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Some New Mesogenic Esters 
Incorporating the 1,4-Disubstituted 
Bicyclo(2.2.2)octane Ring System 
N. CARR,t G. W. GRAY, and S. M. KELLY$ 
Department of Chemistry, The University, Hull, HU6 7RX, England 

(Received February 24, 1985) 

A variety of one-ring, two-ring, and three-ring esters incorporating one or two 1.4- 
disubstituted bicyclo(2.2.2)octane rings has been synthesised. In some cases the esters 
are fully alicyclic, e.g., terminally alkyl substituted alkyl bicyclo-octanoates. bicyclo- 
octyl bicyclo-octanoates and bicyclo-octyl cyclohexanoates. In others, the acidic moiety 
consists of one or two benzene rings or a benzene ring linked to a cyclohexane ring. 
The range of esters also includes some alkyl and bicyclo-octyl esters in which the acidic 
moiety contains a bicyclo-octane linked to a benzene ring system. The transition 
temperatures for the different types of ester are reported and compared with one 
another and with literature values for related esters. 

Results obtained from measurements of viscosity, birefringence, and electro-optical 
characteristics on some of the fully alicyclic esters are also reported. 

INTRODUCTION 

A large number of substituted phenyl esters of the alicyclic 4-n- 
alkylbicyclo(2.2.2)octane-1-carboxylic acids have been reported in 
the last few Combinations of the physical properties of 
several classes of these bicyclo-octane esterslP3 make them com- 
mercially interesting as components of nematic mixtures for certain 
electro-optic display  application^'-^ (especially the twisted nematic 
display with multiplexed addressing'). 

tPresent address: Allen Clark Research Centre, Plessey Research (Caswell) Limited. 

$Present address: Brown Boveri Research Centre, CH-5405, Baden-Daettwil, Switz- 
Caswell, Towcester, Northants, "12 8EQ 
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266 N .  CARR, G .  W. GRAY and S.  M. KELLY 

A wide variety of esters of the more common alicyclic ring system- 
trans-l,4-disubstituted cyclohexane-have also been synthe- 
sised.lO- l6 Many of these esters exhibit wide-range nematic phases,”- l3 

and are used as components in nematic mixtures for the twisted 
nematic display. 10~11~13 Completely alicyclic esters consisting of two 
trans-l,4-disubstituted cyclohexane rings13 are also of commercial in- 
terest for the “guest-host” device” and a special form of the twisted 
nematic display1* where low birefringence is required. 

Work was undertaken to extend our study of mesogens incorpo- 
rating the 1 ,Cdisubstituted bicyclo(2.2.2)octane ring system to in- 
clude a number of fully alicyclic esters analogous to those described 
above. The required l-alkyl-4-hydroxybicyclo(2.2.2)octanes were also 
interacted with a variety of other acids to yield a range of esters. The 
values obtained for the liquid crystal transition temperatures of these 
novel esters derived from a bicyclo-octanol extend the limited results 
reported in the literature” for such esters. 

RESULTS AND DISCUSSION 

The transition temperatures for six esters [(I) and (II)] derived from 
4-alkylbicyclo(2.2.2)octan-l-ols and 4-alkyl-/alkoxy-benzoic acids (m 
= 0) or 4’-alkylbiphenyl-4-carboxylic acids (m = 1) are listed in 
Table I. As usual, the alkoxy-substituted esters exhibit higher clearing 
points (TN-I) than the alkyl substituted esters [(I); m = 01. Whereas, 
the TN-I values of the esters (I) are only marginally lower (ca. - 1.5”C) 
than those of the corresponding esters with the ester group r e ~ e r s e d , ~  
the melting points are significantly higher (ca. +44.5”C, on average). 
Thus, the nematic ranges of the esters (I) are much shorter than those 
of their structural  isomer^.^ As is usually the case, the clearing points 
of the esters [(II); m = 11 containing an additional benzene ring are 
much higher (ca. + 125°C) than those of the esters (I); the melting 
points are higher by ca. + 50°C. A smectic A-nematic transition is 
exhibited at an elevated temperature by one of the esters (11). 

Esters of 6-pentyl-2-naphthoic acid and l-hydroxy-4-propyl-, and 
l-hydroxy-4-pentyl-bicyclo(2.2.2)octane have the following liquid crystal 
transitions (C-N, 98°C; N-I, 131°C; and C-N, 90.5”C; N-I, 128.5”C, 
respectively) intermediate in temperature between those of the cor- 
responding benzoates and biphenyl-4-carboxylates [(I) and (II)]. This 
is consistent with results obtained for related series of esters.2 

The liquid crystal transition temperatures for the fully alicyclic 
esters (111) derived from 4-alkylbicyclo(2.2.2)octan-l-ols and trans- 
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NEW ESTERS OF BICYCLO-OCTANE 267 

TABLE I 

Transition temperatures ("C) for compounds of structure 

n-R n-R2 m C - S A / N / I  

C 5 H l l  C S H 7  0 9 9 . 5  

C 5 H 1 1  C 5 H l l  0 68 

C4H9O C 3 H 7  0 87 

C4Hg0 C S H l l  0 83 

C S H 1  1 c 3H7 1 144 

C 5 H l l  C 5 H l l  1 128.5 

(I) and (11) 

SA-N N-I 

( ) denotes a monotropic transition 
[ ] denotes a virtual transition 

4-alkylcyclohexane-1-carboxylic acids are recorded in Table 11. The 
esters (111) exhibit unusually low melting points, at or below room 
temperature, and high TsB-I values. These are reminiscent of the high 
TsB-I values for the 1,2-(di-rruns-4-alkylcyclohexyl)ethanes, and in 
both cases, the stable SB phases presumably arise from purely Van 
der Waals interactions. Only one ester [(III), 5/31 exhibits an enan- 
tiotropic nematic phase, and virtual nematic-isotropic transition tem- 
peratures had to be determined for the other esters. These were 
obtained in the usual way2" and lie just below the TsB-I values. The 
same procedure was applied to the 5/3 ester, and the correspondence 
between the value obtained and the real TN-, value lends support to 
the procedure involved. Typical of the whole series, this ester exhibits 
smectic and nematic phases which persist until significantly higher 
temperatures (SB-I,  79°C and N-I, 92°C) than those of the corre- 
sponding esters with either a cyclohexane ring (S-N, 37°C and N-I, 
52"C)13 or a benzene ring (N-I, 43°C)'" in place of the bicyclo-octane 
ring. The transition temperatures are also higher than those of the 
corresponding esters (I) with a benzene ring in place of the cyclo- 
hexane ring (see Table I). 
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268 N. CARR, G .  W. GRAY and S. M. KELLY 

TABLE I1 

Transition temperatures (“C) for compounds of structure 

(111) m = 0 and R 1 m  .0-@R2 (IV) m = 1 

n-R2 

C 5 H l l  

C 5 H l l  

C S H l l  

C 5 H l l  

C 5 H 1  1 

C 5 H l  1 

C 5 H l l  

c 3H7 

c 3H7 

C 5 H l l  

m 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

C-SB /N 

22 

4 

1 

9 

-3 

19  

11 

18 

144  

114  

SB-N / I 

49 

73 

88 

104.5 

107 

115 

114 

79 
- 

131 

[ ] denotes a virtual transition 

The liquid crystal transition temperatures for the homologous series 
of 4-pentylbicyclo(2.2.2)octyl trans-4-alkylcyclohexane-1-carboxy- 
lates are plotted against the number of carbon atoms in the terminal 
alkyl chain in Figure 1. The virtual T N - I  values and the TsB-I values 
increase with increasing chain length. The normal pattern of alter- 
nation in the opposite sense is observed for the TsB-I and the T N - I  

values (see Figure l).*l The regular alternation and the smooth curves 
for the virtual TN-I values in Figure 1 lend further support to  the 
meaningfulness of these values. These virtual T N - I  values were de- 
termined by extrapolation of values obtained for mixtures of each 
individual ester (111) and the commercially available nematic mixture 
E7.*O The esters are very soluble in the mixture, and binary mixtures 
consisting of up to 90 wt % of the esters could be prepared and were 
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NEW ESTERS OF BICYCLO-OCTANE 

R' <) C 0.0 a C 5 HI 1 

120 r 

269 

110 

100 

90 

80 

70 

- 60 
0 

50 

LO 

30 

20 

10 

0 

t 

1 2 3 L 5 6 7 

Number of carbon atoms in the alkyl group R'  

FIGURE 1 Plot of transition temperature against the number of carbon atoms in 
the alkyl chain R of the esters formulated: 0, virtual nematic-isotropic liquid; A, 
smectic B-isotropic liquid; M, crystal-smectic B. 

still found to exhibit a nematic phase. Plots of the clearing points 
(T, - ,) for such mixtures against percentage composition are shown 
in Figure 2 for a homologous series of the esters (111). These plots 
are all similar in shape and are strongly non-linear. These plots are 
consistent with previous r e s ~ l t s ~ ~ . ~ ~  which have shown that not all of 
the physical properties (including the clearing point) for mixtures of 
liquid crystal materials obey the simple additivity rule and that sub- 
stantial deviations from ideal linear behaviour are to be observed. If 
the extrapolation procedure were applied to those portions of the 
curves in Figure 2 corresponding to a low percentage of E7 in the 
mixture, the extrapolated TNPI for E7 would be much below 60°C- 
around 20-35°C. In these dilute solutions of E7 in the ester, the 

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
 1

4:
29

 1
9 

Fe
br

ua
ry

 2
01

3 



270 N. CARR, G.  W.  GRAY and S. M. KELLY 

R ~ C O . O + % H l l  and E7 

1 I 

100 90 80 70 60 50 LO 30 20 10 0 

Percentoge ester Iwt%l 

FIGURE 2 Plot of T, ~, against composition (wt %) for mixtures of individual hom- 
ologues of the structure formulated with the nematic mixture E7. Extrapolation was 
minimised by including measurements on as concentrated solutions (frequently 90 wt 
5%) of ester in E7 as possible. 

cyano-substituted components of E7 are presumably largely not anti- 
parallel correlated, and the higher actual TN -, for E7 must reflect 
the effect of anti-parallel correlation in enhancing TN., in pure E7 
and in mixtures of E7 containing a low concentration of ester. 

The transition temperatures for two related benzoate esters (IV) 
containing an additional benzene ring are also shown in Table 11. 
They are very similar to those of the analogous esters (11)-Table 
I-with a benzene ring in place of the cyclohexane ring, and the 
same comments are valid. I t  is noted however that the smectic phase 
has changed from S, in series (11) to S, in series (IV). 

Comparing homologues with equal lengths of the terminal chains, 
the change from structure [(HI); m = 01 to [(IV); m = 11 has in- 
creased T N - I  much more (ca.  + 100°C) than TSe-N/I (ca.  +25"C), but 
the melting points have been increased by ca. + 120°C. 

The transition temperatures for a further range of esters incor- 
porating the 1,4-disubstituted bicyclo(2.2.2)octane ring are recorded 
in Table 111. Simple alkyl esters of 4-alkylbicyclo(2.2.2)octane-l-car- 
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NEW ESTERS OF BICYCLO-OCTANE 27 1 

boxylic acid [(V); m = p = 01 

Ri--Q--co. OR2 

[(V); m = p = o-see Table 1111 

exhibit very low virtual clearing points (ca. - 100°C). The presence 
of an additional 1,4-disubstituted benzene ring in the acid part of the 
esters [(VI); m = 1; p = 01 

R i w o . o R 2  \ /  

[(VI); m = 1; p = O-see Table 1111 

produces esters with very much higher clearing points (30" - 85°C). 
From the data for the few homologues prepared, it appears that the 
clearing point decreases as the length of the alkyl chain increases in 
a homologous series of the esters (VI). 

The fully alicyclic esters (VII) containing two bicyclo-octane rings 
(m = 0; p = 1) 

R~+.O-f+ 

[(VII); m = 0; p = l-see Table 1111 

possess very wide range smectic phases (SB); melting occurs at ,  or 
just above, room temperature, and the clearing points (SB-I, ca. 
185"- 195°C) are very high. Extrapolated TN-, values (virtual) for 
these compounds are the highest recorded for such simple esters (ca. 
120" - 130°C). The analogous compounds without an ester linkage24 
exhibit much lower melting points (e.g., 5/5;  C-S, 47°C) and some- 
what higher clearing points (e.g., 5/5; S-I, 247°C) as judged by the 
few homologues reported. 

The presence of an additional benzene ring in the acid part gives 
the esters [(VIII); m = p = 11 

R 1 - @ - @ 0 . 0 - @ R 2  \ /  
[(VIII); m = p = l-see Table 1111 

which have very high melting points (ca. 175"- 195°C) and clearing 
points (ca. 220" - 235"C), although no smectic phases were observed. 
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212 N .  CARR, G. W.  GRAY and S. M. KELLY 

The transition temperatures for a number of esters with identical 
alkyl chains (with one exception), which otherwise differ only in the 
presence of a 1,4-disubstituted benzene, trans-cyclohexane, and bi- 
cyclo(2.2.2)octane ring are collated in Table IV. The totally aromatic 
phenyl benzoate ester exhibits the lowest TN - I ,  whilst the totally 
alicyclic ester containing two bicyclo-octane rings exhibits the highest 
T N  - I (virtual). Esters containing aromatic and alicyclic rings possess 
intermediate T N  - I values, those containing a bicyclo-octane ring ex- 
hibiting higher clearing points than the corresponding cyclohexane 
esters. 

TABLE I11 

Transition temperatures ("C) for some compounds of structure 

m 

0 

0 

0 

1 

1 

1 
1 

0 

0 

0 

1 

1 

- 0 

0 

0 

0 110.5 

0 81.5 

0 87 

0 85 

1 38 

1 40 

1 20 

1 192 

1 176 

- 
- 

(v) - (VIII) 

[ 1 denotes a virtual transition 
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NEW ESTERS OF BICYCLO-OCTANE 273 

The values for TN-, listed in the Tables I-IV and those available 
from the literature for the corresponding esters containing benzene25 
or cyclohexane rings10J5 yield the usual order2 of decreasing clearing 
point: 

PHYSICAL PROPERTIES 

viscosity 

The viscosity of one homologue of structure [(V); m = p = 01-the 
propyl ester of 4-propylbicyclo(2.2.2)octane-l-carboxylic acid-was 

TABLE IV 

Comparative transition temperatures ("C) for some related esters 

Structure C - S B / N / I  SB-N N-I Ref. 

c s H l  l+20.0-Q-~s~l 3 6  - ( 2 6 )  2 5  

c S H l  l ~ ~ o . ~ - Q - ~ , ~ l l  3 7  - 48 1 5  

C s H i i ~ C O * O ~ C d - l 7  2 5  3 7  5 2  10 

CsH1 l ~ ~ O . O ~ ~ ~ H l  1 68 - ( 5 9 )  * 

C s H i  1 a C O . O e C g H 1 1  3 1  - 6 4 . 5  3 

C s H 1 1 - @ C O . O e C g H 1 1  1 7  96 [92] 2 6  

C S H 1 1 ~ C O * ~ C S H 1 1  - 3  1 0 7  [loo] * 

c ~ H ~ ~ - @ c o . o ~ c ~ H ~ ~  40 1 9 1 . 5  [130] * 
( 
[ 
*current work 

) denotes a monotropic transition 
] denotes a virtual transition 
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214 N. CARR. G .  W. GRAY and S. M. KELLY 

determined and found to be low (q200c, 9 cSt; qooc, 18 cSt; both values 
relate to the isotropic phase). The viscosity of one homologue (5/5) 
of the bicyclo-octyl benzoate esters [(I); m = 01 was found to be 
large (q200c, 100 cSt; extrapolated value for the nematic phase). This 
value is much higher than that (q200c, ca. 35 cSt extrapolated value 
for the nematic phase) for the corresponding ester with the ester 
linkage reversed. 

Birefringence 

The birefringence of one alicyclic member (5/3) of the bicyclo-octyl 
cyclohexanoates [(III); m = 01 was, as expected, very low (An, 0.036 
at 0.98 x TN-I for the nematic melt. 

Electra-optic properties 

The bicyclo-octyl cyclohexanoates have quite a high solubility in var- 
ious nematic hosts, and the electro-optic characteristics of one such 
solution have been assessed (see Table V). For comparison, in this 
Table and also in Table VI are quoted some related results for a 
cyclohexyl bicyclo-octanoate26 (IX) 

C5H1 o-(-)-C5Hl 1 (IX) 

and also for some esters that are used commercially as additives in 
mixtures for multiplexing. 

Compared with esters used commercially as additives, e.g., dialkyl 
or alkyl/alkoxy substituted phenyl cyclohexanoates, the purely ali- 
cyclic esters stand up fairly well. The effects on TN-1, viscosity, MZ0, 
Mio, and V,(45") are moderate, whilst birefringence values are low- 
ered considerably. For example, the birefringence of ZLI 1132 is 
reduced by 0.022 by the addition of 20 wt % of ester (IX). 

However, the most marked effect of these esters as additives is the 
lowering of the temperature dependence of the threshold voltage of 
the host. Relative to the phenyl cyclohexanoates, the purely alicyclic 
esters have a greater effect in reducing - l/V(dV/dT) for the hosts 
E7 and ZLI 1132; the effects are comparable for host ZLI 1289- 
see Tables V and VI. 

Reductions in - lN(dV/dT) values for nematic hosts are also known 
to occur when substituted phenyl bicyclo-octanoates and phenylbi- 
cyclo-octanes are used as low AE additives, and in view of the results 
for the purely alicyclic esters now being discussed, it is natural to 
relate the effects to the presence in the molecules of the additive of 
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216 N. CARR, G.  W. GRAY and S. M. KELLY 

TABLE VI 

Viscosities and temperature dependences of threshold voltage for some nematic 
mixtures 

Mixture 

57.3 0.75 37.8 t E7 

E7 + 20 wt Z of 1 

E7 + 20 wt % of 1 
0.72 33.2 1 58'6 

C 5H 1 1-@0 . O e O C H  3 

Z L I  1132* 71.5 0.55 28.1 

Z L I  1132 + 20 wt Z of 1 
70.2 0.44 28.2 

C 5 H l l ~ O * 0 - @ 5 H l l  J 
Z L I  1132 + 20 wt Z of 1 

0.52 24.2 
C 5H 1 l o c o .  0-CH 3 

t A commercial nematic mixture of B.D.H. Chemicals Ltd., Poole. U.K. 
* A commercial nematic mixture of E. Merck, Darmstadt, F.R.G 

the 1 ,bdisubstituted bicyclo(2.2.2)octane ring system. 
The dialkyl substituted bicyclo-octyl cyclohexanoates and cyclo- 

hexyl bicyclo-octanoates are therefore of interest for use in multi- 
plexible mixtures, particularly if low values of birefringence and tem- 
perature dependence of threshold voltage are important. Their main 
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disadvantage is their strong smectic characteristics; however, since 
the phases given by the pure esters are S,, this is not a problem in 
mixtures in hosts whose components are terminally cyano-substituted 
and tend to be S, in their tendencies. In the mixtures, the SB prop- 
erties are therefore strongly repressed, and the nematic properties 
are dominant. 

EXPERIMENTAL 

Structure and purity of materials 

Infra-red, 'H n.m.r., and mass spectra were obtained for the com- 
pounds prepared and were found, in each case, to be consistent with 
the required structure. The instruments employed were, respectively, 
a Jeol JNM-4H x 100 spectrometer, a Perkin Elmer 457 spectro- 
photometer, and an AEI MS 902 mass spectrometer. Each ester gave 
a single-spot on thin layer chromatography (t.1.c.). Analysis of the 
esters by gas-liquid chromatography (g.1.c.) indicated purities of at 
least 99.7% and values of 99.9% were usual. 

Preparation of materials 

The esters [(I)-(VIII)] were prepared by esterification of the acid 
chlorides of the appropriate acids (prepared according to literature 
 method^^.^.'^) with the required  alcohol^,^^^^^ according to literature 
r n e t h o d ~ . ~  The purification procedures have already been d e ~ c r i b e d . ~  

Transition temperatures 

The liquid crystal transition temperatures of the esters recorded in 
Tables I-IV were determined by optical microscopy using either a 
Vickers M72c polarising microscope or a Nikon L-Ke polarising mi- 
croscope in conjunction with a Mettler FP52 heating stage and an 
FP5 control unit. The Mettler stage could be cooled (to < -20°C) 
by allowing nitrogen gas, cooled by liquid nitrogen, to  pass through 
the stage. Several transition temperatures, particularly crystal to smectic 
B (C-S,) transition temperatures, were determined using a Perkin- 
Elmer DSC-2C differential scanning calorimeter. For those cases where 
it was not possible to observe a liquid crystal transition directly, virtual 
nematic-isotropic (N-I) transition temperatures were determined in 
the normal manner.2" 

Smectic A and B phases were characterised by their optical textures 
and normal miscibility methods. 
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CONCLUSION 

N. CARR, G. W. GRAY and S. M. KELLY 

Some thirty esters of various types incorporating the 1 ,Cdisubstituted 
bicyclo(2.2.2)octane ring system have been synthesised. Comparison 
of the transition temperatures for these esters and similar esters con- 
taining 1,4-disubstituted benzene and trans-cyclohexane rings show 
that (i) the T N - 1  values (in some cases virtual) are highest for fully 
alicyclic esters, (ii) esters containing bicyclo-octane rings instead of 
cyclohexane rings exhibit the higher clearing points (N-I), and (iii) 
the T,,-N values for esters containing two alicyclic rings are also very 
high, and in many cases nematic phases cannot be observed for such 
esters, i.e., the transitions are SB-I. 

The plots of T N - ,  for mixtures of several of these esters with E7 
are strongly non-linear. This emphasises the necessity of minimising 
the extent of extrapolation when determining virtual values for tran- 
sition temperatures. 
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