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An acyclic ethynylhelicene heptamer reversibly switches its
structure in solution between a helix dimer at low temperatures
and random coils at high temperatures. The structural change can
be repeated by alternating heating and cooling. The process
monitored by CD exhibited various patterns of�"/time profiles
depending on changes in temperature, concentration, and solvent
type. This single compound provides diverse outputs upon
thermal input.

The switching between two different states of a molecule is
of great interest because such reversible changes have various
potential applications.1 Much attention has been focused recent-
ly on the conformational changes of synthetic helical oligomers
and polymers,2–5 which undergo helix–helix or helix–random-
coil transformations as induced by temperature changes,2 photo-
irradiation,3 solvent addition,2a,4 or complexation with chiral
molecules.5 External stimuli (input) induce structural changes,
which can be detected by UV, NMR, fluorescence, optical rota-
tion, or CD as output. If the process is reversible and reproduci-
ble, it can be used as a molecular switch. Most conventional
studies have used single-stranded helical compounds, which
are formed by intramolecular interactions. Switching between
double helix and random coils could be attractive, because of
the following reasons: 1) a larger structural change can provide
a larger change in output particularly by CD provided that an
optically active compound is used; 2) helix formation is a bimo-
lecular reaction, which contains both intra- and intermolecular
interactions, and therefore should be sensitive to the environ-
ment; 3) DNA and analogs undergo double-helix–random-coil
transition, and such a structural change of synthetic molecules
with different structures would provide a clue for understanding
the functions of biological polymers.

The reversible transformation of artificial double helical
polymers or oligomers, however, is rare in spite of a number
of studies known to use natural DNA,6 peptide,7 or polysaccha-
ride,8 and their analogs.9,10 Lehn examined double-helix–single-
helix reversible structural changes using achiral oligopyridines
by NMR, which are induced by the addition of metal cation11

or temperature change.12 Recently, Yashima et al. reported
that oligoresorcinols fold into double helices in water, whereas
random coil in methanol.13 Luh et al. found that poly(bisnorbor-
nene) forms DNA-like double helix, supercoil, and ladder struc-
tures.14 Properties of the double-helix–random-coil switching of
artificial optically active molecule is not well understood yet.

We previously reported that an optically active ethynyl-
helicene heptamer 1 (Chart 1) formed a helix dimer, most prob-
ably a double helix, and its unfolding rate to form two random
coil monomers was highly dependent on an aromatic solvent

at 5mM.15 Folding, however, was not observed at this concentra-
tion, and the helix dimer was regenerated only when the solution
was concentrated to a small volume. It was considered that the
folding, a bimolecular reaction, could be accelerated at higher
concentrations without considerably affecting the unfolding
process, a monomolecular reaction. As expected, the thermal
switching of 1 between a helix dimer and two random coil mono-
mers proceeded at 1mM. The process being highly reproducible
exhibited an extremely large change in the intensity of the
Cotton effect, which is an advantage as a chiroptical switch.16

Moreover, various patterns of �"/time profiles were obtained
as output against thermal input using 1 depending on changes
in concentration, temperature, and solvent type.

The thermal switching of 1 was conducted in toluene at
1mM by repeating the cycles of heating at 55 �C and cooling
at 10 �C every 30min, which was monitored by CD, �" at
370 nm (Figure 1). An extremely large change in �", that is,
�200=þ1600 cycles, was obtained with the heating/cooling
cycle of 55/10 �C, and the �"/time profile was highly reprodu-
cible over six cycles. In our previous study,15 we assigned
�" = approximately +2000 to the helical dimer structure and
�" = approximately �200 to the random coil structure. The
folding process (blue line), being a bimolecular reaction, was
highly dependent on concentration between 0.25 and 1mM as
indicated by the shape, whereas the unfolding process was not
strongly affected by the concentration (red line). The �" values
obtained after cooling at 10 �C for 30min also considerably
differed by the change in concentration: +700 at 0.25mM,
+1250 at 0.5mM, and +1600 at 1mM.

The �"/time profile of 1 is also highly sensitive to temper-
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Figure 1. �"/time profiles of 1 in toluene at 1, 0.5, and
0.25mM for repeating cycles of heating at 55 �C and cooling
at 10 �C every 30min.
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ature (Figure 2). The heating/cooling cycles of 55/10, 55/20,
and 55/35 �C in toluene provided �" cycles of �200=þ1600,
�200=þ1200, and �200=þ670, respectively. The equilibrated
state shifted towards the random coil by raising the temperature.
The folding process as indicated by its shape was strongly
affected by temperature compared with the unfolding process
as observed in the concentration change (Figure 1). The heat-
ing/cooling cycles of 30/10 and 40/25 �C provided a similar
profile shape with different ranges of �" cycles, that is,
+1500/+900 and +900/+300, respectively.17 Note that a small
change in thermal input induces a large change in the shapes
of the output.

The switching of 1 in various aromatic solvents (1mM), was
dramatically affected by subtle changes of the substituent.17 It is
clearly shown, when the second switching cycles of �"/time
profiles were compared (Figure 3). Fluorinated solvents tri-
fluoromethylbenzene, m-difluorobenzene, and fluorobenzene
showed high helix preferences, and thioanisole, chlorobenzene,
bromobenzene, styrene, and iodobenzene showed very strong
tendencies not to fold. Toluene, pyridine, benzonitrile, and
anisole showed changes in similar ranges of �" but have differ-
ent shapes. Thus, 1 can sensitively recognize small changes in
the substituents, for example, –CH3, –H, –CF3, and –SCH3,
and/or in the nature of �-electrons of the aromatic system,
and provides a large change in the �"/time profiles. It was
confirmed that helical 1 exhibits identical CD spectra in several
aromatic solvents.17 It may therefore be concluded that thermo-
dynamic stability and transformation rate between the helix
dimer and the random coils of 1 are largely different depending
on its environment.

The compound 1 sensitively and reproducibly changes its
structure in solution with changes in temperature, concentration,
and solvent type. This is a novel switching molecule that can re-
spond to a subtle change in its environment. It is also interesting

that such an artificial oligomer exhibits a reversible thermal
transformation analogous to DNA. An interesting difference,
however, may be the insensitiveness of DNA to its environment,
which should be essential as a biological process.
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Figure 2. �"/time profiles of 1 in toluene (1mM) for heating/
cooling cycles 55/10, 55/20, and 55/35 �C.
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Figure 3. �"/time profiles of 1 for repeating cycles of 55/
10 �C in various aromatic solvents.
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