
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 23 February 2013, At: 08:06
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

Mesomorphic Behaviour of Cholesteryl Esters: II:
Trans-p-n-Alkoxy Cinnamates of Cholesterol
J. S. Dave a & R. A. Vora a
a Chemistry Department, Faculty of Science M.S. University of Baroda, Baroda 2,
India
Version of record first published: 28 Mar 2007.

To cite this article: J. S. Dave & R. A. Vora (1971): Mesomorphic Behaviour of Cholesteryl Esters: II: Trans-p-n-Alkoxy
Cinnamates of Cholesterol, Molecular Crystals and Liquid Crystals, 14:3-4, 319-327

To link to this article:  http://dx.doi.org/10.1080/15421407108084646

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 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.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407108084646
http://www.tandfonline.com/page/terms-and-conditions


Molecular Crystals and Liquid Crystals. 1971. Vol. 14,  pp. 319-327 
Copyright @ 1971 Gordon and Breach Science Publishers 
Printed in Great Britain 

Mesomorphic Behaviour of Cholesteryl 
Esters 
II: Trans-p-n-Alkoxy Cinnamates 
of Cholesteroit 
J. S. DAVE and R. A. VORA 
Chemistry Department 
Faculty of Science 
M.S. University of Baroda 
Baroda 2, India 

Received October 15, 1970; in revised form January 7, 1971 

Abstract-A homologous series of cholesteryl (trans-p-n-alkoxy) cinnamates 
has been prepared by reacting trans-p-n-alkoxy cinnamoyl chlorides with 
cholesterol, and its mesomorphic behaviour studied. All the members of the 
series are enantiotropic mesomorphic. The lower members of the series ex- 
hibit cholesteric mesophases, whereas the higher members, starting with the 
decyloxy ester, are polymesomorphic, smectic and cholesteric. The smectic 
mesophase increases with an increase in the alkyl chain length a t  the cost of 
the cholesteric mesophase. The decyloxy and dodecyloxy esters also exhibit 
enantiotropic polymesomorphism of the smectic phase. The cholesteric meso- 
phase persists up to  the last member of the series. All the members of the 
series exhibit iridescent colours with a change in temperature ; even the last 
member of the series exhibits this phenomenon which is not the case in the 
corresponding n-alkanoates or the p-n-alkoxybenzoates of cholesterol. At the 
juncture of the smectic-cholesteric transition a colour spectrum is observed 
both while heating as well as cooling. The thermal stabilities of the meso- 
phases of the series are compared with those of the n-alkanoates and the 
p-n-alkoxybenzoates of cholesterol. 

Introduction 

The cholesteric mesophase exhibits some properties markedly 
different from smectic and nematic mesophases. Friedel(') is of the 
opinion that the cholesteric phase is nematic in type. He based his 
conclusions from his study of cholesteryl compounds and the mix- 
tures of cholesterol and nematogenic compounds. Gray@) observes 
that when an isotropic liquid is cooled, the cholesteric mesophase 

t Presented at the Third International Liquid Crystal Conference in Berlin, 
August 24-28, 1970. 
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320 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

separates as bgtonnets like a smectic phase and coalesces to form 
focal-conic groups arising from layer structures in the mesophase. 
He argues that no direct smectic-isotropic transition, i.e. exh-ibition 
of a pure smectic phase is observed in cholesteryl compounds. Some 
cholesteric compounds(3) are, however, reported to exhibit pure 
smectic mesophases. Cholesteric compounds have fluidity like a 
nematic mesophase. They can be oriented by magnetic and electric 
fields like nematic mesophases. These properties are indicative 
of the cholesteric mesophase to  be of the highly ordered nematic 
mesophase. When two cholesteryl compounds with opposite optical 
rotatory power are mixed in different proportions, a stage (comes 
when that mixture exhibits a nematic mesophase. ( 6 )  Recently i t  has 
been reported that racemic nematic compounds on double decom- 
position(ea) or by resolution exhibit a cholesteric mesophase.(eb-ec) 
As far as reported, all cholesteric compounds are optically active. 
It seems that, comparatively much less is known about the efiect of 
chemical constitution on the mesomorphic properties of cho1e:steryl 
compounds, which may help in arriving a t  the similarity of the 
cholesteric mesophase to nematic or smectic mesophase, whereas 
the effect of the structure on nematic and smectic mesophases has 
been studied in detail. The present series was synthesized with a 
view that i t  may throw some light on chemical constitution and 
cholesteric liquid crystalline properties. 

Results and Discussion 

Fourteen esters of cholesterol have been synthesized by reacting 
different trans-p-n-alkoxycinnamoyl chlorides with cholesterol. The 
melting points and transition temperatures are summarized in Table 
1. All the esters studied here exhibit enantiotropic mesophases. 
The transition temperature reported in the literature(') for cholesteryl 
cinnamate is 156" for the solid-cholesteric transition and 197" for 
the cholesteric-isotropic transition. I n  the present study the transi- 
tion temperatures obtained are, for solid-cholesteric transition 
160.5 "C and for cholesteric-isotropic transition 215 "C. This may be 
due t o  the purity of the sample and accuracy of the apparatus. 

The first nine members of the present series exhibit enantiotropic 
cholesteric mesophases. The higher members starting with choles- 
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C H O L E S T E R Y L  E S T E R S  I1 32 1 

TABLE 1 Cholesteryl trans-p-n-alkoxy cinnamates : 

I- pi? '-( 
RO 0 CH=CH-COO Ci2/' 

Transition Temperatures ("C) 
R SmecticII Smectiq Cholesteric Isotropic 

- - - 160.5 215.0 
- - 173.0 292.5 
- - 152.0 293.5 

C,H, - - 146.0 280.0 
- - 134.0 281.0 

C,H,l - - 128.0 268.0 
- - 128.5 262.5 
- 142.5 254.0 

C&I, - - 144.0 249.0 
COH,, - - 142.5 244.0 
C,OH,l 133.0 158.5 167.0 238.5 
ClZHZ, 133.0 178.0 181.5 226.5 

'laH,, - 108.0 167.0 186.0 

CH, 
CZH, 

C,H, 

COHl, 
- 

C10H33 - 107.0 181.5 200.0 

teryl-(trans-p-n-decyloxy) cinnamate exhibit polymesomorphism, 
i.e. smectic and cholesteric mesophases. It is interesting to note that 
cholesteryl-(trans-p-n-decyloxy) cinnamate and cholesteryl (trans- 
p-n-dodecyloxy) cinnamate exhibit an additional smectic mesophase. 
The cholesteric mesophase persists up to the last member of the 
series. When the transition temperatures are plotted against the 
number of carbon atoms in the alkyl chain, the transition points 
relating to the change cholesteric-isotropic fall on two falling curves, 
one representing the esters with an  odd number of carbon atoms in 
the alkyl chain and the other representing the esters with an  even 
number of carbon atoms in the alkyl chain. The latter curve lies 
above the former one. The smectic-cholesteric transition points lie 
on a smooth rising curve which rises to a maximum with the 
dodecyloxy ester a t  181.5 "C and then falls off through the hexa- 
decyloxy ester at 181.5 "C and the octadecyloxy ester a t  167.0 "C, 
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322 M O L E C U L A R  C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

the maximum may probably be at Cia; whereas in the cholesteryl-p- 
n-alkoxy benzoates(8) it rises to a maximum with the dodecyloxy 
ester and then falls off through the hexadecyloxy and octadecyloxy 
esters. The smectic-cholesteric transition temperature curve does 
not coincide with the falling cholesteric-isotropic transition tempera- 
ture curve. In all the acid ester series of cholesterol studied, the  
cholesteric mesophase persists up to the last member of the series, 
which is not the case with other homologous series exhibiting smectic 

FIGURE 1. 
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C H O L E S T E R Y L  E S T E R S  I1 323 

and nematic mesophases except some stray  case^.(^>^^) The series 
other than cholesteryl compounds studied so far, comprise of rod- 
like straight molecules. Very little is known about the effect G f  

broad and flat molecules on the smectic-nematic mesophase. It is 
possible that the cholesteryl compounds, due to its flatness and. size, 
may maintain its parallel orientation even up to the last member, 
so that, on heating, it does not pass directly to the isotropic melt but 
exhibits a cholesteric mesophase along with the smectic meso- 
phase.(ll"Jlh) When the compound is heated in the heating block 
and observed under the microscope, a focal-conic cholesteric phase 
is observed which even on slight disturbance changes to a plain 
cholesteric texture exhibiting vivid colours. All the compounds of 
the present series display different colours of the spectrum when 
observed through the microscope. I n  some compounds the colour is 
speci6c to  the temperature. At the juncture of the smectic-cholesteric 
transition temperature a colour spectrum is observed, both while 
heating and cooling. The last members of the series also exhibit 
colour behavior which is not the case with p-n-alkanoates and 
p-n-alkoxy benzoates of cholesterol. This may be due to  the 
presence of double bond in the cholest,eryl cinnamates. 

In  Table 2 are summarized the thermal stabilities of the present 
series ( A )  and these are compared with those of the p-n-alkanoates 
of cholesterol (B) ,  and p-n-alkoxy benzoates of cholesterol (C). It 
can be seen from Table 2 that the thermal stabilities of the meso- 
phases of the present series ( A )  are much higher than those of the 
p-n-alkanoates of cholesterol ( B ) .  This increase in the thermal 
stabilities of the present series is expected, as the present series 
contains a phenyl ring and -CH=CH-group, which contribute 
to  the increase in the polarisability and the length of the molecule. 

TABLE 2 

Average transition 

Cholesteric-Isotropic 
(cl-clo) 265.3 99.3 237.0 
Smectic-Cholesteric 
(clo,cl,,cl,~cl,) 174.2 79.5 172.1 

temperatures in "C. 'A' 'B' 'C' 

(Monotropic) 
~ ~ 1 , ~ ~ 1 3 ~ ~ 1 5 ~ ~ , , ~  
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324 MOLECULAR C R Y S T A L S  A N D  L I Q U I D  C R Y S T A L S  

In  the p-n-alkanoates series the smectic mesophase commences 
from the heptanoate as a monotropic phase, whereas in the present 
series it commences from the decyloxy ester as an enantiotropic 
smectic phase. This may be attributed to the polarisability of the 
phenyl ring and the presence of the -CH=CH-group which 
increases breadth of the molecule. It is difficult to postulate the 
commencement of the smectic phase in a homologous series. I t  
commences later in series ( A )  than series (B) ,  though thermally ( A )  
is more stable. The high polarisability of the molecule increaoes the 
thermal stability of the mesophase, whereas increase in the breadth 
will reduce intermolecular cohesive forces which may reduce the 
thermal stability of the smectic mesophase and may affect the 
commencement of the smectic mesophase in e potentially meso- 
morphic homologous series. In the p-n-alkoxy benzoic acid series(12) 
the smectic mesophase commences from the heptyloxy derivative, 
whereas in the trans-p-n-alkoxy cinnamic acid series(lS) the srnectic 
mesophase commences from the nonyloxy derivative, even though 
the overall thermal stability of trans-p-n-alkoxy cinnamic acid series 
is higher than that of the p-n-alkoxy benzoic acid series. The two 
series differ by a -CH=CH-group. The commencement of the 
smectic mesophase in the cholesteryl-p-n-alkoxy benzoate series is 
from the heptyloxy derivative, whereas in the cholesteryl (1' ,rans- 
p-n-alkoxy) cinnamate series the smectic mesophase commences 
from the decyloxy ester. Here also the difference in the two series 
is the -CH=CH-group which contributes towards the breadth 
and polarisability of the series ( A ) .  

G I - ~ ~ ( ~ J * )  in his study of different mesomorphic homologous series 
has concluded that increase in the breadth has more pronounced 
effect on the smectic mesophase than on the nematic mesophase. 
Opinions are divided ati~ to whether the cholesteric mesophase 
should be regarded as a modification of the smectic mesophase 
or of the nematic mesophase, or whether it is best to regard it as 
a third and separate type of rnesopha.~e.('~) If the cholesteric 
mesophase be considered as a modified smectic mesophase, then the 
breadth of the molecule should have almost the same effect on 
cholesteric and smectic mesophases. Recently the choleateric 
mesophase (633b86c) has been considered as a special type of the nematic 
mesophase. In that case the breadth of the molecule should have 
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C H O L E S T E R Y L  ESTERS I1 325 

less pronounced effect on cholesteric mesophase than the smectic 
mesophase. 

Table 2 shows that the cholesteric thermal stability of the present 
series ( A )  is greater than that of series (C), whereas the smectic 
thermal stability of the two series are very nearly the same. I n  the 
case of series ( A )  and ( B ) ,  the increase in cholesteric thermal stability 
of series ( A )  is 166 "C, whereas the increase in the smectic thermal 
stability is 94.7 "C, which is less than the former one. These results 
indicate that the breadth has less effect on the cholesteric mesophase, 
whereas it has a pronounced effect on the reduction in the thermal 
stability of the smectic mesophase. It can thus be seen from the 
above discussion that the effect of the constitution on the cholesteric 
mesophase is similar to that on a nematic mesophase and that the 
cholesteric mesophase may be considered a special type of the 
nematic mesophase rather than the smectic one. A detailed study 
of more such homologous series should throw more light on the 
subject and help in arriving a t  some definite conclusion about the 
effect of structure and chemical constitution on the cholesteric 
mesophase. 

Experimental 

DETERMINATION OF TRANSITION TEMPERATURES 

The melting points and transition temperatures of cholesteryl 
esters were determined with the help of a Leitz Ortholux Polarising 
Microscope equipped with a heating stage. The slides were prepared 
by heating the substance up to  its mesomorphic temperature and 
putting a cover-slip over it and cooling.@) The slides were then 
heated in the slot of the heating block of the microscope and the 
temperatures were noted. The temperature was raised gradually 
and within the critical region of the transition temperature to be 
noted, the heating was regulated to two degrees per minute. I n  this 
type of the slide, on heating, generally the focal conic cholesteric 
texture gives the plane cholesteric texture. The change from plane 
cholesteric texture to isotropic transition can be easily observed due 
to the high birefringence and colourful plane texture of the cholesteric 

phase. 
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PREPARATION OF COMPOUNDS 

( 1) p-n-Alkoxybenzaldehydes and trans-p-n-alkoxy cin iiamic 
acids were prepared by the method of Gray.(13) Boiling points and 
transition temperatures compare well with the literature. 

(2) Preparation of trans-p-n-alkoxy cinnamoyl chlorides : 
Trans-p-n-alkoxycinnamoyl chlorides were prepared by treating 

the corresponding trans-p-n-alkoxy cinnamic acid with thionyl 
chloride (25% excess) and heating on a water bath till evolution of 
hydrochloric acid gas ceases. Excess of thionyl chloride is diatilled 
Off .  

(3) Preparation of cholesteryl trans-p-n-alkoxy cinnamates : (2)  

Stoichiometric amounts (0.0 1 mole) of cholesterol and t8rans- 
p-n-alkoxy cinnamoyl chloride were t.aken in a round-bott'omed 
flask with N,N-dimethylaniline (20 ml) and heated a t  120°C in an  
oil bath for two hours. The mass was then added to ice cold ivater 
and the oily ester formed separates out ; i t  was filtered, washed with 
acetone, dried and recrystallised from chloroform-acetone ( I \  : 1) .  
The melting points and transition temperatures are given in Teble 1. 
The analytical data are recorded in Table 3. 

TABLE 3 Cholesteryl (trans-p-n-alkoxy) 
cinnarnates : 

Required yo Formula Found :& 
R =  C H C H 

83.75 10.08 
81.32 9.87 
81.43 10.00 
81.52 10.10 
81.62 10.21 
81.74 10.30 
81.81 10.39 
81.91 10.47 
81.98 10.55 
82.08 10.64 
82.13 10.71 
82.28 10.86 
82.54 11.11 
82.66 11.23 

83.60 9.92 
81.12 9.88 
81.64 9.99 
81.55 9.83 
81.83 10.18 
81.66 10.48 
81.85 9.92 
81.02 10.51 
82.10 10.65 
82.08 10.51 
81.78 10.35 
82.02 10.43 
82.31 11.18 
82.41 11.22 
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