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Abstract—The synthesis of a lysine-like chromo-ionophore and its derivatives, useful in peptide chemistry, is described. The influ-
ence of the peptide framework on the anthraquinone properties is examined with spectroscopic and electrochemical methods.
� 2005 Published by Elsevier Ltd.
Since Pedersen�s discovery of the ability of crown ethers
to complex alkali metal ions, the development of ion-
selective electrodes and molecular devices has become
a major area of research in the field of molecular recog-
nition.1 Crown ethers, cyclams and cyclenes are used in
analytical chemistry and radiomedicine (as metal carri-
ers). Moreover, naturally occurring macrocycles such
as valinomycine play an important role in potassium
and sodium uptake in mitochondria. From the practical
perspective, insertion of crown ethers into biologically
active molecules could provide new tools for labelling
biomolecules and for probing their structure, function
and interactions with other relevant species present in
the cell.2,3

The insertion of strong coordination centres into amino
acids and peptides enables the construction of supramole-
cules, which may play a crucial role in molecular recog-
nition studies. The synthesis of peptide frameworks
suitable for the preparation of ion-selective molecular
receptors is of particular interest. This objective can be
reached by coupling the peptide with a crown ether, in
which the cavity diameter can be easily changed to fit
the metal ion, and a chromophore that can signal metal
ion–cavity interactions. Usually, additional functional
groups induce conformational changes within modified
amino acids and peptides, thereby influencing their bio-
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logical and chemical properties. Thus, the insertion of
new coordination centres into the molecule of choice,
which is necessary for constructing a new molecular
device possessing a particular function, poses a real
challenge from the preparative point of view.4

We decided to synthesise a macrocyclic system contain-
ing an ionophore able to form strong and selective ion
complexes. 1,10-Anthraquinone was used as the signal-
ling part of the supramolecule. In our previous paper
we showed that a molecule consisting of a crown ether
and anthraquinone is very sensitive towards alkali and
alkaline earth metal ions.5 Here the anthraquinone moi-
ety acts as both chromophore and redox active switcher.
We have now synthesised a new class of supramolecules
based on aza-crown ethers and amino acids which pos-
sesses both optical and electrochemical activity.

The synthesis of lysine-containing aza-crown ethers is
outlined in Scheme 1. Commercially available diaza-
crown ether-12 1 and 1-fluoroanthraquinone6 were
heated in toluene at 35 �C for 48 h with Cs2CO3 to yield
2 in 62% yield.7 When the temperature was maintained
at 35 �C (and no higher) for a 24 h, only one product
was obtained. At temperatures above 35 �C the yield
of mono-substituted diaza-crown ethers fell and that
of the disubstituted products increased. A change in sol-
vent polarity, as suggested by other studies,8 led to a
dramatic increase in the number of side products.

The aminoanthraquinone aza-crown ethers were reacted
with t-butyl chloroacetate to form compound 3 in high
yield.9 Compound 3 can be used without additional
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Scheme 1. Reagents: (a) 1-fluoroanthraquinone, Cs2CO3, toluene, 35 �C; (b) t-butyl chloroacetate, Na2CO3, acetonitrile, reflux; (c) trifluoroacetic
acid, rt; (d) Boc-Lys-OMe, HOBt, TEA, dichloromethane, rt.
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purification for the next step of the synthesis. The t-
butyl group was removed using CF3COOH to yield
4.10 The crude product was purified by ion-exchange
chromatography (Sepharose Q, OH-form) and then by
flash chromatography on silica gel. Compound 4 was
then reacted with Boc-Lys-OH forming 5 in 72% yield.11

The anthraquinone derivatives, synthesised according to
the procedures described above, exhibited the expected
spectroscopic characteristics.12 The UV–vis absorption
of 1-aminoanthraquinones derivatives is of a p–p* nat-
ure and is due to electron intramolecular transfer
(EIT) from the substituted amino group to the anthra-
quinone nucleus. The position, as well as the extinction
coefficients, of maxima in the long-wavelength region of
the UV–vis spectra of the anthraquinone derivatives 2–5
in acetonitrile, DMSO and MeOH:H2O (1:1) solutions
are shown in Table 1.

The introduction of lysine into the anthraquinone aza-
crown ether system does not change the position of
the absorption band, but does decrease its intensity from
e = 4570 for 2 to e = 3430 for 5 (in acetonitrile). For all
the compounds analysed, a change in solvent to the
more polar DMSO, caused a bathochromic shift of the
long-wavelength absorption band to 510–518 nm and
increased its intensity by 5–10%.

All electrochemical measurements were carried out in
acetonitrile solution on a glassy carbon electrode. The
Table 1. The absorption maxima k (nm) and their molar extinction coefficien
DMSO and H2O/MeOH (1:1) solution

CH3CN

Compound k (nm) e (dm3/molcm) k (nm)

2 502 4570 512

3 510 4620 518

4 502 3620 514

5 503 3430 512

a Very slightly soluble.
cyclic voltammograms (CV) of 2, 3, and 5 exhibited
two principal successive one-electron reduction steps.13

The reversibility of the first electron transfer in all the
compounds investigated is demonstrated in Figure 1.
The second reduction process is practically irreversible
and leads to the formation of dianions Q2�, which
appear to be unstable in solution:
ts e [M�1, cm�1] for the

DMSO

e (dm3/molcm)

4280

4920

3450

3650
Qþ e� ¡ Q��
Q�� þ e� ¡ Q2�
In the anodic part of the cyclic voltammograms, there
was one additional oxidation wave with respective max-
ima at �0.739 V, �0.755 V and �0.739 V for 2, 3 and 5
(Fig. 1). However, the mechanism of this oxidation pro-
cess is unclear.14

A quite different behaviour was found for species 4.
Only one reduction wave with a reduction peak at maxi-
mum (Epc) at �0.80 V was visible in the cyclic voltam-
mogram, whereas the anodic wave appeared at �0.25 V
(Epa = �0.25 V). The double height of the reduction
pick at �0.80 V in comparison with other compounds
suggests that the reduction is a two-electron process.
Qþ 2e ¡ Q2�
In the next step, the electrochemically generated dianion
Q2� reacts with a proton to form a carboxylic group,
which reoxidises at a more positive potential
anthraquinone derivatives 2–5 in acetonitrile,

H2O/MeOH

k (nm) e (dm3/molcm)

511 3570

518 sa

515 3370

513 3380
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Figure 1. Cyclic voltammetry of the compounds 2, 3, 4 and 5 on a

glassy carbon electrode in acetonitrile solution. 0.1 M TEAP, SCE,

scan rate 0/1 V/s.
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(�0.412 V). Moreover, the reduction pattern of com-
pound 4 is different from that observed for 2 in acidic
solution.

The spectroscopic data shows that the aminoanthraqui-
none derivative 2 is not protonated in acetonitrile solu-
tion in the presence of weak carboxylic acids. However,
for all the compounds investigated in acetonitrile, the
molar absorption coefficient at 510 nm decreases as a
result of the sub-molecular concentration of strong acids
like CF3COOH. In neutral solution, the absorption
coefficient of compound 4 exhibited a very small
decrease in the wavelength range, as compared to other
anthraquinone derivatives (see Table 1). These facts sug-
gest that the anthraquinone site is not protonated in 4 in
spite of the presence of the carboxylic group. Intramo-
lecular proton transfer probably takes place during the
reduction of 4, since a single-step, two-electron reduc-
tion is recorded rather than the two successive one-elec-
tron reduction steps observed with 2 and 3. The
electrochemical investigations support the hypothesis
that the reduction potential in acidic solution for all
the compounds investigated appears at much higher po-
sitive potentials than those observed for 3.15 Our studies
indicate that the peptide framework present in the lysine
derivatives containing an azamacrocycle and anthraqui-
none has a significant impact on the coordination
properties and reaction/oxidation potentials of the
macrocycles under investigation.
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