
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Supramolecular Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713649759

Helix Architecture and Helicity Switching via Dynamic Metal
Coordination Chemistry
Hiroyuki Miyakea; Hiroshi Tsukubea

a Department of Chemistry, Graduate School of Science, Osaka City University, Osaka, Japan

To cite this Article Miyake, Hiroyuki and Tsukube, Hiroshi(2005) 'Helix Architecture and Helicity Switching via Dynamic
Metal Coordination Chemistry', Supramolecular Chemistry, 17: 1, 53 — 59
To link to this Article: DOI: 10.1080/10610270412331328790
URL: http://dx.doi.org/10.1080/10610270412331328790

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713649759
http://dx.doi.org/10.1080/10610270412331328790
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Helix Architecture and Helicity Switching via Dynamic
Metal Coordination Chemistry

HIROYUKI MIYAKE* and HIROSHI TSUKUBE

Department of Chemistry, Graduate School of Science, Osaka City University, Sugimoto, Sumiyoshi-ku, Osaka 558-8585, Japan

Received (in Austin, USA) 22 July 2004; Accepted 15 September 2004

A variety of metal complex helicates have been
developed for helix architecture and helicity switching
via ligand optimization. Among them, kinetically labile
metal helicates offered dynamic inversion of complex
helicity induced by external stimuli. They are promising
candidates for excellent supramolecular devices based on
dynamic metal coordination chemistry.
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INTRODUCTION

Molecular programming toward the design of
helical structures and their dynamic inversion has
been actively studied for developing new nanos-
caled molecular machines with biomimetic func-
tions. Several types of foldamers, natural and
artificial polymers and natural/artificial hybrid
systems have been reported to give supramolecular
helices [1–3]. The metal complexes also offer a
promising strategy for developing structurally and
functionally defined supramolecules due to their
characteristic coordination geometry, redox activi-
ties and unique spectroscopic and magnetic proper-
ties. Several types of kinetically “labile metal
complexes ” have successfully provided unique
machine-like motion including dynamic rotations,
translations, stretching and shape flipping [4–9]. In
this review, we summarize the metal complex
strategy toward generation and switching of helical
structures, comparing them with nonmetal systems.
As some labile metal helicates are demonstrated to
offer dynamic inversion of their helical structures

via noncovalent interaction with external signals, a
new class of supramolecular sensors and switching
and memory devices can be constructed using the
metal helicate approach.

HELICITY INDUCTION AND HELICITY
SWITCHING VIA NONMETAL
COORDINATION

Nature organizes various helical architectures to offer
special biological functions. For example, DNAs
usually have duplex structures with right-handed
helicity, but some of them form left-handed double
helices upon external stimuli [10]. As illustrated in
Fig. 1 [11], the right-handed double helix (B-DNA)
of d(CGCGCG) is typically inverted to a left-
handed double helix (Z-DNA), depending on salt
concentration, temperature and other environmental
factors.

As helical inversion of biopolymers is thought to
trigger biological events, many efforts to mimic
helical inversion phenomena have been made using
organic molecules. Nakashima et al. typically
demonstrated that achiral polysilylene polymer 1
had asymmetric helical structures upon interaction
with chiral alcohols [12]. Although achiral 1 showed
no circular dichroism (CD) signal, addition of (S)-2-
butanol induced a positive CD signal around 350 nm,
while (R)-2-butanol showed a negative signal. Xu
et al. recently reported that right-handed helicene
(P)-2 bound left-handed Z-DNA more efficiently
than right-handed B-DNA [13]. As (P)-2 effectively
converted the B-DNA to the Z-DNA form through
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noncovalent interaction, a new route was proposed
for the biological switching functions of Z-DNA.

METAL COMPLEX STRATEGY FOR HELIX
ARCHITECTURE

A variety of metal complexes with bipyridine and
related heteroaromatic ligands are known to form
duplex and triplex helicates [14–19]. Imbert et al.
designed a hybrid-type ligand 3 that included a
bidentate coordinating site for the 3d metal cation
and a tridentate site for the 4f metal cation. This
formed a bimetallic triplex-stranded helicate in
which the Cr3þ cation was coordinated by three
bidentate sites and the Ln3þ (Nd3þ and Yb3þ)
cation was coordinated by three tridentate sites
[20]. The resulting triplex interestingly exhibited
extended lifetimes of lanthanide-based near-infra-
red luminescence in the millisecond range via a
Cr3þ ! Ln3þ energy-transfer mechanism (Fig. 2).
Shinoda et al. systematically synthesized ester-
armed cyclens 4, which formed octadentate Naþ

complexes, to offer quadruplicated helical geome-
try [21,22]. A further combination of octadentate
complex and chiral ligand cyclen realized the
integration of helical metal complexes at
the supramolecular level.

METAL COMPLEX STRATEGY FOR HELICITY

INDUCTION

More refined molecular programming has been
achieved by the use of chirality. Because the direction
of the helical structure can be controlled by a suitable
combination of chiral ligands and metal centers,
there are two possible approaches to control the
helical structures of the metal complexes. Figure 3
illustrates schematically the uses of ligand chirality
and complex helicity for helicity induction, where
“ligand chirality” is defined as the chirality of the
additional ligand to give the twisted geometry
between two chromophoric groups (Fig. 3a) and
“complex helicity” is the chirality at the metal center,
which can trigger supramolecular helicity (Fig. 3b).
As the direction of “complex helicity” is determined
by the chirality of the coordinating ligand, it can be

FIGURE 1 Double-helix structures of DNA d(CGCGCG).

FIGURE 2 Bimetallic triplex architecture exhibiting long lifetime
near-infrared luminescence.

FIGURE 3 Molecular programming based on (a) ligand chirality
and (b) complex helicity.
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switched by interaction of external stimuli with
the metal center and/or the ligand.

The helical sense of bisporphyrin-metal complexes
5–7 was programmed in which a chiral external
ligand asymmetrically bridged two metal centers
(“ligand chirality”, see Fig. 3a). When the bispor-
phyrin complex 5 including Zn2þ or Mg2þ was
bound by a chiral amine or amide, the twisted
geometry between the two porphyrin rings was
asymmetrically fixed [23]. The bisporphyrin complex
is achiral, but chirality of the external bidentate
ligand induced supramolecular chirality. The zwit-
terionic cystine worked as an effective external chiral
ligand in the cases of bisporphyrinates 6 including
Yb3þ and Gd3þ [24], and the helical oligopeptide
with two pyridyl binding sites operated well in the
bisporphyrin 7 system [25]. In these bisporphyrin-
metal complexes, the directions of their helices were
significantly controlled by the chirality of external
ligands. As the metal porphyrinates are chromo-
phoric, the generated helical structures gave intense
induced CD signals around the porphyrin Soret
bands, which offered CD chirality sensing of external
stimuli.

METAL COMPLEX STRATEGY FOR HELICITY
SWITCHING

The helicity of metal complexes has been effectively
inverted and switched by dynamic ligand rearrange-
ments, coupled with coordination from achiral

species and redox reactions of the metal center.

Chambers et al. reported that the coordinating

counteranions altered the helical direction of the
octahedral Co3þ complex. When the isolated L cis-a
[CoIII(8)Cl2]ClO4 complex reacted with sodium
oxalate in hot water, D cis-a [CoIII(8)(ox)]ClO4 was
obtained [26]. Although the helicity of the Co3þ

complex was inverted by external stimulus, the inert
complex properties yielded very slow processes. By
contrast, “labile Co2þ complexes” exhibited dynamic
ligand exchange kinetics and offered dynamic
helicity inversion. We recently demonstrated that
the helical sense of the “labile Co2þ complex” with
the chiral tetradentate ligand 9 was rapidly inverted
upon the addition of the achiral NO2

3 anion [27]. The
crystal structure of [CoII(9)(MeOH)2](ClO4)2

revealed that the Co2þ center was coordinated by
two amine nitrogen atoms and two amide oxygen
atoms of the ligand and two methanol oxygen atoms
from the solvent to form the L cis-a configuration
(Fig. 4a). The 1H NMR spectrum showed that all
signals appeared in the paramagnetic range with C2

symmetrical patterns (major isomer/minor
isomer ¼ 97.5/2.5). This indicates that the asym-
metric helical structure was retained in the solution.
This complex exhibited a positive CD signal in the
range of d–d transition. As the sign of the CD signal
was notably reversed by addition of NO2

3 (Fig. 5), the
helicity around the Co2þ center was inverted from
the L to the D form. Two equivalents of NO2

3 were
required for complete inversion of the CD signals
(inset of Fig. 5). The Co(NO3)2 complex with ligand
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10 was isolated, in which one NO2
3 coordinated with

the Co2þ center in a bidentate chelate fashion and the
other NO2

3 hydrogen bonded with the amide
hydrogen. Thus, the cooperative action of two NO2

3

anions was thought to stabilize the D form more
effectively than the corresponding L form (Fig. 4b).

The interaction between achiral species and coordi-
nating ligands also induced helicity inversion of the
metal helicates. Yano et al. reported that a “labile Co2þ

complex” with the sugar-based heptadentate tripodal
ligand 11 reversibly changed its helical structure ðLO

DÞ in the presence of the SO22
4 anion (Fig. 6) [28]. The

multiple hydrogen-bonding formation between the
SO22

4 anion and OH groups of the sugar ligand
regulated the direction of the sugar units and changed
the helicity around the Co2þ center. The solvent also
acted as an effective stimuli to invert the helical sense
of the bisporphyrin metal complex [29,30]. Borovkov
et al. reported that the coordination of a chiral amino
acid ester with the zinc bisporphyrin complex 12
provided a supramolecular helical structure. This
showed that the sign of the CD signal depended on the
nature of the solvent, and the interaction of the solvent
with the polar substituent of the coordinating amino
acid ester was thought to be important.

FIGURE 4 Helicity inversion of L cis-a [Co(9)(MeOH)2](ClO4)2

(a) to the corresponding D form (b).

FIGURE 5 CD spectral changes of a 1:1 mixture of 9 and Co(ClO4)2·2H2O upon the addition of Bu4NNO3 in CH3CN/CH2Cl2 (1/9). Inset:
Titration profiles of the CD amplitudes at 304 and 545 nm.
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Electrochemical control of metal complex helicity
was successfully developed by Canary and cow-
orkers (Fig. 7). The hard Cu2þ ion favored
coordination from the hard 2CO2

2 group of the
ligand 13, while the soft Cuþ ion preferred
the soft methionine sulfur atom. As reduction of
the hard Cu2þ to the soft Cuþ ion switched the
metal coordination site, the asymmetric arrangement
of the two quinoline chromophores was altered
[31,32].

METAL COMPLEX STRATEGY FOR HELICAL
MOLECULAR MACHINES

Helical molecules often exhibited dynamic equili-
brium between left-handed (M) and right-handed (P)
helical structures, and have the potential to be
unique molecular machines. Hiraoka et al. recently
designed a sandwich-shaped Agþ complex with the
disk-shaped ligand 14, in which a fast flip motion
occurred between the helical structures ½ðPÞO ðMÞ�

(Fig. 8) [33]. The motion rate decreased considerably
with an increase in the ring size of the ligand
(14 ! 15). Ikeda et al. constructed a capsule-like
molecule of homooxacalix[3]aryl ester-Pd2þ complex
16. This had a helical structure and showed
dynamic helical flipping motion, which could be
controlled by the inclusion of chiral guest molecules
[34]. A smart molecular spring was developed by
Jung et al. [35]. When the skew-shaped ligand Py2O

(3,30-oxybispyridine) complexed a Agþ cation in
a linear coordination fashion, polymeric helices
½AgðPy2OÞ�X X ¼ NO2

3

�
; BF2

4 ; ClO2
4 and PF2

6

�
17

were formed. The pitch of the helix was reversibly
stretched by counteranion exchange and the large
PF2

6 anion exhibited a larger pitch than the smaller
NO2

3 anion [35].

CONCLUSIONS

We have highlighted helicity induction and helicity
switching systems involving metal coordination.
Several types of kinetically labile metal complexes
exhibit dynamic helicity switching phenomena. The
external stimuli effectively invert their helicity in a
few minutes. Supramolecular machines have been
designed using the metal complex strategy. FurtherFIGURE 7 Helicity inversion of complex with 13.

FIGURE 6 Helicity inversion of Co2þ complex with 11.
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ligand architecture can provide various types of
helical metal complexes with fascinating functions,
some of which may be applicable as a new series of
supramolecular machines.
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