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Abstract—The mesomorphic properties as functions of the length of the
178-alkyl side chain were investigated on selected alkanoates of androst-5-en-
38-0l, pregn-5-en-38-ol, 20-methylpregn-5-en-38-0l, 24-norchol-5-en-3g-ol,
chol-5-en-38-0l, 25-methylchol-5-en-3B-o0l and 27-norcholest-5-en-38-0l. The
alkanoates studied were generally the acetates and the octadecanoates. We
found that only androst-5-en-38-0l derivatives are unable to form cholesteric
mesophases. Monotropic cholesteric mesophases were found in 3B-octa-
decanoyloxypregn-5-ene and the next three homologues; their corresponding
acetates were not mesomorphic. With increasing chain length, starting with
38-acetoxy-24-methylchol-5-ene, enantiotropic cholesteric mesophases were
obtained. Additional smectic mesophases could not be observed. Thus, we
could establish that the 178-alkyl chain of cholesterol can be shortened
considerably without impairing the mesomorphic behavior, since a 178-ethyl
group leads already to a cholesteric mesophase.

As intermediates we obtained the acetates of 24-norchol-5-en-38-01-22-one,
chol-5-en-38-01-22-one, 24-methylchol-5-en-38-0l-22-one and 27-norcholest-5-
en-38-0l-22-one. Monotropic cholesteric mesophases were observed in the last
three 22-ketones.

Introduction

Previous papers of this series were mainly concerned with the in-
fluence of both major and minor changes at the 178-side chain of
cholesterol on the mesomorphic behavior. We found that the meso-
morphic character is lost if the 178-side chain is sufficiently abbre-

t Presented at the Third International Liquid Crystal Conference in Berlin,
August 24-28, 1970.
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viated as in the case of 3B-octadecanoyloxyandrost-5-en-17-one (I)
or 3B-octadecanoyloxy-178-carbomethoxyandrost-5-ene (II). HKven
in the case of 3B8-octadecanoyloxypregn-5-en-20-one (ILI) no meso-
phases were observed. However, when the asymmetric center at
C-20 was retained, as exemplified by 3B-octadecanoyloxy-208-
carbomethoxypregn-5-ene (IV), a monotropic cholesteric mesophase

was obtained.®
o (OOCH
e M “Hy
nof { |
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CH,(CH,) u—lclf—o/[ijg
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We also reported that replacing the 27-methyl group of cholesterol
by an oxo group, a methylene group or by hydrogen only alters the
stability of the cholesteric mesophase, while the same modifications
at C-20 give rise to either additional mesophases or a complete loss
of the mesomorphic properties.®)

However, it should be pointed out that these investigations had
the inherent disadvantage that factors such as dipole moments and
polarizability were introduced by the oxo, the carbalkoxy group, and
by double bonds. Since very little is known about the interplay of
sterane nucleus, 3B-substituent, and 178-side chain, which is
necessary to obtain mesophases, it is difficult to judge which of
these parameters contributes the most. The influence of a
specific structural feature can only be studied if all other para-
meters are kept unchanged and if misleading impurity effects are
excluded.®)

For comparative studies of mesomorphic properties of 38-sterol
derivatives, the investigation of homologous series is still the best
approach. The internal consistency of the data obtained by this
systematic approach guards against experimental errors and false
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conclusions. However, scarcity and high cost of individual
3B-sterols limit the feasibility of this procedure in many cases. The
advantages of using the octadecanoates as representatives, whenever
the acetates do not exhibit mesophases, has previously been pointed
out. @

In this paper we report the results of our investigation in which we
systematically built up the 178-side chain, leading step by step
toward the structure of cholesterol, as illustrated by the formulas

V-XI1.
O/(J HO/‘\/ HO/\/
N
10| Haa/\ HBI/\/
HC wo Y ol
| |
H HO % HO- M

X
H0/|\/\/J HO )\/I /

XI XI1

Only a few data on the influence of a keto group in the cholesterol
side chain have been reported. 24-Ketocholesteryl acetate® was
reported to display ‘‘ unusually vivid colors ”.®®> A monotropic
cholesteric mesophase was observed with a 25-keto group.®) How-
ever, if the keto function is in the 20-position, the mesomorphic
character is lost.®) Since the syntheses of compounds IX-XII
afforded the intermediate 22-ketones XIV-XVII, we had an oppor-
tunity to investigate the influence of a 22-keto group in conjunction
with an increasing chain length on the mesomorphic behavior.
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Preparation

Syntheses have been reported for androst-5-en-38-ol) (V),
17B-methylandrost-5-en-38-01® (VI), pregn-5-en-38-01® (VII),
20-methylpregn-5-en-38-0119 (VIII), 24-methylchol-5-en-35-0l11)
(XI), and 27-norcholest-5-en-38-0l11) (XII). The acetates of the next
two higher homologues of XII have been reported to possess both
melting and clearing points. 12)

Starting materials V through VIII were prepared according to
literature and compounds IX through XII were synthesized in the
following way:

0 0
g |
~ R
HC a HC
H,C H,C [SH
SH
+CdR, . — -—-»B >
Ae0 = AcO ¥,
XIIL XIV-XVII y
§ 8
HCc| B
HC Ni
B
AcQ
XVIII-XXI IX-XIL

The 22-ketones XIV-XVII, obtained from 3B-acetoxypregn-5-en-
208-carbonyl chloride (XTIT)®» and the corresponding dialkyl-
cadmium compounds, were reacted with an excess of 1, 2-ethane-
dithiol in the presence of boron trifluoride etherate.@?) The formed
ethylenethioketals X VITI-XXI were then desulfurized with Raney
nickel *V to yield compounds IX-XTII. Experimental details will be
published elsewhere.
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Discussion

Transition temperatures were determined and mesophases were
identified under the microscope with a temperature programmed
Mettler FP-II hot stage.@%) The temperature values are corrected.

Table 1 summarizes the mesomorphic properties as a function of
the length of the 178-alkyl side chain.

TaABLE 1
Nr 178-substituent 3p-derivative mp S-Ch Ch-1
Vv H acetate 98.8 —_ —
octadecanoate 71.0 — —
VI CH, —_ — —_ —
AN acetate — — —
ViI | octadecanoate 81.3 — 51.7
acetate 125.6 — —
Y nonanoate 71.2 28.5 43.7
VIII octadecanoate 88.1 —_ —_
IX O\ acetate 138.3 — 72.9
|
X AVANVY acetate 130.5 — 115.7
[
XI \(\/\ acetate 115.3 — 126.8
XII \/\/\/ acetate 112.7 — 118.8
— AVAYS acetate 114.2 — 95.4
|

8-Ch: smectic-cholesteric transition, °C; Ch-I: cholesteric-isotropic
transition, °C.

Monotropic cholesteric mesophases were observed in 38-acetoxy-
24-norchol-5-ene (IX) and 3B-acetoxychol-5-ene (X). Chain elonga-
tion to 3B-acetoxy-24-methylchol-5-ene (XI) and 3B-acetoxy-27-
norcholest-5-ene (XII) gave rise to enantiotropic cholesteric meso-
phases. Smectic mesophases could not be observed in either one of
these compounds.

Since the acetates of compounds V-VIII did not exhibit meso-
phases, we prepared the corresponding octadecanoates. Even that
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modification did not lead to a mesophase in 38-octadecanoyloxy-
androst-5-ene (V). The mesomorphic properties of 178-methyl-
androst-5-en-3p-ol derivatives (VI) could not be included in this
table because we were unable to prepare pure starting material.
However, a monotropic cholesteric mesophase was observed in the
next homologue, 38-octadecanoyloxypregn-5-ene (VII). But we
were unable to detect a mesophase in 3B-octadecanoyloxy-20-
methylpregn-5-ene (VIII). It melted at 88.1° and the isotropic
melt crystallized at 59°. This might explain why a mesophase could
not be observed, because the isotropic melt could only be under-
cooled by about 30°. Nevertheless, in the capillary a bluish tint was
observed just before the isotropic melt crystallized. But, because
of the unstable state it was not possible to determine whether this
optical effect was the result of light scattering by little crystallites
or the result of a mesomorphic texture close to the clearing point.
Since we know that the temperatures of both the smectic-cholesteric
and cholesteric-isotropic transitions of homologous series generally
have a maximum in the vicinity of the tenth homologue,® we
prepared the nonanoate. And indeed, 38-nonanoyloxy-20-methyl-
pregn-5-ene (VIII) not only exhibited a monotropic cholesteric, but
also a monotropic smectic mesophase.

The intermediate ketones XIV-XVII were investigated under
the microscope for the occurrence of mesophases with the following
results (Table 2):

TABLE 2
Nr 178-side chain 3B-derivative mp Ch-I
(0]
XIV Y”\ acetate 169.3 —
0
XV \J /”\/ acetate 172.1 99.0
[0)
XVI N (”\/\ acetate 174.2 128.7
(0]
XVII I acetate 167.8 123.8
Y\/\/ ' :

Ch-I: cholesteric-isotropic transition, °C.
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No mesophase was observed in 3B-acetoxy-24-norchol-5-en-22-
one®® (XIV). The following three ketones, 3B-acetoxychol-5-en-
22-one®® (XV), 3p-acetoxy-24-methylchol-5-en-22-onet® (XVI)
and 3B-acetoxy-27-norcholest-5-en-22-one™? (XVII) were mono-
tropic cholesteric. Cholesteric colors or smectic mesophases could
not be observed. Since the monotropic cholesteric mesophase of XV
occurs just above the freezing point, a mesophase in XIV might not
be observable due to the high freezing point of 117°.

Conclusion

The results of this investigation establish the contribution of the
178-side chain to the formation of mesophases. We can conclude
that the 178-linked 2-(6-methylheptyl) group of cholesterol can be
shortened considerably without impairing the occurrence of choles-
teric mesophases. An ethyl substituent in the 178-position already
enables the molecules to arrange themselves in an order necessary
for the cholesteric mesophase. The fact that 3B-octadecanoyloxy-
pregn-5-en-20-one® and 3B-acetoxy-21-norcholest-5-en-20-one® did
not exhibit a cholesteric mesophase may be ascribed to the 20-keto
group and to the loss of the asymmetric center at C-20. But
apparently the loss of the asymmetric carbon atom C-20 can still lead
to the appearance of a cholesteric mesophase if there are no polar
substituents at the C-20 position of the 178-side chain. While we do
not know yet whether a 178-methyl group has the same effect, we are
certain that the omission of an alkyl substituent at the 178-position
prevents the occurrence of mesophases in pure compounds.®?
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