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S UMMARY

Synthetic glycolipids have been prepared by coupling of

(a) aliphatic amines with lactone derivatives, or (b) fatty
acids with amino derivatives of mono- and disaccharides via
amide linkage. The aliphatic chain was varied with respect to
the chain length and to its chemical composition (fluorination,
functional end group). The influence of the glycolipid struc-
ture on the monolayer properties was investigated. Stable films
are obtained with most of the products mainly due to strong
interactions by hydrogen bonds in the subphase. Polymeric films
may be produced by polycondensation in the subphase using par-
ticular crosslinking agents for the carbohydrate head group.

I NTRODUCTTION

In previous papers we have reported the grafting of aldonic

acid derivatives of mono- and oligosaccharides onto di- or
multifunctional carriers with aliphatic amino groups (EMMERLING
and PFANNEMULLER 1978, 1981). Following the same procedure,
glucose and maltose can be linked to monofunctional alkylamines
with long aliphatic chains, thus leading to surfactants suitable
as model substances for glycolipids. In this paper we will
describe different ways for the synthesis of some representative
products and their behaviour in monolayer formation.

RESULTS AND DI SCUDSSTION

The coupling of the carbohydrate component with the aliphatic

chain is performed by an amide linkage (Scheme, a).
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By varying the residue R a series of glycolipids has been ob-
tained which differ in their chemical composition and in the
length of the hydrophobic part (Table 1, 1-6). As hydrophilic
head group mono- and disaccharide (3) residues were introduced.

Analogeous substances (7 and 8) have been obtained by linking
fatty acids, activated as p-nitrophenyl ester, to amino group
containing sugars (glucosamine, (2-aminoethyl)gluconamide),

see Scheme, b. This alternative route allows the direct binding
of a closed sugar ring without a preceding derivatization.

In order to study the influence of the carbohydrate residue on
the film forming behaviour all products were spread on the gas-
water interface of a Langmuir trough. The force-area isotherms
(F/A diagrams) of the dodecylamine and dodecylgluconamide are
depicted in Figure 1 (left side).
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Figure 1: F/A Diagrams of dodecylgluconamide (a) and dodecyl-
amine (b) (left side) and of octadecylgluconamide (a)
and octadecylamine (b) (right side)

While film forming properties are known to be absent with
dodecylamine (ADAMS 1930) the gluconamide derivative is able
to form a stable solid-analogeous phase despite of its con-
siderably larger hydrophilic head group. This sudden rise of
film stability indicates a strong interaction between the
glycolipids by hydrogen bonds as a result of a well ordered
orientation in the monolayer. The influence of the sugar resi-
due on the area required per molecule is clearly demonstrated
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in the curves measured for octadecylamine and the corresponding
sugar derivative (Figure 1, right side), which both form stable
monolayers.

The effect of stabilization by hydrogen bonds is confirmed by
the temperature dependence of the F/A diagrams. With both
dodecyl derivatives (1 and 4) monolayers are formed only at low
temperatures (10° and 1° C respectively); the area per molecule
is in the same range as that of the octadecylgluconamide. With
further rise in temperature the stability rapidly decreases
leading to an increasing reduction of the area. Monolayezs
obtained with octadecyl- and eicosyl derivatives (2 and 5) are
stable over the whole range of temperature studied—(1—306 Cc)
and give identical F/A diagrams. - An intermediate behaviour

is observed with the perfluorinated product (6): In spite of
the relatively short carbon chain, the F/A diagrams showed only
a small temperature dependence; this indicates that the fluor
atoms contribute to a remarkable increase in surfactivity. -
Octadecylmaltobionamide (1) has a rather large head group
(comprising 12 C atoms) as compared to the length of the tail
group (18 methylene groups); nevertheless monolayers with the
expected area per molecule are formed at 1° C. In this case

an additional liquid-analogue phase is observed.

For all monolayers long-time stability was determined at con-
stant pressure (20 nN/m) at 20° C. Film areas of the glycolipids
with longer aliphatic chains (2, 5, 7, 8) remained constant

over 24 hours. Even the fluorinated product (6) gave only a

10% loss of area within this period. The other substances

showed lower stability due to the shorter aliphatic chain.

The type of surfactants presented above allows a crosslinking
reaction in the subphase at the numerous hydroxyl groups of

the sugars with e.g. epichlorohydrin or divinylsulfone. This

is an additional way for the synthesis of polymeric films
which have been obtained so far only by polymerization in the
hydrophobic part (diacetylene derivatives) (TIEKE et al. 1976).

The procedures for the synthesis of the various glycolipids
and for the crosslinking of the monolayers by polycondensation
or polyaddition will be reported separately.
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