This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Cholesteric polymeric networks with steroids as chiral components
F. Brandenburger; B. Matthes; K. Seifert; P. Strohriegl

Online publication date: 06 August 2010

To cite this Article Brandenburger, F. , Matthes, B. , Seifert, K. and Strohriegl, P.(2001) 'Cholesteric polymeric networks
with steroids as chiral components', Liquid Crystals, 28: 7, 1035 — 1039

To link to this Article: DOI: 10.1080/02678290110039921
URL: http://dx.doi.org/10.1080/02678290110039921

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290110039921
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 03 25 January 2011

Downl oaded At:

Liqouib CrysTaLs, 2001, VoL. 28, No. 7, 1035-1039

SR

A
LEAYZ
SRt

P o
g

Cholesteric polymeric networks with steroids as chiral
components
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Induced cholesteric polymeric networks with steroids as chiral components were prepared
with the aim of finding steroid esters which show distinctly higher helical twisting power (HTP)
than cholesteryl 3,4-di-(2-acryloyloxyethoxy)benzoate. Isothermal photopolymerization led to
crosslinked networks. The HTPs of the networks were determined by measuring the reflection
wavelengths and their dependence on the molar fraction of the chiral compound. The
relationship between the HTP of the cholesteric polymeric networks and the molecular
structure of the chiral steroid ester is discussed. A high HTP can be attributed to the definite
alignment imposed by the large substituents on the long axis of the steroid nucleus.

1. Introduction

More than 200 000 natural and synthetic steroids
are known. Physiologically important steroid hormones
such as androgens, estrogens, gestagens and cortico-
steroids belong to this class of substance. In 1888
Reinitzer found that cholesteryl benzoate had a ‘double
melting point” [1]. Closer investigation of the melting
behaviour of this compound led to the discovery of the
cholesteric mesophase and marked the inception of
liquid crystal science [2]. Since then, many steroidal
compounds have been shown to exhibit liquid crystal
behaviour. Their chirality and today’s easy accessibility
from plant sources make them very interesting candidates
for applications in modern technology. A recent appli-
cation of liquid crystalline steroids is in cholesteric
colour-flop pigments for the automobile industry [3].
For this purpose the cholesteric mesophase is fixed in a
polymer network by photopolymerization.

A cholesteric mesophase is usually induced from a
nematic phase by addition of a chiral dopant [4]. The
orientation of a cholesteric phase can be frozen in a
liquid crystalline network by photopolymerization [ 5-8].
In this process liquid crystalline monomers with two
polymerizable groups, e.g. acrylate groups, are poly-
merized in their oriented mesophase by UV irradiation in
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the presence of photoinitiators. The characteristic feature
of a cholesteric mesophase is the helical ordering of the
molecules, and due to its helical structure the cholesteric
phase shows a selective reflection of light.

This effect is fundamental for the unique optical
properties of cholesteric liquid crystals. By irradiation
of a cholesteric mesophase with white light, certain
wavelengths are reflected dependent on the the pitch p
of the helix and the viewing angle [9]. In induced
cholesteric phases the reflection wavelength can be easily
controlled by the amount of the chiral dopant. The more
chiral dopant the mixture contains, the shorter is the
reflection wavelength (blue shift). Liquid crystal pig-
ments are used in effect-lacquers [ 10]. They show bright
colours and an intensive colour-flop effect due to the
angular dependence of the reflection wavelength [11].
At increasing angles of observation, a blue shift of the
reflection wavelength is observed.

The advantage of the use of steroid esters for induced
cholesteric phases lies in their high tendency to form
cholesteric mesophases which possess a sufficiently high
helical twisting power (HTP) to cover the whole visible
reflection range. We were interested in the search for
steroid esters which show a distinctly higher HTP than
cholesteryl 3,4-di-(2-acryloyloxyethoxy )benzoate (15);
see the table. In this way it is possible to induce a
suitable cholesteric phase from a nematic phase with a
smaller amount of the chiral compound, and in this way,
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Table 1. Glass transition temperatures, melting points,
specific rotations and helical twisting powers of the chiral
compounds 1-15.

Compound  T,/°C* T./°C* [«]3?/°° HTP/um™'‘
1 16 + 30 - 6.6
2 15 + 71 -173
3 5 + 22 —-10.1
4 2 -1 —10.5
5 17 120¢ + 47 —11.0
6 - 16 + 16 —11.0
7 -5 55¢ + 28 - 122
8 10 f + 32 - 124
9 - 17 - 14 + 12.8

10 -1 - 12 —13.9
11 - 17 + 16 —14.5
12 2 + 134 —-19.9
13 55¢ + 18 —-24.4
14 -1 -34 —26.0
15 & -5 6.1

*T,: glass transition temperature, DSC measurement,
10 K min~ %

® T»: melting point, DSC measurement, 10 K min~".

¢ []3: specific rotation determined using a CHCl; solution
at 1.0 g/100 ml.

¢ HTP: helical twisting power determined by optical spectro-
scopy on cholesteric networks prepared from the chiral com-
pounds 1-15 and the nematic bisacrylate 16 (for explanations
see text).

¢ Recrystallization occurred in the next DSC run at 75°C
(5), 35°C (7) and 34°C (13).

"DSC run, first cooling 8, I 49°C Ch 43°C Cr.

£Cr 73°C Ch 99°C L.

problems of mixing a nematic liquid crystal and the
chiral dopant are reduced. The relationship between
the HTP of the cholesteric polymer networks and the
molecular structure of the steroid esters will be discussed.

2. Results and discussion

The chiral steroid esters 1-14 were synthesized for the
first time; see figure 1. The compounds 1-5, 7, 8 and 10
were obtained by esterification of the corresponding
steroid with 3,4-di-(2-acryloyloxyethoxy )benzoic acid in
the presence of N,N'-dicyclohexy Icarbodiimide (DCC). The
reaction of the steroids with 3,4-di-(2-acry loyloxyetho xy)-
phenylpropionyl chloride, 4-(6-acryloylo xyhexoxy )phenyl-
propionyl chloride, 3,4-di-(2-acryloyloxyethoxy )benzoyl
chloride and 4-(6-acryloyloxyhexoxy)benzoyl chloride
yielded 6 (R3), 9, 13 (R,) 12 (R;) and 11, 14 (R,). As can
be seen in the table, the compounds 1-12 and 14 possess
a glass transition (7) in the range —17°C to + 17°C.
The pregnenolone ester 8 in the first DSC cooling run
shows a cholesteric phase between 49°C and 43°C.

The chiral compounds 1-14 were added to give a
concentration of 2-55 mol % in the nematic monomer
16 (see figure 2) whose synthesis was described before

[5]. The mixture was applied together with 2 wt % of
2,2-dimethoxy-2-phenylacetophenon e as photoinitiator,
to a glass slide, heated to form the cholesteric mesophase
and oriented by shearing between two glass slides.
Photopolymerization was carried out for 4 min with UV
light at a reduced temperature T* = 0.95. The phase
transitions of the unpolymerized mixtures of 16 with the
chiral compounds 1-14 were obtained by polarizing
optical microscopy.

The optical properties of the photopolymerized
cholesteric networks were investigated. The reflection
wavelengths in the UV-Vis/NIR region were measured
as a function of the molar fraction of the chiral com-
pound and in this way the HTP of the cholesteric helix
could be obtained. The strength of the chiral induction
in an induced cholesteric polymer network is defined as
follows:

HTP = ii(d ;" /dx)pe

where 7= mean refractive index of the cholesteric
network, A, = maximum of the reflection wavelength,
x = molar fraction of the chiral compound and T* =
reduced temperature (T* = T/T., T = measured tem-
perature, T.= clearing temperature) [12]. The HTP
values for all the cholesteric networks are given in the
table. Figure 3 shows the maximum of the reflection
wavelength as a function of the molar fraction of the
(20R)-pregn-5-ene-3p,20-diol ester 14.

3-Hydroxyestra -1,3,5(10)-triene ester 7 showed a higher
HTP than the more polar estradiol ester 1 and estrone
ester 2. Therefore polar interactions between the chiral
dopants 1, 2, and 7 and the nematic compound 16 have
no influence on the HTP. This could be confirmed by
the androstenolone ester 3 and 3p -hydroxypregn-5-ene
ester 4. The more polar 17-keto function of 3 did not
result in a higher HTP in comparison with 4. The double
bond in position 5 of 3 has a small influence on the
HTP compared with 3p-hydroxyandrost-5a-an-17-one
ester 5. The aromaticity of the steroidal A ring of 2
results in a smaller HTP in comparison with 3. The
esterification of pregnenolone with 3,4-di-(acryloyloxy -
ethoxy)benzoic acid in 8 and 3,4-di-(acryloyloxyethoxy) -
phenylpropionic acid in 6 has only a small influence
on the HTP. The two additional carbon atoms of the
substituent R,, 4-(6-acryloylox yhexoxy)phenylpropion yl,
in the (20R)-pregn-5-ene-3p,20-diol ester 9 cause a
dramatic decrease of the HTP compared with the moiety
R,, 4-(6-acryloyloxyhexoxy )benzoyl, in 14 and a change
of the screw sense. The presence of the carbon atoms 20
and 21 in 14 leads almost to a doubling of the HTP in
comparison with the androst-5-ene- 33,178 -diol ester 11.
The steroid compounds esterified with 3,4-di-(acryloyl-
oxyethoxy)benzoic acid 1-5, 7, 8 and 10 show a higher
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Figure 1. Chemical structures of /r&o

the new chiral steroid esters
1-14 and 15.

HTP in the induced cholesteric polymer networks
with the nematic monomer 16 than cholesteryl 3,4-di-
(2-acryloyloxyethoxy )benzoate (15) (HTP=6.1pum™")
[13]. The six additional carbon atoms 22-27 of the
cholesterol side chain of 15 cause a decrease of the HTP
compared with 4. The diester 14 possesses a 4.3 times
higher HTP than cholesteryl 3,4-di-(2-acryloyloxye thoxy)-

Figure 2. The nematic bisacrylate
monomer 16.

[=]

i
R1J\o 2

(CHy—

benzoate (15). Therefore we have been able to synthesize
steroid esters with a distinctly higher HTP in comparison
with the cholesteryl ester 15.

It is known that the guest in a nematic solvent prefers
an orientation with its long axis parallel to the nematic
director [14]. Substituents increasing the molecular
dimensions of the steroid nucleus in the direction of the
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Cr 78°C N 118°C 1



18: 03 25 January 2011

Downl oaded At:

1038 F. Brandenburger et al.

- 1400

~ 1200

— 1000

Jom

- 800 <

-1 400

05 T T T T T T T
0,04 0,06 0,08 0,10 0,12 0,14 0,16 0,18

Mol fraction of 14

Figure 3. Reflection wavelength A, and inverse reflection
wavelength /' as a function of the molar fraction of
dopant 14 in a polymeric network consisting of the
nematic diacrylate 16 and 14.

long axis (C-3 —» C-16) should favour orientations of the
steroidal dopant along the nematic director. Therefore
the intermolecular chirality transfer [15] should be
more effective with dopants which possess large sub-
stituents in the direction of long axis of the steroid
molecule. The high HTP values of 13 and 14 can be
attributed to the definite alignment imposed by the large
substituents in the 3- and 21-positions of the steroid
nucleus. The higher flexibility of the side chains of 9 due
to the two additional carbon atoms of the substituent
R, compared with 14 results in a decrease of the HTP.
An optimal intermolecular chirality transfer from 9 to the
nematic molecule 16 is prevented due to the formation
of conformers of 9 in which the side chains are not
situated in the direction of the long axis of the steroid.

3. Experimental

Estradiol, estrone, androstenolone and pregnenolone
were purchased from Fluka Chemie AG (Buchs,
Switzerland), 11-desoxycorticosteron e and pregnenolon-
21-yl acetate from Sigma Chemie GmbH (Taufkirchen,
Germany) and 3p-hydroxyandrost-5ac.-an-17-one from
Aldrich Chemie GmbH (Taufkirchen, Germany).

The compounds 1-5, 7, 8 and 10 were synthesized
by esterification of the steroid alcohols with 3,4-di-
(2-acryloyloxyethoxy)benzoic acid in the presence of
DCC. The steroid alcohol (0.15 mol), the acid (0.15 mol),
a catalytic amount of 4-N,N-dimethylaminopyridine
(DMAP) and 2,6-di-(tert-butyl )-p-cresol as polymerization
inhibitor were dissolved under an argon atmosphere in
dry methylene chloride. The mixture was cooled to 0°C
and dry DCC (0.15 mol) was added. The reaction was
followed by thin layer chromatography on silica gel
sheets 60 F,s4 (Merck). When the reaction was finished,
the mixture was filtered and the filtrate washed several
times with aqueous KHCO; and aqueous NaCl, dried over

Na, SO, and concentrated to dryness to obtain the crude
product which was then purified by flash chromatograph y
on silica gel. The yields were 50-60%.

The reaction of the corresponding steroid alcohol
with 3,4-di-(2-acrylo yloxyethoxy ) phenylpropion yl chloride
(0.15mol), 4-(6-acryloyloxyhexoxy)phenylpropionyl
chloride (0.30 mol), 3,4-di-(2-acryloyloxyethoxy )benzoyl
chloride (0.15mol) and 4-(6-acryloyloxyhe xoxy)benzoyl
chloride (0.30 mol) gave 6 (R;), 9, 13 (R,) 12 (R;)
and 11, 14 (R,). The acid chloride (0.15 or 0.30 mol)
was slowly added at room temperature to a solution of
steroid alcohol (0.1 mol), pyridine (1 mol), a catalytic
amount of DMAP and 2,6-di-(tert-butyl)-p-cresol as
polymerization inhibitor in dry methylene chloride. The
mixture was heated under reflux for 5 h. The work-up
was the same as that described above and the yields were
50-60%. The products were characterized by one- and
two-dimensional NMR experiments.

Pregnenolone and estrone reacted with tosylhydrazon e
to give the hydrazones which were then reduced with
catecholborane to 3 -hydroxypregn -5-ene and 3-hydroxy -
estra-1,3,5(10)-triene [ 16—18]. The two steroids were used
for the synthesis of 3p-hydroxypregn-5-ene ester 4 and
3-hydroxyestra -1,3,5(10)-triene ester 7. Pregnenolon-21-y1
acetate was hydrolyzed to 21-hydroxypre gnenolone which
was transformed into 13. The reduction of pregnenolone
with NaBH, [19] yielded (20R)-pregn-5-ene-3p,20-diol
which was esterified to give 9, 10 and 14.

The transition temperatures were determined on a
Nikon Diaphot 300 polarizing microscope equipped
with a Mettler FP 80 hot stage. The cholesteric phase
was identified by its characteristic texture. The DSC
curves were measured using a Perkin Elmer DSC 7. The
heating rate for all measurements was 10 K min~".

To obtain the HTP values, thin film polymer samples
were prepared from the nematic compound 16 and
different amounts of chiral dopant, giving a series of
mixtures with 5 and 10 mol % concentration steps,
except for the mixtures 13 and 14 where we used con-
centration steps of 2 mol %. The monomer mixtures and
2 wt % 2,2-dimethoxy-2-phenylacetophenon e as photo-
initiator were heated to the LC phase. After uniaxial
orientation between two glass slides, photopolymerizat ion
in the cholesteric phase was carried out at a reduced
temperature of T, = 0.95 by UV irradiation for 4 min
using a 150 W xenon high pressure lamp (Osram XBO
150 W/s 4) with an intensity of 8 mWcm™ 2. The HTP
was determined by UV-Vis/NIR reflection spectroscopy.
For the detection of the reflection wavelengths, a Hitachi
U-3000 spectrometer was used in the UV-Vis region.
A Perkin Elmer Lambda 19 UV-Vis/NIR spectrometer
was used in the NIR region. The angular reflection
measurements were made by an Instrument Systems
Optische Messtechnik Spectro UV-Vis spectrometer
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equipped with a goniometer. The screw sense of the
cholesteric helix was obtained by means of a right and
a left handed circular polarizer as shown in [20].

Support of this work in the frame of the Sonder-
forschungbereich 481 of the Deutsche Forschungs-
gemeinschaft is gratefully acknowledged.
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