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CARBOHYDRATE LIQUID-CRYSTALS*
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ABSTRACT

Certain alkyl glycosides and 1-thioglycosides are shown to have thermotropic,
liquid-crystal phases between room temperature and their melting points. In the
alkyl I-thio-f-pD-xylopyranoside series, liquid-crystal phases occur with heptyl and
octyl chains, but not with hexyl, or lower, members of the series. Heptyl 1-thio-a-D-
mannopyranoside forms liquid crystals, but the substitution of terminal OH, CI,
and C=N groups on the alkyl chains inhibits liquid-crystal formation. Octyl, nonyl,
and decyl «- and f-p-glucopyranosides form liquid crystals. This property is associated
with crystal structures in which the carbohydrate moieties are hydrogen-bonded and
the alkyl chains intercalated.

INTRODUCTION

In Part I of this series!, the crystal structure of heptyl 1-thio-a-p-mannopyra-
noside was reported, and a transition to a liquid-crystal phase at 61° was noted.
Closer examination has since revealed that this compound also has a solid-to-solid
phase-transition at 39°. These phase transitions and the molecular packing in the
crystal structure are analogous to those observed in the smectogenic p-(n-alkyl)benzoic
acids®. Decyl a-D-glucopyranoside has an analogous crystal structure?, with a liquid-
crystal phase between 76° and a melting point of 138°, The crystal structures of
octyl a- and f-p-glucopyranoside have been studied by electron diffraction, and have
been shown? to have liquid-crystal phases with major, endothermic transitions at
71.8 and 68.2°; this suggests that mesogenic properties may be common among the
general class of alkyl glycosides, and we have explored this hypothesis further by
examining a variety of these compounds for their liquid-crystal properties.

EXPERIMENTAL

The compounds examined were as follows: a series of alkyl 1-thio-f-p-xylo-
pyranosides (from methyl to octyl®), provided by Dr. M. Claeyssens, Rijks Uni-
versiteit, Ghent, Belgium; heptyl 1-thio-x-D-mannopyranoside and derivatives there-

*Part II. For Part I, see ref. 1.
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Fig. 1. Differential-scanning-calorimeter thermograms of some alkyl glycosides and [-thioglycosides.
[Key: (a) heptyl 1-thio-a-n-mannopyranostde: (b) heptyl 1-thio-p-p-xy lopyranoside: (¢) octyl 1-thio-
f-p-xylopyranoside; (d) hepty! #-p-glucopyranoside: (e) octyl B-p-glucopyranoside: (fy nonyl f-1>-
glucopyranoside; and (g) decyl g-p-glucopyranoside ]
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Fig. 2. Crystal and hquid-crystal diffraction-patterns of some alkyl pyranosides. [(a) Crystalline
powder diffraction pattern of heptyl 1-thio-a-D-mannopyranoside at 25', (b) Liquid-crystal diffrac-
tion-pattern of heptyl 1-thio-a-p-mannopyranoside at 70°. {c) Crystallme powder diffraction-
pattern and liquid-crystal pattern of octyl A-p-glucopyranoside at room temperature. (d) Liquid-
crystal diffraction-pattern of octyl S-D-glucopyranoside at 70~.]

of® from Dr. P. Durette, Merck Sharp and Dohme, Rahway, New Jersey, USA;
and heptyl to decyl f-p-glucopyranoside from the Sigma Chemical Company.
Preliminary recognition of mesophase formation was made by observing the successive
appearance and disappearance of bifringence with temperature, using a polarizing
microscope with a heated stage. The more-precise measurecments of the transition
temperatures, reported in Table I, were made from the differential scanning thermo-
grams shown in Fig. 1, using a Perkin-Elmer differential scanning calorimeter,
Model DSC 1B. The X-ray diffraction patterns, examples of which are shown in
Fig. 2, were obtained with a flat-plate camera by using Ni-filtered CuKo radiation
with a 450-mm collimator having crossed slits. The powder specimens, contained in
thin-walled, glass capillaries, were heated in a furnace controlled to +1°, with in-
cident and diffracted X-ray beam apertures.
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TABLE I

TRANSITION LEMPERATURFES { ) AND d-SPACINGS (IN A) OF SOME ALKYEL GLYCOPYR ANOSIDES?

Cristalline . Inrermediare Vesapfase Liguird
P fdegioes ' phase redegirees ) degrees:
Heptyl 1-thio-7-p»-
mannopyranoside 1512 39 2287 il - {51
30.24] [18.84]
Hepty! 1-thio-g-D-
xylopyranoside 232 72 e 97 BRI 105
Octyl t-thio-3-n-
sylopyranostde 20,48 57 249 100 2512 114
f-D-Glucopyranosides
heptyl 279 S6 59 229 Oy
octvl 294 57 -- (R 261 110
{29.0} (55, 57) (68) {105
nonyl RIS S 33.02 an 276 R
[28.01]
decy] 340 68 34.00 72 DI 133
[20.28]

“Values without brackets are at d..«: with square brackets, at d;o0. Values in parentheses were tahen
from ref. 4.

RESULTS

The results are summarized in Table 1, which shows the transition temperatures
derived from the differential-scanning-calorimeter thermograms shown m Fig. |,
and d-spacings measured from the X-ray diffraction patterns For the envstalline
phases, the maximum d-spacing (d,,,.) observed is given. When single-crystal data
are available, the maximum d,,-spacing is also reported. For the intermediate phase.
the two largest d-spacings are listed. For the liquid-crystal phase. the d-spacing of
the single, mtense ring is reported.

For the alkyl 1-thio-fi-p-xylopyranosides, no evidence of hquid-crystal forma-
tton was obtained for the methyl, ethyl, propyl, butyl. pentyvl. and hexyl glycosides.
There 15 a corresponding discontinuity m the melting pomnts between the pentyl
(m.p. T14-115 ). the hexyl (m.p. 158-160"). and the heptyl glvcoside (m.p. 105" ).
We have not yet established whether there is a corresponding change mn the tvpe of
molecular packing in the crystals. but this scems hkely. As shown i Fig. 1b and c.
the thermograms for the heptyl and octyl [-thio-p-vylosides show a sharp peak at
the respective transition temperature. Those transitions from mtermediate phase to
hquid crystal are the most endothermic, and those from hquid crystal to hguid. the
lcast.

The phase behavior of heptyl 1-thio-y-pD-mannopyranoside (Fig la) is sinalar,
except for the wider range of temperature over which the iquid-crvstal phase is stable.
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Derivatives of heptyl |-thio-z-D-mannopyranoside in which the terminal
methyl group of the alkyl chain was replaced by a hydroxyl, chloro, or cyano group
did not have mesogenic properties, Neither did a fully acetylated derivative, octyl
tetra-O-acetyl-f-D-glucopyranoside, indicating the cssential role of the carbohydrate
hydrogen-bonding for liquid-crystal formation in these compounds. The alkyl S-p-
glucopyranosides gave differential-scanning-calorimeter thermograms (Fig. 1 d-g)
having peaks broader than those of the p-xylosides, and the temperatures of the
two phase-changes are closer together, being unresolved for the octyl glycoside. In
the thermogram of octyl f-D-glucopyranoside*, these peaks were resolved, and two
minor transitions were reported at 54.5 and 57.2°, with the main endotherm at 68.2°.
For the nonyl glycoside, there is also evidence of two intermediate phases, before the
main transition to the liquid crystal.

DISCUSSION

These results support the hypothesis that there is a large class of alkyl glycosides
that are thermotropic mesogens, and they indicate that the carbohydrate moiety
may be derived from any monosaccharide, or possibly, reducing disaccharide, and
that the alkyl chains can range from heptyl upwards. The octyl and decy! f-D-gluco-
pyranosides are well known detergents’, and are used as solubilizing agents for
bacterial membranes® ®, This suggests that the longer-chain alkyl glycosides will
have both thermotropic and lyotropic properties'®.

The appearance of a single, well-defined, diffraction ring on the flat-plate X-ray
photographs, and the evidence of intercalated hydrocarbon layers in those crystal
structures that have been determined, suggest that the liquid-crystal phases so far
examined are smectic. However, the outer ring at higher diffraction angles, charac-
teristic of unoriented smectic phases, has not hitherto been observed. Presumably,
essential clues to the structure of the mesophase will come from knowing that of the
intermediate phase, and from the change in structure that takes place in the first
transition into that phase.

A compilation of thermotropic mesogens made in 1973 listed over 5,000 com-
pounds!!, none of which were carbohydrates. Because of their technological import-
ance, there are now probably more than 10,000 of these compounds known; however,
this interesting class of carbohydrate liquid-crystals does not seem to have received
the attention it deserves, considering the fact that their transition temperatures are
close to those of life processes.
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