This article was downloaded by: [Tomsk State University of Control Systems and Radio]

On: 21 February 2013, At: 10:23

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

Phase Transition of Cholesteryl
Fluoroalkanoates

Shinlchi Yano # , Nobuyuki Matsumoto ? , Koichlro Aoki # & Naotake
Nakamura ?

& Department of Synthetic Chemistry, Gifu University, Yanagido, Gifu,
507-11, Japan
Version of record first published: 20 Apr 2011.

To cite this article: Shinlchi Yano , Nobuyuki Matsumoto , Koichlro Aoki & Naotake Nakamura (1984):
Phase Transition of Cholesteryl Fluoroalkanoates, Molecular Crystals and Liquid Crystals, 104:1-2, 153-159

To link to this article: http://dx.doi.org/10.1080/00268948408070406

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/10.1080/00268948408070406
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 10:23 21 February 2013

Mol. Cryst. Liq. Cryst., 1984, Vol. 104, pp. 153-159
0026-8941 /84 /1042-0153 /$18.50/0

© 1984 Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

Phase Transition of
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SHINICHI YANO, NOBUYUKI MATSUMOTO, KOICHIRO AOKI and
NAOTAKE NAKAMURA¢}

Department of Synthetic Chemistry, Gifu University, Yanagido, Gifu 501-11, Japan

( Received May 28, 1983; in final form July 25, 1983)

Phase transitions were studied by differential scanning calorimetry and polarized
microscopy for various cholesteryl fluoroalkanoates; cholesteryl w-monohydrofluoroal-
kanoates (CHFA) [C,,H ,sOCO(CF, ),CF,H, n = 1, 3, 5 and 7] and cholesteryl perfluo-
roalkanoates (CPFA) [C,,H ;s OCO(CF,),,CF;, m = 1 and 6). There were observed one
mesophase in n = 7 of CHFA and two mesophases in m = 6 of CPFA monotropically
on cooling, but no mesophase in the other samples. The crystal structures were also
determined for a homologous series of CHFA. The crystal form was monoclinic in all
samples except of CHFA of n = 3, but the lattice constant exhibited a complicated
change with increasing length of the ester, n.

INTRODUCTION

In the preceding paper' on mesomorphism of cholesteryl halopro-
pionates, we reported that the mesomorphism is governed with the
halogen atom substituted in the propionate groups, especially the
position of substituent; cholesteryl S-monohalopropionates showed a
liquid crystal phase, but the a-monohalopropionates do not. Further-
more, it is of interest that cholesteryl 2,2,3,3-tetrafluoropropionate
exhibited no mesophase, because Murza et al.? observed a monotropic
mesophase on cooling in the homologous series of cholesteryl perfluo-
roalkanoates (CPFA) [C,;H,;00C(CE,),CF,, m = 1-6], whereas
Barrall et al® found no mesophase in cholesteryl perfluorobutylate
(m=2).

tDepartment of Chemistry, Ritsumeikan University, Tojiin-Kitamachi, Kita-ku,
Kyoto 603, Japan.
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The purpose of this work is to prepare various cholesteryl fluoroal-
kanoates and to clarify their mesomorphisms. The cholesteryl deriva-
tives used here are cholesteryl w-monohydrofluoroaikanoate (CHFA)
[C,,H,4s00C(CE,),CE,H, n = 1-7] and CPFA (m = 1 and 6).

EXPERIMENTAL

CHFA of n=1 was prepared by a dehydration reaction from
cholesterol and 2,2,3,3-tetrafluoropropionic acid in benzene in the
same procedure described previously.! The other CHFA’s (n = 3,5,7)
and CPFA of m = 6 were synthesized by a dehydrogenchloride reac-
tion from cholesterol and the corresponding fluoroalkanoyl! chloride in
chloroform with N, N-dimethylaniline. The crude samples were puri-
fied by several recrystallizations from chloroform—-acetone (1 : 3) solu-
tion. CPFA of m = 1 was synthesized by a dehydration reaction from
cholesterol and perfluoropropionic acid in benzene. The crude sample
was purified by recrystallizing several times alternately from ligroin
and chioroform-acetone (1 : 3) solution.

All samples were identified to be the objectives from IR, NMR and
F-NMR for the perfluoroalkanoates, and elementary analysis, and
judged to be thoroughly pure by a thin layer chromatograph, DSC,
IR, NMR and the elementary analysis. The results of elementary
analyses in CHFA and CPFA are as follows: In CHFA, n=1;
9.28%H, 70.11%C (calc. 9.01%H, 70.01%C), n = 3; 7.83%H, 62.45%C
(calc. 7.54%H, 62.52%C), n = 5; 6.68%H, 56.96%C (calc. 6.49%H,
57.14%C), n = 7; 5.62%H, 52.79%C (calc. 5.69%H, 53.07%C), and in
CPFA, m = 1; 8.69%H, 67.63%C (calc. 8.52%H, 67.64%C), m = 6;
5.85%H, 53.54%C (calc. 5.79%H, 53.71%C). The single crystals for
X-ray studies were grown by a very slow evaporation method from
acetone solution.

Phase transitions were measured by a differential scanning calorim-
eter (Perkin Elmer, DSC IB) calibrated with gallium and indium, and
by a polarized light microscope with a hot stage. DSC measurements
were carried out at a heating/cooling rate of 10°C/min in a wide
temperature range from —70°C over the melting point, T,,, as fol-
lows; after the crystals was first cooled, the first heating process was
run up to the melting point and the other thermal processes were
successively done. The crystal structure was determined from X-ray
diffraction photographs taken by Weissenberg camera and precession
camera with Ni filtered CuK« radiation at 25°C.
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RESULTS AND DISCUSSION

Phase transition parameters obtained are listed in Table I, and DSC
charts of several samples are shown in Figure 1. In CHFA, no liquid
crystal state is observed for n =1, 3 and 5 on either heating and
cooling, and one liquid crystal state is seen only on cooling for n = 7.
In n = 3 and 7, an exothermic peak is observed just below T, on the
more than 2nd heating processes (see DSC curves and ¢2 in Figure 1).
These might be explained by a recrystallization phenomenon just
below T,,.** Since the exothermic peak was not observed on the first
heating process from the crystals, the crystals frozen from the melt
may be unstable and may produce some recrystallization near the
melting point. The n = 5 sample shows apparently one crystal transi-
tion appearing near —18°C on the first heating and ~52°C on the
first cooling. However, the crystal transition was not distinctly ob-
served on the more than 2nd heating processes in the present DSC
work. This means that the crystals frozen from the melt show no
distinct crystal transition on the DSC charts, perhaps because of the
unstable crystal state.

In phase transitions of CPFA, there are some discrepancies between
the present results and the other past reports. In m = 1 sample,
although Murza et al.? observed a mesophase between 76 and 79°C
on cooling monotropically, no liquid crystal phase is observed in this
work. In cholesteryl perfluorobutylate (m = 2), Barrall er al® ob-
served no liquid crystal state, but Murza er al.? found a liquid crystal
state at the temperature range of 63 and 66°C on cooling. These
discrepancies may be caused by the impurity of samples, since phase
transition is known generally to be very sensitive to the purity of
sample.®” Barrall et al. describes in their paper that the absence of
liquid crystal state in perfluorobutylate (m = 2) does not originate in
the impurity of their sample. Actually, the interpretation that some
impurity prefer to induce a mesophase on cooling seems to be rather
reasonable.” Cholesteryl perfluorooctanoate (m = 6) shows two liquid
crystal phases monotropically on cooling, whereas Murza er al. ob-
served one mesophase between 86 and 93°C on cooling. Previously we
indicated that the halogen atom substituted at a-position of cholesteryl
alkanoate losses the endowments forming liquid crystal state of
cholesteryl halopropionate, because of the increase of molecular
breadth by the a-halogen atom. The appearances of mesophase in
m = 6 of CPFA and n = 7 of CHFA mean that the contribution of
fluoroalkanoate group to the length of molecule prevails over the steric
effect of the a-halogen atom.
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FIGURE 1 DSC curves of several samples. a: the 2nd heating process for n = 3 of
CHFA, bl and b2: the 1st heating and the 1st cooling processes for n = 5 of CHFA,
respectively, c1 and c2: the 1st cooling and the 2nd heating processes for n = 7 of
CHFA, respectively, d1 and d2: the 1st cooling and the 2nd heating processes for m = 6
of CPFA, respectively.

Plots of the melting point, 7,,, and the entropy change, AS,,, versus
n in CHFA are shown in Figure 2. The value of T, descends with
increasing n, but elevates at n = 7. This may be connected with the
molecular packing in the crystals. Table II lists the crystal data of
CHFA crystals. The lattice dimensions show much difference between
samples. Crystal structures in a homologous series of cholesteryl
alkanoate are known to change by chain length of the alkanoate
group.>?® Particularly it is noted that the structure is a monolayer
arrangement in the shorter chains than the octanoate and a bilayer
arrangement in the longer chains. Furthermore, the appearance of
smectic phase in the higher chains than the octanoate has been
connected with the bilayer arrangement in the crystals. In the case of
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FIGURE 2 Plots of melting point, 7, and the entropy change, AS,,, versus » in
CHFA.

CHFA, the chain length of the ester appears to affect the crystal
structure complicatedly. The crystals of n =1 and 5 resemble each
other in the lattice constants and in the existence of crystal transition.
In n = 5, one crystal transition is observed as described already, and
in n =1, the existence of the two crystal transitions at —94 and
—130°C has been found from our X-ray and dielectric studies.>° On
the other hand, no crystal transition has been observed in n = 3 and 7.
The values of ¢ in the lattice constants of n = 3 and 7 are roughly four
times and twice of those of n = 1/5, respectively. While, the values of
a, band B in n = 3 and 7 resemble each other, although the crystal
system was attributed to be orthorhombic in » = 3 and monoclinic in
n = 7. The single crystal grown from acetone solution has a long and
slender shape like a sword in all samples, and the longest line of the

TABLE II
Crystal data (25°C) and melting point, T,,, of CHFA

Lattice constant

T, a b c B
°C A A A degree System Space group

X

150 125 933 133 1066 monoclinic P2orP2;/m
110 621 112 466 900 orthorhombic P2,2,2

101 126 939 150 913 monoclinic P2,0r P2;/m
118 637 111 277 910 monoclinic P20t P2y/m

~1 W L e
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edges corresponds with the b axis in » = 1 and 5, and with the g axis
in n =3 and 7, respectively. Thus, the crystal structure of CHFA
might be roughly classified by two groups,n = 1 and 5, and n = 3 and
7. Consequently, the relation between the crystal structure of CHFA
and the chain length of the ester can not be understood straightfor-
wardly as that in cholesteryl alkanoate. More detailed structural work
is in progress.
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