PHOTOCONTROLLING THE HELIX-COIL TRANSITION:
AZOBENZENE-CONTAINING FOLDAMERS

reveal insight into the behavior of the azobenzene chromophore in the
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Figure 1. Photocontrol of the helix-coil transition in helical foldamers.
Results and Discussion
In polar solvents amphiphilic oligo(meta-phenyleneethynylene)s5 adopt
a stable helical conformation, in which most likely six repeat units constitute
one turn of the helix6 that is stabilized primarily by solvophobic forces as well
as π,π-stacking interactions between electron deficient aromatic repeat units.
Our working hypothesis was to replace a single internal diphenylacetylene
unit by differently substituted trans-azobenzene chromophores (Figure 2).7
Thereby, either (thermally) stable helices or coils should be accessible and
hence the helical conformation could be turned off or on using irradiation. The
length of the oligomeric sequences attached to the photochromic unit has to be
adjusted in such way that they cannot adopt a stable helical conformation by
themselves but isomerization either breakes or creates a kinked connection to
lead to helix denaturation or formation.
Several derivatives including model compounds have been synthesized
and their folding behavior has been investigated in the dark and
photostationary states. Important results are associated with the importance of
linkage geometry of the azobenzene unit as well as the effect of helical
structure on the rate of the cis-trans-isomerization. Detailed spectroscopic
studies involving UV/vis-absorption, fluorescence, and CD-spectroscopy
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Introduction
Recent years have witnessed enormous progress in the design of
artificial backbones capable to adopt well-defined secondary structures, in
particular of the helix type, in solution.1 The helical folding process is
governed by non-covalent interactions such as hydrogen bonding, metal
coordination, electrostatic and π,π-stacking interactions among others.
Therefore, the helix-coil transition is most frequently induced by increasing
the temperature, changing solvent composition or adding denaturants. Such
denaturation experiments provide insight into the stability of the helical
conformation and the cooperativity involved in the folding process. However,
methods to control this important conformational transition using light as
perhaps the most convenient external stimulus have been limited.
Photochromic molecules,2 displaying two independently addressable
switching states, have been used to affect structure and function at the
molecular level.3 The considerable structural reorganization accompanying the
classical trans-cis-photoisomerization of azobenzene derivatives has for
instance been explored to control the conformation in various peptides.4
Here, we report on our attempts to incorporate azobenzene moieties into
amphiphilic phenylene ethynylene foldamers.5 Several designs have been
followed in order to obtain helices that can be turned on and off, respectively.
These results represent the first example of photocontrolling the helix-coil
transition in artificial, helically folding backbones (Figure 1).
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presence of the phenylene ethynylene backbone.
Figure 2. Studied azobenzene-containing phenylene ethynylene foldamers.
Conclusions
Introduction of photochromic azobenzene units into helically folding,
amphiphilic oligo(meta-phenyleneethynylene)s leads to photocontrol over the
helix-coil transition in this important class of foldamers. The spontaneous
denaturation or generation of a helical secondary structure upon irradiation
offers insight into the dynamics of folding related processes and a variety of
potential applications for instance in the creation of photoresponsive smart
materials.
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