane ring exhibit strong nematic character and are of moderate 
viscosity, low birefringence, and low dielectric anisotropy in the nematic 
phase. The clearing points of the esters are consistently higher than those of 
the corresponding benzoate and cyclohexanoate esters. The physical and elec- 
tro-optical properties of these esters and their mixtures with, for example, 
cyanobiphenyls, give these esters real advantages for application in twisted 
nematic (and cholesteric-nematic phase-change) devices with multiplexed 
drive systems. The most significant features of mixtures of these esters with 
cyanobiphenyls are the good sharpness, and low temperature dependence of 
the threshold voltage, and the low tendency for injected smectic properties. 

EXPERIMENTAL 

Trans1 tlon temperatures 
The liquid crystal transition temperatures recorded in Tables 111 and IV were 
determined by optical microscopy using either a Nikon L-Ke polarising mic- 
roscope or a Vickers M72c polarising microscope in conjunction with a 
Mettler FP52 heating stage and FP5 control unit. The Mettler stage could be 
cooled (<-20”) by allowing nitrogen gas, cooled by liquid nitrogen, to pass 
through the stage. In those instances when it was not possible to  observe a 
liquid crystal transition directly, “virtual” nematic-isotropic liquid (N-I) 
transition temperatures were determined in the usual way.3 

Spectral analyrls 
Infra-red, ‘H nmr and mass spectra were determined using, respectively, a 
Perkin Elmer 457 spectrometer, a Jeol JNM-4H 100 Mz spectrometer, and an 
AEI MS902 mass spectrometer. 
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106 G. W. GRAY a n d S .  M. KELLY 

Differential thermal analysis 
Enthalpies of fusion of the most stable crystal forms of the esters ((V) and 
(VI)) were measured using a Stanton Redcroft (Model 671) low temperature 
differential thermal analyser (DTA). Indium was used as a standard for Cali- 
bration, and the degree of error for the recorded enthalpy values is estimated 
at &lo%. 

Structure and purity 
Infra-red, 'H nmr and mass spectra of the 4-n-alkylbicyclo(2.2.2)octane-l- 
carboxylic acids were obtained and compared with those ofthe known methyl 
and ethyl homologues previously reported by Holtz and Stock.I6 The spectra 
were found to be identical in all essential aspects. Combustion analyses (C and 
H) were obtained and the experimental results were found to be in good 
agreement with the required and calculated values-see Table V1. 

The 'H nmr, infra-red and mass spectra of the bicyclo-octane esters ((V) and 
(VI)) were consistent with the required structures, and eachester gave asingle- 
spot on thin layer chromatography (tlc). Analysis of the esters by gas-liquid 
chromatography (glc) indicated purities of at least 99.0% and values of99.9% 
were common. 

Preparation of materials 
The necessary 4-n-alkylbicyclo(2.2.2)octane- 1-carboxylic acids were prepared 
from the known 1-n-alkyl-4-bromobicyclo(2.2.2)octanes3 by a modified 
Koch-Haaf reaction. These acids were converted into the acyl chlorides in the 

TABLE VI 

Analytical data for the 4-n-aIkylbicyclo(2.2.2)octane-I-carboxylic acids 

Found (%) 
Alkyl C H 

Methyl* 71.3 9.6 
Ethyl* 72.6 9.9 
Propyl 73.4 10.4 
Butyl 74.3 10.4 
Pentyl 75.0 10.8 
Hexyl 75.5 11.0 
Heptyl 76.2 11.2 
Octyl 76.7 11.3 
Nonyl 77.2 11.5 

Required (%) 
C H 

71.4 9.6 
72.5 9.95 
73.4 10.3 
74.2 10.5 
74.95 10.8 
75.6 11.0 
76.1 11.2 
76.6 11.35 
77. I 11.5 

*Calculated for (9%) in the case of methyl and ethyl 
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BICYCLOOCTANE CARBOXYLATES I 107 

normal way and interacted, without further purification, with the appropriate 
4-n-alkylphenols and 4-n-alkoxyphenols using a modified literature method," 
to yield the 4-n-alkylphenyl and 4-n-alkoxyphenyl4-n-alkylbicyclo(2.2.2)oc- 
tane-1-carboxylates ((V) and (VI)). The esters were purified in the normal way 
by chromatography and subsequent distillation or crystallization. 

The appropriate 4-n-alkylphenols and 4-n-alkoxyphenols were supplied by 
BDH Chemicals Limited (Poole), Dorset, UK, under a Supply Contract from 
the UK Ministry of Defense. 

4-n-Alkylbicyclo(2.2.2)octane-l-carboxylic acids. Concentrated formic acid 
(98/100%, 30 cm3) was added dropwise over a 6 h period to  a vigorously 
stirred mixture of l-n-alkyl-4-bromobicyclo(2.2.2)octane (0.0179 mol), anhy- 
drous silver sulphate (0.0179 mol), and concentrated sulphuric acid (300 cm3) 
initially cooled to 0" and maintained under anhydrous conditions. 

The reaction mixture was then poured onto ice (800 g) and shaken for 20 
min. The aqueous layer was decanted from inorganic solid and shaken with 
chloroform (3 X 200 cm3). The combined organic layers were washed with 
dilute aqueous potassium carbonate (2 X 200cm3) and with water (2 X 1,000 
cm3), and then dried (MgSO,). The crude 4-n-alkylbicyclo(2.2.2)octane-l- 
carboxylic acid was crystallized from methanol. 

The results were: methyl, m/e, 168,51%, mp 187-188" (lit 187-188");ethyl, 
m/e, 182, 75%, mp 170-171" (lit 170-171"); propyl, m/e, 196, 65%, mp 
213-214"; butyl, m/e, 210, 7096, mp 156-157'; pentyl, m/e, 224, 69%, mp 
159-161"; hexyl, m/e, 238, 71%, mp 157-158"; heptyl, m/e, 252, 68%, mp 
145-146'; octyl, m/e, 266, 73%, mp 126-127"; nonyl, m/e, 280, 76%, mp 
130-131". For analytical data see Table VI. 

4-n-Alkylphenyl and 4-n-alkoxyphenyl &n-alkylbicyclo(2.2.2)octane-I-car- 
boxylates (( V) and( VZ)). A solution of either the 4-n-alkylphenol or 4-n-alkoxy- 
phenol (0.0022 mol) in freshly-distilled, sieve-dried pyridine ( 5  cm3) was added 
to a boiling solution of 4-n-alkylbicyclo(2.2.2)octan-l-oyl chloride (0.0022 
mo1)-prepared from the acid and thionyl chloride-in sodium-dried toluene 
(20 cm3) under anhydrous conditions. The resultant solution was heated 
under reflux for 48 h, and then evaporated to dryness under vacuum. The re- 
sidual, crude ester was taken up in a minimum volume of solvent and eluted 
through a column of silica-gel using a 2: 1 (v/v) mixture of chloroform/light 
petroleum (bp 40-60"). Fractions giving a single-spot on tlc were combined 
and the products either crystallized (methanol or ethanol) or distilled (in a 
short-path distillation apparatus). The liquid crystal transition temperatures 
of the 4-n-alkylphenyl 4-n-alkylbicyclo(2.2.2)octane-l-carboxylates (V) and 
the 4-n-alkoxyphenyl 4-n-alkylbicyclo(2.2.2)octane- 1-carboxylates (VI) are 
recorded in Tables 111 and IV respectively. 
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