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The Mesomorphic Behavior of
Cholesteryl n-Alkyl Carbonates

WOLFGANG ELSER

U.S. Army Electronics Command, Night Vision Laboratory,
Fort Belvoir, Virginia

Recetved Decemnber 9, 1965

Abstract—A homologous series of cholesteryl n-alkyl carbonates has been
prepared and their mesophases investigated. Different groups can be
distinguished depending on the length of the alkyl chain. The first two
members exhibit a monotropic high-temperature color band, the next two
members an enantiotropic high-temperature color band, followed by a
monotropic low-temperature color band without an interruption in the color
sequence; the following five members an enantiotropic high-temperature
and a clearly separated low-temperature color band, and the last four
members a monotropic high-temperature and a separated monotropic low-
temperature color band. The mechanical sensitive enantiotropic high-
temperature color band could only be observed in reflection under the
microscope. The monotropic low-temperature color band, which is essen-
tially induced by disturbance, was found in both reflection and transmission,
with the colors of the same intensity.

A program in this laboratory is concerned with the synthesis and
structural characterization of mesomorphic compounds of the
cholesteric type. The cholesteric mesophase! is mainly formed by
suitable derivatives of cholesterol, e.g., cholesteryl esters derived
from open-chain aliphatic acids,? and the mesophase derives its
name from this faet. The first four mesomorphic members of
cholesteryl alkyl carbonates were described by Diumer.® On
cooling of the isotropic liquid he observed a birefringent phase,
which, on slight pressure, oriented itself and showed a negative
optical sign. All four members, cholesteryl methyl through butyl
carbonate, were reported as enantiotropic, with the methyl carbon-
ate having a second solid state.?-*5 It was of interest to prepare

higher members of this series, to see if additional phases could be
1 1
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found with increasing chain length as in the case of cholesteryl
alkyl esters.?

I. Preparation

(a) Cholesteryl chloroformate® (I) and alkanols, in the pres-
ence of pyridine, form  the corresponding cholesteryl alkyl
carbonates (II), with minute amounts of cholesta-3,5-diene (ITI),

I
Cl—C—0 + ROH —>

()
0o i
1 + +
R—0—C—O
(II) (I
T
+ 0—C—0
c
) V)

38-chloro-cholest-5-ene (IV), and, in some cases, di-cholesteryl
carbonate (V), as judged by thin-layer chromatography. All these
side products are also obtained when an excess of pyridine reacts
with cholesteryl chloroformate in boiling benzene.
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(b) The reaction of cholesterol (VI) with the corresponding
alkyl chloroformate, under essentially the same conditions, leads to
a product containing only traces of di-cholesteryl carbonate (V)
together with some unreacted cholesterol.

I
HO + RO—C—Cl —

L)

R—0—C-0 +(V)
(1)
Figure 1 shows the thin-layer chromatographic separation of the

reaction products on Silica Gel H with cyclohexane as developing
solvent.

- -
- -
I cholesteryl ethyl carbonate
IT cholesta—-3,5-diene
III 3B-chloro~cholest—5—ene
IV di-cholesteryl carbonate
V mixture I-IV
-]
Lo ity v

Figure 1.



MOLECULAR CRYSTALS

93°31 gg 18 LT31 £5'18 g'egL EQ06 05D 18 9'gl 48000
60'31 L6°08 61°31 90°18 1L oLy ¢t Lide} 1L 6L [Asoory
8121 99°08 0131 L8'08 1°689 EO%BYD 18 6L 14o0pBI00
80°2T a%'08 0031 L9'08 1°¢99 GIoLL) < idde} gl 8L [Aoepaxel]
€8'11 03°08 06°11 g5'08 0°L39 EQVLHRY) <7 08 [Aoeperia],
POI1 16°6L 8LIT 13°08 0'669 SQUL ) 9L 9'8L £oapoQ
Qe 1T 61°'08 LTI L0°08 6'%89 £Q80g9eD 8L 9L oepun)
98'11 1108 g9°11 $6°6L 6'0L8 EOIEI8ED g'6L LL 1400
6L 11 19°6L 8911 6L6L 6'99¢ EOVILED 18 g'GL [AuoN
39°11 16'6L 1811 $9°6L 6°2%¢ EOBO9ED €8 gL 14900
1¥11 08'6L 11 6% 6L 8'859 8009 158D o] L'GL 1Aydeg
oT'11 9T'6L gg Il 38'6L 8FI1¢ SQ8TEIYED 801 L'6L [AxeH
171t 9%°6L L311T P1°6L 6°009 EO9SEIEED 301 gL Awry
H o) H o) 14 O B[OULIOH o) (%) (1491e)y
h ! * " ) PIOIA
punoy pejemore)

(%) mos—dﬂ reondreuy

sejeuoqIe)) [AY[V [Aleise[oy) [ IV,

€T0c Aeniged /T 550 e [o1pey pue sweisAS [04u0D Jo Aisleniun amels yswo 1 ] Aq pepeojumoq



Downloaded by [Tomsk State University of Control Systems and Radio] at 05:54 17 February 2013

CHOLESTERYL N-ALKYL CARBONATES 5

For purification the crude material was chromatographed on
Silica. Gel and eluted with a 30/70 mixture of benzene/ligroine,
where cholesta-3,5-diene and 38-chloro-cholest-5-ene are eluted
first, followed by di-cholesteryl carbonate and the corresponding
cholesteryl alkyl carbonate, while unreacted cholesterol is held
back on the column. The fractions were monitored by thin-layer
chromatography for the presence of impurities, and then the
material was recrystallized from acetone or butanone for the higher
members. The yield of chromatographically pure material was
above 709,. The melting (m.p.) and clearing (c.p.) points were
obtained in an open capillary and are not corrected. The melting
points are transitions from the solid to the mesophase. The
physical properties and yields, with supporting analytical data are
found in Table 1.

Silica Gel H Silica Gel H/259% AgNO,
benzene/ligroine (8/2) benzene/ligroine (1/1)
o o>
-
- - -
- o=
o~ @
= -
-
vy Iy
Figure 2.

I di-cholesteryl carbonate

IT cholesteryl octyl carbonate
IIT cholesteryl octyl carbonate, oxidized
IV cholesteryl erueyl carbonate

V cholesteryl erucyl carbonate, oxidized
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II. Stability

Compared with cholesteryl esters, the cholesteryl alkyl car-
bonates are less stable. At higher temperatures they undergo
Tschugaev rearrangement to cholesta-3,5-diene, carbon dioxide and
the corresponding alkanol,”-® similar to the thermal decomposition
of the even less stable cholesteryl alkyl xanthates.? 10-11.7.8  Ag
room temperature, over a period of several months, various pro-
ducts are formed, two of which could beidentified as cholesterol and
di-cholesteryl carbonate. Using silver nitrate-impregnated Silica
Gel, 1% 1% 3 much better separation of the oxidation and rearrange-
ment products is achieved, as shown in the case of cholesteryl octyl
and cholesteryl erucyl carbonate (Fig. 2).

II1. Infrared Spectra

The reported ester carbonyl vibration of carbonates!# 1%:16 af
1740-1750 cm™! is found in the cholesteryl alkyl carbonates at

9 7L ‘ 184 B 9 10 ‘ ? . Z . 8 . ? 10
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Figure 3. Infrared spectra, between 1000 and 1700 em!, of cholesteryl
octadecanoate and cholesteryl octadecyl carbonate.



HEATING

CHOLESTERYL n-ALKYL

CARBONATES

|
20

|
15
Figure 1.

C(ALKYL CHAIN)

|
10

100

w o
¢

€702 Areniged /T #5:50 T [01pey pue sweisAS [041u0D Jo AisieAlun a1els Yswio 1 ] Aq papeojumod



COOLING

e g
n -1 &
. 5 R T —
5
pv4 - wn
L - —_—
< v zZ
e @ (P (1] — -
2 < I
£ 3 1 O
k= ©
o @ i — & =
o< B R
o v 0 ] < =
2 2 O
< m 4 2
| —
o ERERERRNaSel cca S =
L — -
£ MR -4 w»
| |
o (=]

€702 Areniged /T #5:50 T [01pey pue sweisAS [041u0D Jo AisieAlun a1els Yswio 1 ] Aq papeojumod



Downloaded by [Tomsk State University of Control Systems and Radio] at 05:54 17 February 2013

CHOLESTERYL N-ALXYL CARBONATES 7

1735-1741 c¢m™!, and the C—O vibration (1260-1280 cm™?) at
1265-1275 cm~1. Cholesteryl esters have the strongest carbonyl
band near 1170 em™—!. Due to this shift to shorter wavelengths, the
observed band progression in cholesteryl esters'”® cannot be
observed in the carbonates, as shown in ¥ig. 3.

IV. Properties

Cholesteryl amyl carbonate melts at 98° and clears at 102°. Cooling
gives a blue color at 91°, which changes to green-blue at 88° and
disappears at 82°. A light violet color starts at 80° and disappears
at 75°, the solidification point.

Cholesteryl hexyl carbonate melts at 106° and clears at 108°.
Cooling gives a blue color at 90°, which turns green at 87° and
disappears at the solidification point of 81°.

Cholesteryl heptyl carbonate gives a dark blue melt at 79°, turns at
84° to a very brilliant green-blue, which disappears at the clearing
point of 85°. On cooling, green-blue starts at 81° and changes to
dark blue at 75°. On further cooling, the color slowly turns to blue
violet until the melt solidifies at 33°.

Cholesteryl octyl carbonate gives a light blue melt at 53°, which-
darkens near 70°, changes to a brilliant green-blue at 79°, which
disappears near 80° and clears at 83°. Cooling gives a green-blue
color near 81°, becoming very intense at 80°, changes slowly to
blue (73°), which gets more intense near 60° and very intense near
50°, turning to a brilliant light blue at 41.5° to green-blue at 41°,
to green at 40°, to red at 39°, to a yellowish red at 38°, and finally
solidifies at 37°.

Cholesteryl nonyl carbonate melts at 78° and turns to a deep blue
at 79°, which disappears at 81°, the clearing point. On cooling, the
blue color starts at 81°, changes to light blue near 77°, and is
colorless at 69°. Further cooling gives violet at 50°, an intense
violet at 49°, light blue at 47.5°, green at 47°, a brilliant red at
46.5°, and solidification at 46°.

Cholesteryl decyl carbonate melts at 76°, turns blue at 78°, and
clears at 79.5°. On cooling, blue starts at 79° and disappears at 70°.
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Violet starts at 52.5°, turns to a brilliant light blue at 51.5°, to
green at 51°, to red at 50.5°, to yellow at 50°. The solidification
point is 49.5°.

Cholesteryl undecyl carbonate melts at 53°, turns blue at 75°, and
clears at 78°. Cooling gives a blue color at 76°, which disappears at
67°. Violet begins at 54°, changes to blue at 53.5° to green at 53.3°,
to red at 53°, to yellow at 52.5°. It solidifies at 52°.

OC 1\
— C.P.
-‘ \ HEATING NP
1001~
501
T T L S T T T —— >
5 10 I5 20 C-Atoms
(alkyl chain)
Fig 4

Cholesteryl dodecyl carbonate melts at 62.5°, turns blue at 73°, and
clears at 76°. A deep blue color begins at 76° when cooling and
disappears at 65°. Further cooling gives violet at 55.5°, blue at 55°,
green at 54.5° red at 54°, yellow-red at 53.5°, and solidification at
53°.

Cholesteryl tetradecyl carbonate melts at 70°, turns dark blue at
72°, and clears at 75°. On cooling, dark blue begins at 73°, changes
to light blue at 72.5°, which disappears at 64°. Violet starts at 56°,
turns blue at 55.5°, green at 55.3°, red at 55°, yellow at 54.5°, and
solidifies at 54°.

Cholesteryl hexadecyl carbonate melts at 69°, clears at 75°, and on
cooling turns light blue at 71.5°, which disappears at 62°. Violet
starts at 57°, changes to green at 56.5°, red and yellow near 55.5°,
and solidifies at 55°.



Downloaded by [Tomsk State University of Control Systems and Radio] at 05:54 17 February 2013

CHOLESTERYL N-ALKYL CARBONATES 9

Cholesteryl octadecyl carbonate which melts at 79.5° and clears at
81°, gives a blue color at 69° on cooling which disappears at 67°, the
solidification point.

Cholesteryl eicosyl carbonate melts at 69° and clears at 71°.
Cooling gives a blue violet color at 69°, which slowly fades and
disappears at 61°. At 57° violet starts, turning blue at 56.8°, green
at 56.5°, red at 56.3°, and colorless at 56°, the solidification point.

Cholesteryl docosyl carbonate melts at 70° and clears at 81° and on
cooling turns blue at 67° and colorless at the solidification point
(60°).

Figures 4 and 5 graphically illustrate the transition points of the
prepared cholesteryl alkyl carbonates with increasing chain length
and the color zones on heating (Fig. 4) and cooling (Fig. 5).

COOLING — C.P.

5 7 10 15 20 C-Acoms
(alky! chain)
Fig 5

V. Investigation in the Capillary

With the physical properties, obtained in a capillary, summarized
in Figs. 4 and 5, four different groups can be distinguished:

(1) Thefirst two members, cholesteryl amyl and hexyl carbonate,
show the high-temperature color band only on cooling.

(2) The next two members, cholesteryl heptyl and octyl car-
bonate, give the high-temperature color band both on heating and
cooling, followed by the low-temperature color band on further
cooling without an interruption of the color sequence.
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(3) The next five members, cholesteryl nonyl through tetradecyl
carbonate, give the high-temperature color band on heating and on
cooling, which disappears on further cooling and then is followed
by the low-temperature color band.

(4) The last four members, cholesteryl hexadecyl through
docosyl carbonate, give the high-temperature color band only on
cooling, followed by the low-temperature color band, with the
exception of the solidifying cholesteryl octadecyl and docosyl
carbonate.

These findings indicate that with an alkyl chain longer than six
C-atoms two cholesteric mesophases are present, because both
change colors with a change in temperature. The low-temperature
color band, consisting of the solar spectrum, is always monotropic.
The high-temperature color band exhibiting only parts of the solar
spectrum (mostly from blue to green) is enantiotropic with an alkyl
chain consisting of six to fourteen C-atoms, and monotropic for the
lower and higher members.

VI. Investigation with the Polarizing Microsecope

The observations, made with crossed polarizers and white light
in both transmission and reflection essentially supported the
observations made in the capillary. One representative of this
series, cholesteryl tetradecyl carbonate, was selected and the results
shall be explained in detail.

(a) Reflection

(1) Careful heating of the solid to the enantiotropic range of the
high-temperature color band produces a blotchy structure of blue
or green colors, depending on the temperature.

(2) On cooling the color disappears with a birefringent pattern
growing into the plane texture. It looks like a spherulite with a
Maltese cross, but consists of more or less radially aligned ellipses
and hyperbola. It can therefore be concluded that this is a parti-
cular arrangement of the focal-conic cholesteric texture, since it
can coexist with the plane texture.
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(3) A significant feature of this high-temperature color band is
its sensitivity to slight mechanical disturbance, because it dis-
appears immediately on touching the cover slide. Further cooling
and touching then again produces the low-temperature color band.

(b) Transmission

(1) On heating the solid above the melting point, a cholesteric
mesophase with a negative optical sign can be observed before the
transition to the isotropic liquid, but no colors are visible.

(2) On cooling of the isotropic liquid the high-temperature color
band cannot be observed. Below the melting point temperature a
cholesteric texture with crosses of optical negative sign appears. On
further cooling this changes to a smectic mesophase below the
temperature range in which the low-temperature color band can be
observed.

(3) If the foregoing cholesteric mesophase is mechanically
disturbed in the range of this color band, selectively reflected light
is exhibited, covering the range of the solar spectrum.

The enantiotropic high-temperature color band was discovered
in the capillary. Due to its sensitivity to mechanical disturbance, it
took quite some effort to realize these observations between cover
slides under the microscope. This is in contrast to the monotropic
low-temperature color band, which is easily produced by disturbing
the cholesteric mesophase in its temperature range.

VII. Summary

(1) Two different color bands were observed, which is very
unusual. Obviously they belong to the same cholesteric phase, as it
was determined by very sensitive calorimetric measurements.

(2) The enantiotropic high-temperature color band is actually
destroyed by the slightest mechanical disturbance. This is in
contrast to the ordinary experience, where the plane texture occurs
either spontaneously or by mechanical disturbance.

(3) The observed selectively scattered light of approximately the
same intensity in both transmission and reflection is also very
unusual for a cholesteric phase.
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An interpretation of these unusual observations is not possible
at present, since one even does not exactly understand the structure
or mechanism within the cholesteric mesophase.
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IX. Experimental Section

Thin-layer chromatography: Ascending thin-layer chromato-
graphy was performed on 0.25 mm layers of Silica Gel H. The
compounds were visualized by charring with sulfuric acid.

Column chromatography: Silica Gel for Chromatography, 80-200
mesh, was used without pretreatment. The columns were prepared
in benzene/ligroine (15/85) and the same solvent mixture used for
elution. The ligroine used had b.p. 65-75°. The fractions were
monitored for the presence of impurities by thin-layer chromato-
graphy.

Infrared spectra were recorded on a Perkin-Elmer Model 421
double-beam grating spectrometer. The compounds were examined
in potassium bromide discs.

Preparation of compounds: The general synthesis procedure is
exemplified by one experiment. The proportion of reactants and
solvents were the same in all procedures. The reactions were run in
an oxygen-free atmosphere of nitrogen.

Cholesteryl alkyl carbonates

(1) To a stirred solution of 0.01 mole of cholesteryl chlorofor-
matet® and 0.01 mole of n-alkanol in 50 ml of absolute benzene a
solution of 0.01 mole of pyridine in 10 ml. of absolute benzene is
added in the course of 40 min. Stirring is continued for 2 hr at

+ Commercially available from Aldrich Chemicals, Milwaukee, Wisc.
and Distillation Products, Rochester, New York.
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room temperature and another 2 hr under reflux. After removal of
the precipitated pyridine hydrochloride, the solution is taken to
dryness, and the residue chromatographed on a Silica Gel column.
The fractions containing the alkyl carbonate are combined, the
solvent is removed, and the residue recrystallized from acetone or
from butanone for the higher members. Preparative and analytical
data appear in Table 1.

(2) Under exactly the same conditions from 0.01 mole of purified -
cholesterol!® and 0.01 mole of the corresponding alkyl chloro-
formate in the presence of 0.01 mole of pyridine in essentially the
same yield after chromatographic purification.
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