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Abstract—A new L-lysine appended receptor based on diphenylglycoluril is described. This compound self-assembles to form
well-defined tubules in chloroform and vesicles in water. The host molecule strongly binds Magneson both in chloroform and in
water, and L-dopa in water mimicking an adrenergic receptor. © 2001 Elsevier Science Ltd. All rights reserved.

Cell-surface receptors embedded in biomembranes play
an important role in the recognition and signalling of
biologically relevant molecules, like hormones and neu-
rotransmitters amongst others. Artificial receptors are
capable of mimicking this function, which can lead to a
better understanding of the natural processes and addi-
tionally to the development of new artificial systems for
use in drug delivery, catalysis, etc.1 Diphenylglycoluril
derived receptors have been extensively studied in the
past decade. These clip-shaped molecules are efficient
receptors for phenolic guests (e.g. resorcinol), which are
bound via H-bonding, p–p interactions and by a cavity
effect. Crown-ether functionalized clip molecules are
also able to bind alkaline metal ions, as well as ammo-
nium salts,2 in addition to complexing neutral aromatic
guests.

Here, we describe the synthesis and the aggregation
behaviour of a diphenylglycoluril based receptor with
Na-Boc-L-lysine arms (2) and the recognition of Mag-
neson (3) and L-dopa (4) (Fig. 1) by this host. The
attachment of amino acid residues, capable of addi-
tional H-bonding and electrostatic interactions, intro-
duces an extra feature with potential improvement in
the binding of multifunctional guests.

Compound 2 was prepared in 62% yield from the
diphenylglycoluril tetrachloride derivative 1 and Na-
Boc-L-lysine using Finkelstein conditions, as shown in
Scheme 1.3 1H NMR studies on solutions of 2 in CDCl3
showed the presence of broad peaks, in contrast to the

sharp resonances observed for solutions of the previ-
ously reported N-functionalized hosts of this type.2

This broadening is a result of strong aggregation of the
molecules in this solvent.

This aggregation was further confirmed by transmission
electron microscopy. As can be seen in Fig. 2A inset,
compound 2 self-assembles to form well-defined thin
tube-like assemblies with diameters of ca. 50 A, . After a
few hours, these tubular structures further self-orga-
nized to give a flat array of aligned and superimposed
layers of tubes (see Fig. 2A).

In contrast to the previously reported receptors,2 com-
pound 2 contains amino acid arms which are potential
sites for additional interactions. This feature is thought
to be responsible for the observed aggregation
behaviour because intermolecular hydrogen bonds can
now be formed between the molecules of 2 leading to
well-defined structures. The amino acid arms also intro-
duce the possibility of recognizing multifunctional
guests, e.g. hydroxyaromatic amino acids and amino
alcohols. For example, L-dopa (4) is not soluble in
chloroform but in the presence of 1 equiv. of com-
pound 2 it is fully solubilized and can be observed by

Figure 1.
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Scheme 1. (i) Na-Boc-L-lysine (3 equiv.), Na2CO3, NaI, CH3CN, reflux, 5 days, 62%.

Figure 2. (A) Transmission electron micrographs of compound 2 in chloroform (Pt-shadowing, bars represent 100 nm). (B) idem,
after addition of L-dopa (4) (Pt-shadowing, bars represent 200 nm).

1H NMR. Transmission electron microscopy studies
were carried out on a mixture of host molecule 2 and
L-dopa (4). As can be seen in Fig. 2B inset, similar
tubes were formed as described above, the difference
being that the diameters of the aggregates had increased
from 50 A, to ca. 120 A, . This phenomenon can be
ascribed to the binding of L-dopa by the host
molecules. After several hours, the rigid tube-like archi-
tectures became more flexible and self-organized to give
lamellar structures (Fig. 2B).

The binding of Magneson (3) in host molecule 2 was
studied in CHCl3 by UV–vis titration and an associa-
tion constant of Kass=(2.2±0.6)×104 M−1 was measured.
This value is one order of magnitude higher than the
values reported before for the binding of Magneson
with other basket-shaped receptors.2b 1H NMR studies
on the host–guest complex in CDCl3 revealed a shift in
the resonances of the hydrogen atoms of Magneson and
also a splitting of some of the signals of this guest due
to slow exchange between bound and non-bound (H-
bonded) guest molecules. NOESY experiments revealed
NOE contacts between the guest H1 proton (see Fig. 1)

and the protons of the crown ether moieties and the
aromatic walls of receptor 2, confirming complexation
within the cavity of the latter molecule.

In a subsequent series of experiments, the binding and
aggregation behaviour of compound 2 in water was
studied. A small amount of 2 was dissolved in 50 mL of
MeOH and injected in water at 25°C to a final concen-
tration of 1 mg/mL. After sonicating for 30 min at
40°C and standing for several hours at room tempera-
ture, transmission electron micrographs (not shown)
were taken which showed the presence of vesicles with
diameters ranging between 50 and 150 nm. The vesicu-
lar structure was confirmed by cryo scanning electron
microscopy, as can be seen in Fig. 3.

Conductivity experiments were carried out in order to
determine the critical aggregation concentration (CAC)
of 2 in water at 25°C. On diluting an aqueous solution
of this compound a change in the equivalent conduc-
tance was measured at ca. 10−6 M, indicating that at
this concentration a change in the aggregation state of
the molecules took place, i.e. from intermolecular H-
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Figure 3. Cryo scanning electron micrograph of a dispersion
of compound 2 in water (bar represents 1 mm).
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bonded aggregates to monomers or smaller oligomers.4

The binding of Magneson in host 2 was studied in
water above this CAC. The binding constant was esti-
mated by UV titration to be (4.4±1.2)×104 M−1. From
the plot of the absorbance change versus the host
concentration it was derived that the host–guest bind-
ing ratio was 1:0.5. This suggests that in the vesicles of
2 only half of the binding sites, viz. those at the outer
surface, are accessible for the guest molecules and
strongly supports the presence of well-defined vesicular
aggregates.2b

The binding of adrenaline and related compounds by
artificial receptors in water and in organic solvents has
been studied in the literature with varying results.5 We
investigated the binding of L-dopa (4) in receptor
molecule 2 in a buffered aqueous solution of pH 8
above the CAC by competition experiments using Mag-
neson as a UV probe.6 The binding constant was
estimated to be (4.3±1.5)×103 M−1, which is one of the
highest values reported for binding of this guest in
water. The high affinity for L-dopa is a result of a
combination of several molecular recognition interac-
tions between the cavity and the lysine-functionalized
tails with the substrate. This combination of multiple
interactions is similar to the binding of these kind of
substrates to the natural receptors.7

In conclusion, we have shown that molecular basket 2
displays a well-defined aggregation behaviour in water
and in organic solvents. Moreover, it is demonstrated
that this compound is a good receptor for a multifunc-
tional phenolic guest, such as Magneson, and the phar-
maceutically important guest L-dopa in water. These
studies are currently being extended to other guests in
water with the objective being to develop an adrenergic
receptor mimic.
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