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Introduction

The transfer of chiral information to achiral or dynamically
racemic supramolecules and macromolecular helical systems
from nonracemic guest molecules through noncovalent

bonding interactions has attracted great interest in recent
years.[1] This is because chirality-transfer phenomenon can
be used for sensing chirality for a wide range of chiral mole-
cules, as well as for developing novel chiroptical devices and
chiral materials as enantioselective adsorbents and cata-
lysts.[2] In particular, when a receptor molecule is achiral,
but chromophoric, the noncovalent bonding to a chiral, non-
racemic guest may provide a characteristic induced circular
dichroism (ICD) in the absorption region of the receptor;
the Cotton effect sign can be used to determine the absolute
configuration of the guest.[1] Alternative methods for sensing
chirality have also been developed by means of designer
chiral receptors with a rigid concave cavity and/or functional
groups capable of interacting with a target chiral guest
through inclusion complexation by hydrogen bonding and/or
p±p and electrostatic interactions. Optically active cyclic
compounds, such as modified cyclodextrins, cyclophanes, and
crown ethers, are among the most extensively studied host
molecules.[3] Due to their rigidity and distinct conformation-
al scaffold, these chiral receptors usually exhibit a high spe-
cificity and enantioselectivity for the target guests in chiral
recognition events like enzymes. However, sensing chirality
by using CD seems to be laborious because of their high
specificity and the chiral nature of the receptor themselves.
Recently, we found a similar, but conceptually different

phenomenon for the complexes of optically inactive, but dy-
namic helical chromophoric polymers with chiral guests;
stereoregular, optically inactive poly(phenylacetylene)s
bearing various functional groups can change their struc-
tures into the prevailing, dynamic one-handed helices upon
complexation with specific chiral guests.[4] The complexes
showed characteristic ICDs in the UV-visible region of the
polymer backbone. The Cotton effect signs corresponding to
the helical sense can be used as a novel probe for the chiral-
ity assignments of the guest molecules.[5] Helical polymers,
in sharp contrast to the above-mentioned small receptor
molecules, are very sensitive to a chiral environment and ex-
hibit optical activity due to a one-handed helical chirality of
the polymer main chain through a significant cooperative in-
teraction with a considerable amplification of chirality.[6]

The nonempirical exciton-coupled CD method developed
by Nakanishi, Harada, and Berova has proved to be practi-
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Abstract: A unique feature of synthetic helical polymers
for the detection and amplification of chirality is briefly
described in this article. In sharp contrast to host±guest
and supramolecular systems that use small synthetic re-
ceptor molecules, chirality can be significantly amplified
in a helical polymer, such as poly(phenylacetylene)s
with functional pendants, which enable the detection of
a tiny imbalance in biologically important chiral mole-
cules through a noncovalent bonding interaction with
high cooperativity. The rational design of polymeric re-
ceptors can be possible by using chromophoric helical
polymers combined with functional groups as the pend-
ants, which target particular chiral guest molecules for
developing a highly efficient chirality-sensing system.
The chirality sensing of other small molecular and
supramolecular systems is also briefly described for
comparison.
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dichroism ¥ helical structures ¥ host±guest systems

Chem. Eur. J. 2004, 10, 42 ± 51 DOI: 10.1002/chem.200305295 ¹ 2004 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim 43

CONCEPTS



cally useful for determining the absolute configuration of a
variety of chiral molecules,[7] but this method usually re-
quires the introduction of chromophores through covalent
bonding suitable for the exciton coupling at particular func-
tional groups and is beyond the subject of this Concept arti-
cle. Here, we emphasize the helical polymers induced by
noncovalent bonding interactions as a powerful chirality-
sensing probe. Other noncovalent chirality-sensing molecu-
lar and supramolecular systems are also briefly described.

Chirality Sensing by Supramolecular Systems

Recently developed, novel chirality-sensing small molecules
are shown in Figures 1 and 2. These receptors may be classi-
fied into two types with respect to the mechanism or origin
of the chirality induced in the receptors from the chiral
guests; one is induced-fit type receptors (1±4) and the other
is inherently chiral receptors (5±8). The resocinol cyclote-
tramer, (1),[8] calixarenes (2),[9] and bis(zincporphyrin)
dimers (porphyrin tweezers) (3[10] and 4[11]) belong to the
former type. These molecules are flexible and achiral, but
upon the binding of specific chiral guests, such as chiral gly-
cols, sugars, ammonium groups, amino acid esters, and dia-
mines, the chirality transforms to the receptors, resulting in
the induced-fit generation of an enantiomeric C2 twisted
conformation at the diphenylmethane units in 1 and 2 and
porphyrin helicity in 3 and 4 ; therefore, the complexes ex-
hibited exciton-coupled ICDs whose sign can be used to
detect the chirality of the guest molecules. Particularly, the
porphyrin tweezer 4 with a powerful porphyrin chromo-

phore is useful for the microgram-scale chirality discrimina-
tion of diamines, amino acids, and amino alcohols.[11]

On the other hand, the receptors 5±8[12±15] exist as an
equal mixture of enantiomeric twisted or helical conformers,
which are in rapid equilibrium as shown in Figure 2. In the
presence of chiral guests, however, the equilibrium shifts to
one of the enantiomeric conformers (so-called asymmetric
transformation or enantiomerization takes place[16]) as a
result of the diastereoselective complexation with chiral
guests, thus leading to ICDs in the receptors× chromophore
regions. Therefore, these receptors are regarded as inherent-
ly chiral molecules, but they cannot be resolved into the
enantiomers, at least not at room temperature.[17]

p-Conjugated achiral oligomers of m-phenylene ethyny-
lene (8) solvophobically fold into right- and left-handed hel-
ical conformations in polar solvents, such as acetonitrile,
and in aqueous solution, which creates a specific tubular
cavity for hydrophobic guests. Both helices are at equilibri-
um, but in the presence of chiral monoterpenes, such as a-
pinene, one of helices predominantly forms and the complex
exhibits a characteristic ICD.[15]

These approaches are very interesting and promising for
the detection or senseing of the chirality of target chiral
molecules. The key point is how to design and synthesize
chromophoric achiral or dynamically racemic receptors
whose conformations change to chiral or nonracemic ones
as a result of binding to nonracemic guests. However, due to
the stoichiometric complexation mode in their host-guest
binding systems (1±8), chiral information of a guest transfers
to a complexed receptor and, therefore, further chirality am-
plification appears to be, so far, not possible.[18] Neverthe-
less, a very interesting chirality ™memory∫ effect was ob-

served for the saddle-shaped
porphyrin 6[13] and the cerium
double decker porphyrin 7;[14]

after removal of the chiral
guests followed by replacement
with achiral molecules, the
complexes still retained the
chiral information and the
memory persisted for hours.
This chirality memory effect
has now been observed in other
supramolecular systems[19] and
is particularly interesting be-
cause of its versatility for novel
molecular memory device sys-
tems as well as a chirality-sens-
ing probe. This process can be
considered as a typical example
of chiral amplification of the
supramolecular level.[20]

Chirality Sensing by
Helical Polymers

In 1995, we reported that mac-
romolecular helicity with an

Figure 1. Structures of achiral receptor molecules 1±4 and induced-fit generation of an enantiomeric twisted
porphyrin helicity in 4.
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excess helical sense could be induced in an optically inac-
tive, dynamic helical polymer by an optically active small
molecule.[4] A cis-transoidal stereoregular poly[(4-carboxy-
phenyl)acetylene] (9a in Figure 3) prepared by the polymer-
ization of the corresponding phenylacetylene monomer with
a rhodium catalyst was the first example of such a noncova-
lent, one-handed-helicity induction phenomenon using
chiral acid±base interactions. Upon acid±base complexation
with chiral amines in DMSO, a dynamic one-handed macro-
molecular helicity is induced in the polymer, resulting in
characteristic ICDs in the long wavelength region of the p-
conjugated polymer backbone (300±500 nm). The induced
Cotton effect signs corresponding to the helix-sense of 9a
can be used for the chirality assignment of the amines. Pri-
mary amines and amino alcohols of the same configuration
yield the same sign of the ICDs.[4,5] Before this finding, heli-
cal polymers with optical activity due to macromolecular
helicity have usually been prepared either by the polymeri-
zation of optically active monomers or by the asymmetric
polymerization of achiral or prochiral monomers with chiral
catalysts or initiators. In these cases, the helical structures
and their helix senses are controlled by chiral pendants co-

valently bonded to the polymer
backbone or kinetically during
the polymerization.[6] The ad-
vantages of the present system
with the p-conjugated polyace-
tylene are its long-wavelength
absorption, high sensitivity
without derivatization, and easy
preparation into a film. The
concept of this helicity induc-
tion through noncovalent chiral
molecular interactions is widely
applicable to the design and
synthesis of related chirality-re-
sponsive poly(phenylacety-
lene)s bearing various function-
al groups as the pendant. For
instance, the introduction of
amino (9b),[21] boronate (9c),[22]

phosphonate (9d, 9e),[23] and
sulfonate (9 f)[24] groups as the
pendant produced poly(phenyl-
acetylene)s that can respond to
the chirality of chiral acids,
sugars, amines, and ammonium
groups, respectively, and their
complexes show a characteristic
ICD depending on the stereo-
chemistry including the abso-
lute configurations of the guest
molecules.
This one-handed helicity in-

duction concept allows polymer
chemists to use dynamic helical,
chromophoric polymers or
oligomers as templates for mac-
romolecular helicity induction

systems. In fact, similar helicity induction in the presence of
chiral molecules capable of noncovalently interacting with
the polymer×s functional groups was achieved for aliphatic
polyacetylenes (10, 11),[25] polyphosphazene (12),[26] polyiso-
cyanate (13),[27] polyguanidine (14),[28] and polyisocyanide
(15)[29] by our group or others.[33] Inai et al. took advantage
of the helicity induction concept combined with the structur-
al feature of an achiral oligopeptide (16) as a template to
induce a predominantly one-handed helix by chiral carbox-
ylic acids.[31] The binding of chiral carboxylic acids to the N-
terminal amino group of the peptide produced an ICD de-
rived from the one-handed helical conformation of the
entire peptide chain. This phenomenon was called the ™non-
covalent domino effect∫.[32]

Chiral solvation, while its chiral bias seems to be very
weak, can also be used to induce a helical conformation
with a preferential screw-sense in the achiral poly(n-hexyl
isocyanate) (17)[33] and a polysilane (18).[34] The helicity in-
duction was detected by the appearance of CD in the UV-
visible region of the polymer backbone. Due to the com-
plexity of the interaction mechanism and practical unfeasi-
bility, this method may not be applicable for general use as

Figure 2. Structures of chiral receptor molecules 5±8 and possible enantiomerization mechanisms upon binding
to chiral guests.
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a chirality-sensing probe of chiral solvents. A similar achiral
stiff polysilane (19) also exhibited an ICD when the polymer
formed supramolecular aggregates with helical chirality in
solution that contained chiral alcohols as the co-solvent.[35]

The ICD signs reflect the position of the OH group and
their absolute configurations of
the alcohols. The underlying
principle is conceptually inter-
esting and may have great po-
tential to be of general use for
the chirality sensing of chiral al-
cohols.

Chiral Amplification by
Helical Polymers

Starting with the pioneering
work by Green and co-workers
on the structural and chiroptical
investigation of polyisocyanates,
a typical stiff, rigid rodlike poly-
mer with a long persistent
length, the substantial nature of

the dynamic macromolecular
helicity of polyisocyanates has
been experimentally and theo-
retically revealed.[6b,36] Green
discovered that the copolymeri-
zation of an achiral isocyanate
with a small amount of optically
active isocyanate (less than 1
mol%) produced an almost
perfect one-handed helical pol-
yisocyanate.[37,38] This is a typi-
cal and excellent example of
the chiral amplification of cova-
lent systems in a polymer and is
called the ™sergeants and sol-
diers effect∫. The underlying
principle for this phenomenon,
based on theoretical calcula-
tions, is considered to be that
even optically inactive, but dy-
namically racemic polyisocya-
nates such as poly(n-hexyl iso-
cyanate) (17) and poly(2-butyl-
hexyl isocyanate) (20), which
are devoid of stereogenic cen-
ters, are an equal mixture of
right- and left-handed helical

conformations separated by the helix reversal points that
readily move along the polymer backbone (Figure 4).[38]

Therefore, helical polyisocyanates at dynamic equilibrium
can be considered as an inherently chiral (or racemic) mac-
romolecule like 5±8. Green further demonstrated that co-
polymers composed of a mixture of (R)- and (S)-enantiom-
ers with a small enantiomeric excess (ee) also form a pre-
dominantly one-handed helical conformation, and only
12% ee was sufficient to give a single-handed helical poly-
mer for poly(2,6-dimethylheptylisocyanate).[39] The minority
units obey the helical sense of the majority units in order to
avoid introducing energetic helical reversals. This phenom-
enon (positive nonlinear effect in asymmetric synthesis) is

Figure 3. Schematic illustrations of the formation of a one-handed helical structure of achiral poly(phenylace-
tylene)s upon complexation with chiral compounds (9) and structures of induced helical polymers (10±15) and
an oligopeptide (16).

Figure 4. Characteristics of dynamic helical polyisocyanates.
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called the ™majority rule∫.[39]

Consequently, chiral informa-
tion of a tiny amount of a pend-
ant covalently bonded to the
polymer backbone is signifi-
cantly amplified and trans-
formed into an entire polymer
chain through a significant co-
operative manner, resulting in a
higher optical activity than that
expected from the monomer
unit components (chiral±achiral
or chiral±chiral (R/S) combina-
tion). This is the most impor-
tant feature of dynamic helical
polymers and is completely dif-
ferent from the above-mentioned small molecular and
supramolecular systems (1±8). Helical polyisocyanates are
very sensitive to a chiral environment, therefore, the helical
dynamically racemic polyisocyanate (17) exhibited optical
activity due to a helicity in nonracemic solvents as described
above.[33]

On the basis of these observations, the chirality-respon-
sive polyacetylenes (9) described above may be regarded as
an analogue of the dynamic helical polyisocyanates, al-
though these polymers are not stiff, but rather flexible be-
cause of their short persistent length.[40] In fact, noncovalent
™sergeants and soldiers∫ and ™majority rule∫ effects were
observed in the poly(phenylacetylene) 9a. Typically, when
9a was mixed with 50% ee of 2-amino-1-propanol in
DMSO, the complex showed an intense CD as that of
100% ee.[5a] The noncovalent chirality amplification was also
observed in the complexation of 9a in the presence of a
small amount of (S)-2-amino-1-propanol (0.3 equiv to the
monomer units of 9a) and excess achiral 2-aminoethanol.
The polymer complexed with the chiral amino alcohol ex-
hibited a weak ICD, because of the lack of one-handedness
in the helical conformation of the polymer. However, the
addition of an increasing amount of the achiral 2-aminoe-
thanol caused a dramatic increase in the ICD intensity,
which was ten times higher than that of the complex of 9a
with 0.3 equivalents of (S)-2-amino-1-propanol.[5a] Upon
complexation of 9a with the achiral amino alcohol, the pop-
ulation of the right- and left-handed helices may be remark-
ably altered and induce a more intense ICD.[40]

During the intensive exploration of the chirality amplifi-
cation mechanism, we observed an unusual, but interesting
macromolecular helicity memory in this dynamic helical pol-
ymer system; the macromolecular helicity of 9a induced by
optically active amines, such as (R)-1-(1-naphthyl)ethyla-
mine (21), can be memorized even after complete removal
and replacement of the amines with achiral ones (for in-
stance, 2-aminoethanol (22) or n-butylamine (23)) (Figure
5).[41] The macromolecular helicity memory was quite stable
and lasted for a long time (over two years). The chirality
memory effect has been observed for supramolecular sys-
tems (6, 7 and see ref. [19]), but never previously observed
in helical polymers. The chiral amplification combined with
the macromolecular helicity memory with achiral amines

will offer a highly sensitive, chirality detection method for
chiral molecules whose optical activity is too small to detect
by conventional spectroscopic means.
More recently, we have succeeded in the detection of an

extremely small enantiomeric imbalance in a-amino acids
by a poly(phenylacetylene) bearing the bulky crown ether
as the pendant for the amino acid binding site (24 in Figure
6).[42] The polymer was designed and synthesized on the
basis of an idea that the introduction of an achiral bulky
host group such as crown ether units as the pendant may im-
prove the rigidity of the polymer backbone, so as to act
analogously to the polyisocyanates in their stiff helical char-

Figure 5. Schematic illustration of memory of macromolecular helicity concept. The macromolecular helicity
induced on 9a by a chiral amine ((R)-21) is memorized after complete removal of the amine and replacement
with achiral amines (22, 23).

Figure 6. Structures of conjugated polymers bearing crown-ether pend-
ants (24±26), and a possible model for the induced helical 24 complexed
with l-alanine. The crown ether units are represented by yellow and blue
rings for clarity and arrange in a helical array with a predominant screw-
sense along the polymer backbone.
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acter with alternating left- and right-handed helical seg-
ments separated by rarely occurring helix reversals. In fact,
0.1 equivalents of l-alanine (l-Ala) induced an almost one-
handed helix on 24 in acetonitrile. Moreover, 24 exhibited
an apparent ICD even with 0.01 equivalents of l-Ala, indi-
cating a strong chiral amplification with cooperative interac-
tion in the pendants through noncovalent interactions. The
lower limit of detection of l-Ala was 70 ng for the appear-
ance of the ICD on 24. This means that a very small chiral
bias in the pendant crown units complexed with l-Ala is sig-
nificantly amplified to induce the same helix on the major
free crown ether units. The significant advantage of this pol-
ymer is that all the common 19 l-amino acids as well as
some amino alcohols derived from the amino acids pro-
duced the same Cotton effect signs. This indicates that for
detecting amino acid chirality, 24 is indeed among the most
sensitive and practically useful synthetic receptors.
An extremely strong chiral amplification was also ob-

served in this system despite the noncovalent bonding inter-
action (Figure 7). Even a 5% ee of Ala brought about the

full ICD as induced by 100% ee of l-Ala.[42] Complexation
of a slight excess of one enantiomeric Ala with the pendant
crown ether units gave rise to an excess of the helical sense
preferred by the majority enantiomer. Similar strong chiral
amplifications were also observed for leucine and trypto-
phan. This striking chiral amplification of 24 enabled detec-
tion of the chirality of Ala with a very small ee of less than
0.005% with good accuracy and reproducibility. A good
linear relationship between the ee (from 0.1 to 0.005%) and
the ICD intensities of the polymer was found.[42] It is inter-
esting to note that Ala is a typical amino acid frequently
found in several meteorites including the Murchison meteor-
ite, which will make it possible to detect very small enantio-
meric imbalances in a wide variety of amino acids and relat-
ed molecules of interest in studies of meteorites and other
objects.[43]

We expected that analogous dynamic helical polymers, in-
cluding poly(phenylacetylene)s bearing other achiral crown
ethers with different ring sizes or macrocyclic host pendants,
could also form a dynamically induced helix in the presence

of chiral compounds capable of interacting with the pend-
ants. In fact, a stereoregular poly(phenylacetylene) bearing
the aza[15]crown-5 ether as the pendant (25)[44] was found
to form a predominantly one-handed helix in the presence
of amino acids, amines, and amino alcohols in organic sol-
vents, thus leading to ICDs, although the sensitivity of 25 to
the amino acids chirality was not as high as that of 24. How-
ever, 25 showed a higher sensitivity to the chirality of secon-
dary amines and l-proline than 24. These polymers were
soluble in water and exhibited ICDs with amino acids, and
chiral aromatic amines and alcohols. Currently, we speculate
that the hydrophobic interaction between the polymers and
guests functions as a chiral bias for inducing an excess one-
handed helicity in water.
Subsequent to our reports of 24 and 25, Kakuchi and co-

workers utilized the helicity induction concept and synthe-
sized a polyisocyanate with benzo[18]crown-6 pendants
(26).[45] A similar one-handed helicity induction on 25, as re-
vealed by an appearance of the ICD in the polymer back-
bone region, was observed in organic solvents upon com-
plexation with amino acids. The chiral amplification effect
was, however, smaller than those for the crown-ether-bound
poly(phenylacetylene)s (24, 25).

Chiral Amplification by Supramolecular Assembly

Other examples of the chiral amplification phenomenon
have been reported for supramolecular assembly systems
that involve self-assemblies composed of achiral±chiral or
chiral±chiral (R/S) components in which the chiral units are
covalently bonded to the components.[3d,20,46] Supramolecular
assemblies occur through intermolecular, noncovalent p±p
stacking and/or hydrogen-bonded network between the
components and exhibit an optical activity derived from
supramolecular chirality. The chiroptical properties obey the
sergeants and soldiers principle or majority rule. The recent-
ly reported self-assembled helical rosette nanotubes by Fen-
niri et al. are one of the most interesting approaches for
chirality sensing (Figure 8).[47] They found that the heterocy-
clic base with the benzo[18]crown-6 unit (27) underwent a

Figure 7. Changes in ICD intensity of the second Cotton (De2nd) of 24
versus the % ee of alanine during the complexation with 24 in acetoni-
trile at 25 and �10 8C.[42a]

Figure 8. Schematic representations of supramolecular self-assembly of
27 to form a left-handed rosette nanotube with l-alanine.[47]
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hierarchical self-assembly to generate equal amounts of
right- and left-handed helical rosette nanotubes. The further
addition of l-Ala, however, spontaneously promoted the
change of the racemic nanotubes to the one-handed helical
ones as indicated by the appearance of the ICD. The majori-
ty rule effect was also observed in this system, which will
offer a useful probe for sensing the amino acid chirality
through a significant chiral amplification by a supramolec-
ular assembly.

Chirality Sensing in Water by Helical
Polyelectrolytes

Although a number of chiral receptor molecules have been
prepared for chiral or chirality recognition in organic
media,[3,19] chiral recognition of charged biomolecules in
water with charged, water soluble chiral receptors remains
very difficult.[1c,9,48] This is because small electrolytes pre-
dominantly dissociate into free ions in water by hydration,
so that attractive interactions such as hydrogen bonding and
electrostatic interactions may not be anticipated in water. In
sharp contrast, polyelectrolytes such as nucleic acids are
completely different from small electrolytes; that is, a por-
tion of the counterions are bound to polyelectrolytes of a
sufficiently high charge density, and, therefore, polyelectro-
lytes can effectively interact with small charged biomole-
cules even in water.[49] On the basis of these considerations,
we prepared a chromophoric polyelectrolyte bearing a phos-
phonate group as the pendant (9d, 9e), bioinspired by the
interaction motifs of nucleic acids, and found that these pol-
yelectrolytes could interact with a variety of charged and
noncharged biomolecules, including amino acids, aminosu-
gars, carbohydrates, and peptides, in water. The complexes
form supramolecular assemblies with controlled helicity
through electrostatic and hydrogen-bonding interactions in
water.[23,50] For instance, the assay of 19 of the common free
l-amino acids produced the ICDs of 9e with the same
Cotton effect signs, demonstrating that the polyelectrolyte
functions as the first powerful chirality-sensing probe in
water. This concept, that is, the
use of a chromophoric dynamic
helical polyelectrolyte, is prom-
ising for the construction of a
specific sensory system for a
target biomolecule by tuning
the functional group of the poly-
electrolyte.

Chirality Sensing by Helix
Inversion of Helical

Polymers

Several synthetic, optically
active polymers and biopoly-
mers are known to exhibit helix
inversion (helix±helix transi-
tion) between right- and left-

handed helical conformations by changing the external con-
ditions, such as solvent, temperature, or by the irradiation of
light.[6d,51] On the other hand, switching of the macromolecu-
lar helicity by chiral stimuli is quite rare, but can be used to
sense the chirality of chiral guests. We previously reported
the first example of such a helix inversion induced by exter-
nal chiral stimuli through diastereomeric, noncovalent acid±
base interactions. A poly(phenylacetylene) bearing an opti-
cally active functional group such as a (1R,2S)-norephedrin
residue (28 in Figure 9)[52] is an optically active polymer and
exhibited an ICD in the long-wavelength region due to a
predominantly one-handed helical conformation. However,
it underwent a transition from one helix to another in the
presence of (R)-mandelic acid (29) in DMSO, which induced
an inversion of the Cotton effect signs, whereas the ICD of
28 hardly changed even in the presence of (S)-29. These re-
sults suggest that the difference in the free energy between
the right- and left-handed helices of the polyacetylene is rel-
atively small and highly sensitive to the chirality of the
acids, and that there is a delicate balance between the heli-
ces, which may lead to such a helix inversion by responding
to the chirality of the acids. In this particular system, the
chirality can be determined by CD.
Taking advantage of a chromophoric, dynamic helical pol-

yacetylene backbone, we quite recently prepared a unique
polyacetylene (30) bearing an optically active bulky b-cyclo-
dextrin as the side group that exhibited the inversion of hel-
icity induced by inclusion complexation with chiral guest
molecules into the chiral cyclodextrin cavity as well as by
solvent and temperature.[53] The helicity inversion was ac-
companied by a color change due to a change in the twist
angle of the conjugated double bonds (tunable helical pitch)
that was readily visible with the naked eye and could be
quantified by absorption and CD spectroscopies. (R)-1-Phe-
nylethylamine (31) induced a negligible color change in the
DMSO-alkaline water mixture of 30. However, the polymer
exhibited a color change (from yellow to red) in the pres-
ence of (S)-31 accompanied by an inversion of the Cotton
effect sign. This system seems to be a conceptually new chir-
ality-sensing method using a helical polymer.

Figure 9. Structures of optically active poly(phenylacetylene) derivatives (28, 30) and schematic illustration of
interconvertible right- (red) and left-handed (yellow) helices of 30. The solution colors of 30 in the presence of
(S)- (red) and (R)-31 (yellow) are also shown.
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Conclusion

The most important feature of dynamic helical polymers is
high sensitivity to a chiral environment and, therefore, a
small chiral bias that occurred in the remote side chain
through chiral molecular interactions can be transformed
into a main-chain conformational change with a large ampli-
fication. Such systems might provide the basis to construct a
novel chirality-sensing probe. Moreover, if the main chain is
also chromophoric, as in conjugated polymers, the output
signal transmitted by the chirality of the guests may be sig-
nificantly enhanced when chiral conjugated polymers have a
dynamic helical structure. Furthermore, when chromophoric,
dynamic helical polymers are further functionalized with a
conformationally labile, inherently chiral supramolecular re-
ceptor as the pendant, it may exhibit an ideal sensing system
for the chirality of the desired guest molecules, whereby the
chiral information of the guest first transfers to the pendant
through noncovalent interactions. Subsequently, the induced
supramolecular chirality can be further amplified in the pol-
ymer backbone as an excess of a single-handed helix.
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