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CONS P EC TU S

B ecause of their potential application as new electrical
materials that depend on their redox properties,

π-conjugated polymers and oligomers have attracted
much attention. Polyanilines, which are chemically stable,
are one of the promising classes of conducting π-con-
jugated polymers. Polyanilines exist in three different
discrete redox forms, which include the fully reduced
leucoemeraldine, the semioxidized emeraldine, and the
fully oxidized pernigraniline base form. The redox-active
1,4-phenylenediamine (PD) and 1,4-benzoquinonedii-
mine, unit molecules of the emeraldine base form,
can bind to transition metals to afford novel conjugated
complexes. The introduction of metal centers into π-conju-
gated polymers is expected to dramatically change their
functions.

In this Account, we describe our ongoing research into
the construction of conjugated complexes with redox-
active π-conjugated polyanilines and 1,4-benzoquinone-
diimines. These systems can form architecturally controlled
functionalized systems that depend on their dynamic redox
properties, resulting in highly selective and versatile electron-transfer reactions and functionalized materials.

Complexation with metals (Pd, V, Cu, etc.) occurred via the two nitrogen atoms of the quinonediimine moiety of the emeraldine
base form of poly(o-toluidine) to afford the single-strand or cross-linked network conjugated complexes with d,π-conjugation. The
complexation of the redox-active π-conjugated 1,4-benzoquinonediimines, unit molecules of the emeraldine base form, with
palladium(II) compounds yielded a variety of conjugated complexes. Through regulation of the coordination mode of the
quinonediimine moiety, we were able to architecturally control the formation of conjugated bimetallic, polymeric, or macrocyclic
complexes.

Complexation modulated the redox function of the quinonediimine moiety. Introduced metals act as a metallic dopant, and
the complexed quinonediimine is stabilized as an electron sink. Furthermore, chirality could be induced into a π-conjugated
backbone through complexation with optically active transition compounds, resulting in chiral d,π-conjugated complexes. We
could also modulate the functional properties of conjugated complexes based on the redox states of the redox-active π-conjugated
moieties.

We also demonstrated how complexes with redox-active π-conjugated molecules can control the architecture of
redox-functionalized systems through the metal imido bonds of these systems. Using the one-pot preparation of
(arylimido)vanadium(V) compounds from the corresponding anilines, we synthesized binuclear complexes with axial chirality
and trinuclear complexes with a tridendritic centrosymmetric structural motif. Such structures showed a strong tendency to
self-assemble.
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Introduction
The construction of efficient redox processes of transition

metal complexes is essential to develop functionalized

materials and catalysts.1 Coordination interactions of ligands

are able to control the redox processes; therefore ligand

design is one of the key factors for efficient redox systems.

Furthermore, if ligands are redox active, the combination of

both redox properties of the transition metals and ligands is

considered to provide multiredox systems. The organic brid-

ging ligand provides electronic communication between the

redox sites.

π-Conjugated polymers and oligomers have attracted

much attention for the application of electrical materials

depending on their redox properties.2 The function of π-

conjugated polymers is envisioned to be modified dramati-

cally by introduction of metal centers into the polymers.1d,f,3

π-Conjugated polymers andmolecules, which possess redox-

active properties and coordination sites, are allowed to serve

as redox-active ligands to afford the d,π-conjugated com-

plexes. If the π-conjugated ligand possesses more than two

coordination sites, two systems with different structures can

be designed basically as shown in Figure 1. In the case of both

metals and ligands possessing two coordination sites, these

components are arrayedalternatively to give the correspond-

ing polymer complexes. One possible application for these

complexes is asmaterials formolecularwires.4 Dependingon

their coordinationgeometries, a cyclic skeleton structure is also

allowed to be formed. Another designed system is derived by

multicoordination with a redox-active π-conjugated ligand,

giving the multinuclear complex. Based on the number and

geometry of the coordination sites, the systems with a variety

of dimensionally designed structures can be constructed.

Polyanilines are promising conducting π-conjugated

polymers with chemical stability. Polyanilines exist in three

different discrete redox forms, which include the fully re-

duced leucoemeraldine, the semioxidized emeraldine, and

the fully oxidized pernigraniline base form.2a The quinone-

diimine (QD), which is an oxidized molecular unit of poly-

anilines and possesses binding sites to metals, is reduced to

a semiquinonediimine radical anion (SQ) and a phenylene-

diamine dianion (PDA). The combination of this redox

behavior and complexation with transition metals is ex-

pected to provide efficient redox systems. In this context, a

variety of transition metal complexes with 1,2-benzoquino-

nediimines or their reduced species have been investigated

extensively.5 However, only few studies on transition

metal complexes with 1,4-benzoquinonediimines have

been reported, and the coordination behavior of 1,4-benzo-

quinonediimines has hitherto remained unexplored.6

In this Account, we summarize our ongoing research into

the design of the conjugated complexeswith redox-active π-

conjugated polyanilines and 1,4-benzoquinonediimines for

an architecturally controlled formation of conjugated com-

plexes. The functional properties based on the redox states

of the π-conjugated bridging spacer are also addressed.

Architecturally Controlled Formation of Con-
jugated Complexes with Polyanilines or 1,4-
Benzoquinonediimines
The controlled complexation of the emeraldine base of

poly(o-toluidine) (POT) with palladium(II) compounds was

performed in an organic solvent to afford conjugated poly-

mer complexes.7 Twonitrogenatomsof thequinonediimine

(QD) moieties were found to be available for complexation

in the case of Pd(OAc)2 and PdCl2(MeCN)2, which have two

coordination sites, affording cross-linked conjugated com-

plexes1 under nanospace control (Figure 2). In contrast, only

one coordination site was used with the palladium(II) com-

plex 28 bearing the tridentate ligand (L1H2),
9 in which a

conjugated single-strand complex 3 is likely to be formed.

Poly(3-heptylpyrrole) served as an efficient π-conjugated

ligand to afford a similar conjugated complex with PdCl2-

(MeCN)2. An organic light-emitting diode device with the

thus-obtained conjugated complex film as a hole injection

layer revealed maximum luminance of 11000 cd/m2 at 10

V, which was 2 V lower than a device with the convention-

al copper phthalocyanine (CuPc) hole injection layer.10

The conjugated complexes with π-conjugated polymers like

FIGURE 1. Design of conjugated complexes with redox-active π-con-
jugated ligands.
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polyanilines or polypyrroles have been demonstrated to

afford redox systems depending on their complex structures

and redox properties. For example, copper salts could be em-

ployed in the formation of the reversible redox cycle of undoped

polyanilines.11 The polymer complex could effectively serve as

an oxidation catalyst,12 in which the QDmoiety is considered to

contribute to a reversible catalytic redox process of a transition

metal.ThecatalyticWacker reactionwasallowedtoproceedwith

polymer complexes under molecular oxygen.12b,c

To gain further insight into the coordination properties

and structures in the complexationwith theQDmoieties, the

complexation behavior of a redox-active π-conjugated

molecule, N,N0-bis(40-dimethylaminophenyl)-1,4-benzoqui-

nonediimine (Q1)13 was investigated as a model molecule

FIGURE 2. (a) A cross-linked network of conjugated complexes 1 and (b) a single-strand conjugated complex 3.

SCHEME 1. Controlled Formation of 4, 5, or 6 with Q1
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of polyaniline. The complexation of Q1 with two equimolar

amounts of the palladium(II) complex 2 led to the formation

of the 1:2 conjugated homobimetallic palladium(II) complex

[(L1)Pd(Q1)Pd(L1)] (4, Scheme 1).14 The crystal structure of

4-anti showed that the two [(L1)Pd] units are bridged by the

QDmoiety ofQ1 as depicted in Figure 3. Each phenylene ring

of Q1 has an opposite dihedral angle with respect to the QD

plane, causing a propeller twist of 79.8� between the planes

of the two phenylene rings.

The conjugated complex 4 in dichloromethane showed

three separate redoxwaves (E1/2 =�1.49,�0.85, and0.20V

vs Fc/Fcþ) (Figure 4). The waves at �1.49 and �0.85 V are

assigned to the successive one-electron reduction of the QD

moiety to give the corresponding reduced species. This

result is in sharp contrast to the redox behavior of Q1 in

dichloromethane, in which an irreversible reduction wave

was observed at �1.67 V. Generally, the generated radical

anion appears to be unstable, although this depends on the

availability of a proton source.15 The most positive anodic

peak with twice the current (E1/2 = 0.20 V) is attributable to

one-electron oxidation process of the two terminal dimethyl-

amino groups. A substantial positive shift of this oxidation

wave compared with the free QD Q1 (E1/2 = �0.08 V) is

consistent with the coordination of Q1 to palladium. Redox

behavior of the conjugated complex 4 is schematically

depicted in Scheme 2. The ESR measurement indicates that

the unpaired electron is located mostly on the QD moiety

although delocalization to some extent onto the metal was

revealed by the weak satellite lines due to 105Pd coupling. In

the case of the reduction of the complex 4, the added

electrons are considered to be delocalized over the PdII�QD

d�π* system. Compared with the uncomplexed form, the

complexed QD is stabilized as an electron sink. Accordingly,

the redox properties of the QD moiety were found to be

modulated by complexation with the palladium complex 2,

affording a multiredox system.
On theother hand, complexationofQ1with [PdCl2(MeCN)2]

having two coordination sites in acetonitrile gave the conju-

gated polymeric complex 5, in which palladium centers are

introduced in the main chain (Scheme 1).16 In the conjugated

polymeric complex 5, both syn and anti isomers of the QD

moieties are likely to be present.

To regulate the coordination mode of the QD moiety, a

metal-directed assembly for the construction of metallo-

macrocycles was embarked upon by using [Pd(NO3)2(en)],

which has cis binding sites as a “metal clip”. The conjugated

trinuclear macrocycle [{Pd(en)(Q1)}3](NO3)6 (6) was obtained

quantitatively by treating Q1 with an equimolar amount of

[Pd(NO3)2(en)] (Scheme 1).16 The crystal structure of 6 con-

firmed a trimetallic macrocyclic skelton and the coordination

of bothQDnitrogen atoms to the palladium centers in the syn

FIGURE 3. (a) A top view and (b) a side view of the molecular structure of 4-anti (hydrogen atoms are omitted for clarity).

FIGURE 4. Cyclic voltammogram of 4 (1.0 � 10�3 M) in dichloro-
methane (0.1 M nBu4NClO4) at a glassy carbon working electrode with
scan rate = 100 mV/s under Ar.
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configuration (Figure 5). The noteworthy structural feature is

the orientation of the phenylene rings of Q1 in a face-to-face

arrangement at a distanceof about3.5Åat each corner of the

triangle, which indicates a π�π stacking interaction (Figure 6).

An open cavity possessing different faces was formed with

the cone conformation. This inclination of the QD planes is

probably due to the coordination of the nitrogen atoms to the

palladium centers. The macrocycle 6 accommodated two

methanol molecules at the top and bottom of the cavity. A

preliminary experiment on guest binding in D2O showed that

the association constant for 1,2-dimethoxybenzene, calculated

from 1H NMR spectroscopic data, was 4.0 � 103 M�1.

In recent years, there has been an increased interest in

chiral induction of polyanilines because of their potential

use in diverse areas such as surface modified electrodes,

molecular recognition, and chiral separation.17 Chiral poly-

anilines are formed by chiral acid dopants.17 Complexation

with optically active transition metal compounds induces

chirality to a π-conjugated backbone of polyanilines, giving

the corresponding chiral d,π-conjugated complexes. The

chiral conjugated polymer complex [POT�((S,S)-L2Pd)] ((S,S)-8)

was obtained by the reaction of the emeraldine base form of

POT with the chiral palladium(II) complex [((S,S)-L2)Pd(MeCN)]]

((S,S)-7) (Scheme 3).18 The UV�vis spectrum of (S,S)-8 showed

SCHEME 2. Schematic Representation of the Redox Behavior of 4

FIGURE 5. (a) The molecular structure of 6 (hydrogen atoms and NO3
� ions are omitted for clarity). (b) Space-filling representation of the molecular

structure of 6 (hydrogen atoms and NO3
� ions are omitted for clarity). Two methanol molecules are located at the top and bottom of the cavity.
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a broad absorption around 500�900 nm, which is probably

due to a low-energy charge-transfer transition with significant

contribution frompalladium (Figure 7). Furthermore, themirror

image relationship of the ICD signal around 500�850 nmwas

observed with (R,R)-8 (Figure 7), supporting the chirality induc-

tion in the case of POT. The random twist conformationof POT

might be transformed into the helical conformation with a

predominant screw sense through complexation.

To gain further insight into the chirality induction of π-

conjugated backbones, the chiral complexation behavior of

Q1 was investigated. Complexation of Q1 with two equimo-

lar amounts of chiral palladium(II) complex (S,S)-7 or (R,R)-7

afforded the chiral 1:2 conjugated homobimetallic

palladium(II) complex [((S,S)-L2)Pd(Q1)Pd((S,S)-L2)] ((S,S)-9) or

[((R,R)-L2)Pd(Q1)Pd((R,R)-L2)] ((R,R)-9), respectively (Scheme 3).18

Themirror image relationship of the CD signals around a low-

energy charge-transfer transition with significant contribution

from palladium (600�900 nm) of the QD moiety was ob-

served between (S,S)-9 and (R,R)-9 in dichloromethane as

shown in Figure 8. Such induced circular dichroism (ICD) was

not observed in the case of 7. These results suggest that

chirality of the QD moiety appears to be induced through

chiral complexation. The crystal structure of (R,R)-9-syn re-

vealed that the two [(L2)Pd] units are bridged by theQDmoiety

of Q1 as depicted in Figure 9. Each phenylene ring of Q1 has an

opposite dihedral angle of 47.3�with respect to the QD plane,

SCHEME 3. Formation of 8 or 9 with Q1

FIGURE 7. CD spectra (top) of 8 and UV�vis spectra (bottom) of (S,S)-8
and POT in THF (1.3 � 10�3 M).

FIGURE 6. Schematic representation of 6.
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causing a propeller twist of 75.6� between the planes of the

two phenylene rings. The chirality of the podand moieties of

[(L2)Pd] is considered to induce a propeller twist of the π-

conjugated molecular chain.

The redox conversion of PD to QD and the coordination

ability of QD permitted the in situ oxidative complexation of

PDwith the palladium(II) complex2 to form the 1:2 conjugated

homobimetallic palladium(II) complex [(L1)Pd(Q2)Pd(L1)] (10)

(Scheme 4).8b The cyclic voltammogram of the conjugated

complex 10 exhibited two separate redox waves at

E1/2 = �1.52 and �0.78 V vs Fc/Fcþ assignable to the succes-

sive one-electron reduction of the QD moiety. The crystal

structure of 10-anti revealed that the two [(L1)Pd] units are

bridged by the QD spacer (Figure 10).

A conjugated complex containing a [Mnþ(QD)Mnþ] unit

may, in principle, be converted to two other valence iso-

mers, [M(nþ1)þ(SQ)Mnþ] or [M(nþ1)þ(PDA)M(nþ1)þ], which differ

only in the electron distribution between the QD moiety

and metals. This valence isomerization is considered to

depend on the redox properties of both components.
FIGURE 8. CD spectra of 7 (1.0 � 10�4 M) and 9 (0.5 � 10�4 M) in
dichloromethane.

FIGURE 9. (a) A top view and (b) a side view of the molecular structure of (R,R)-9-syn (hydrogen atoms are omitted for clarity).

FIGURE 10. (a) Themolecular structure of 10-anti (hydrogen atoms are omitted for clarity). (b) Space-filling representation of themolecular structure
of 10-anti (hydrogen atoms are omitted for clarity).
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Vanadium compounds can exist in a variety of oxidation

states and generally convert between the states via a one-

electron redox process.19 The π-conjugated molecule Q1

and POT undergo complexation with VCl3 together with

redox reaction, affording the conjugated complexes 11

and 12, respectively. The complexation proceeds via reduc-

tion of the QD moiety with oxidation of V(III) to V(IV), in

which the vanadium species is considered to play an

important role in both complexation and reduction pro-

cesses (Scheme 5).20

The introduction of metal centers into π-conjugated

molecules by imido bonds is considered to be a reliable

strategy for the construction of conjugated systems. The

imido ligand coordinates to metals through a metal�nitro-

gen multiple bond,21 serving as an ancillary or supporting

ligand. The imido ligands are known to be a particularly

SCHEME 4. Formation of 10 with Q2

SCHEME 5. Complexation Behavior of (a) Q1 and (b) POT with VCl3
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suitable ligand for the stabilization of transition metal com-

plexes in high oxidation states through extensive ligand-to-

metal π donation.22 Imidovanadium(V) compounds have

attractedmuchattention becauseof their potential application as

catalysts.23 Self-association expands a multinuclear (arylimido)-

vanadium(V) compound containing the isopropoxide ligand

through μ-isopropoxido-bridging in a crystal state. Conven-

tionally, imidovanadium(V) compounds have been pre-

pared by the reaction of oxovanadium(V) compounds

with the corresponding isocyanates. One-pot preparation

of (arylimido)vanadium(V) triisopropoxides from aniline de-

rivatives by using NaH as a base was demonstrated to form

self-assembling multinuclear (arylimido)vanadium(V) com-

pounds.24 This versatile one-pot preparation of (arylimido)-

vanadium(V) triisopropoxides is allowed to synthesize a

variety of (arylimido)vanadium(V) triisopropoxides from

aromatic amines. For example, the reaction of 1,4-pheny-

lenediamine, VO(OiPr)3, and NaH afforded the binuclear

(arylimido)vanadium(V) triisopropoxide, [(iPrO)3V(N-p-

Ph-N)V(OiPr)3] (13, Figure 11). The structure of 13 was

confirmed by X-ray crystallographic analysis. Due to the

conjugation, the V�N�Ph�N�V core is almost linear

with the V(1)�N(1) distance of 1.678(2) Å and the

V(1)�N(1)�C(1) angle of 177.8(1)�. As expected, the one-

dimensional linear polymeric structure was formed

through μ-isopropoxido-bridging in the crystal packing as

shown in Figure 12.25

The axially chiral structure of the binuclear (arylimido)-

vanadium(V) triisopropoxide 14, [(iPrO)3V(N-(R)-1,10-BN-N)V-
(OiPr)3], was confirmed by X-ray crystallographic analysis

(Figure 13a,b).24 As a result of the CH�π interactions, the

binaphthyl moiety adopts a conformation with a dihedral

angle of 78.99(9)� between the naphthalene planes. Two

independent molecules exist in the asymmetric unit and are

connected alternately through the intermolecular CH�π

interactions, creating a left-handed helically ordered ar-

rangement in the crystal packing as depicted in Figure 13c,d.

The crystal structureof the trinuclear (arylimido)vanadium(V)

triisopropoxide15, [N[(-p-Ph-N)V(OiPr)3]3], revealeda tridendritic

centrosymmetric structural motif with a distorted pyramidal

geometry at the central nitrogen as depicted in Figure 14a.24

The imido structurewith theV(1)�N(1) distanceof 1.657(3) Å

and the nearly linear V(1)�N(1)�C(1) angle of 173.3(2)�
indicates the higher participation of an sp-hybridized char-

acter in the nitrogen of the imido bond. Two mirror imaged

molecules exist in the asymmetric unit, in which the

FIGURE 11. Multinuclear (arylimido)vanadium(V) alkoxides.

FIGURE 12. A portion of a layer containing the one-dimensional linear polymeric structure of 13 through μ-isopropoxido-bridging in the crystal
packings.
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triphenylamine moieties of these molecules adopt a mirror

imaged propeller twist conformation. Instead of the μ-iso-

propoxido-bridged polymeric structure as observed in 13,

these molecules pack in a face-to-face manner to form a

“gear pair”-like dimeric structure through six intermolecular

CH�π interactions between the aryl moieties in the crystal

packing as shown in Figures 14b,c.

Modulation of Functional Properties of Con-
jugated Complexes with 1,4-Phenylenedia-
mines or 1,4-Benzoquinonediimines
Bimetallic complexes composed of π-conjugated bridging

spacers and terminal redox-active transition metals have

received much attention as functional materials, in which

electronic communication through a π-conjugated spacer is

the focus.1d,f,3 However,modulation of functional properties

based on the redox states for such transition metals have

been investigated inonly few cases.26 Terminal redox-active

ferrocenyl groups were introduced into the redox-active PD

bridging spacer (Scheme 6).27 The crystal structure of Q3
red

revealed a twist conformation of the PDmoiety as shown in

Figure 15. The PD derivative Q3
red was readily oxidized with

PhIO to give the QD derivative Q3
ox as syn- and anti-QD

isomers (1:1 ratio) (Scheme 6).

The Q3
red showed the successive one-electron oxidation

processes of the ferrocenemoieties, indicating the electronic

communication between the ferrocenyl moieties through

the PD bridging spacer. The corresponding equilibrium con-

stant (Kc) for the comproportionation reaction ([Fc�Fc] þ
[Fcþ�Fcþ] = 2[Fcþ�Fc]) is 49. A simultaneous oxidation

wave of two ferrocenyl moieties was observed in the case

of the oxidized form Q3
ox, wherein electronic communi-

cation between the terminal ferrocenyl moieties is sup-

pressed. The regulation of the electronic communication

was achieved by changing the redox states of the PD

bridging spacer.

FIGURE 13. (a) Top view and (b) side view of the molecular structure of 14, (c) side view of a portion of a layer containing the helically ordered
molecular assembly through CH�π interactions in the crystal packing of 14 (the isopropoxy groups are omitted for clarity), and (d) space-filling
representation of a top view of the crystal packing of 14 (isopropoxy groups are omitted for clarity). The purple dotted line represents the
intermolecular CH�π interaction.

FIGURE 14. (a) Themolecular structure of 15 and (b) top view and (c) side view of a “gear pair” like dimeric structure of 15 through six intermolecular
CH�π interactions. The purple dotted line represents the intermolecular CH�π interaction.
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Complexation of Q3
ox with the palladium(II) complex 2

led to the formation of the 1:2 conjugated homobimetallic

palladium(II) complex [(L1)Pd(Q3
ox)Pd(L

1)] (16).27 The crystal

structure of 16 revealed that the two [(L1)Pd] units are

bridged by the QD spacer to form the 1:2 complex 16-anti

in anti configuration as shown in Figure 16. In the case of 16,

no electronic communication was observed between the

terminal ferrocenyl moieties.

Bipyridyl ruthenium(II) complexes linked by a bridg-

ing spacer have been investigated electrochemically

and photophysically to provide electronic and photoac-

tive devices.28 The redox interconversion between the

ruthenium(II) complex 17red bearing PD moieties and

17ox bearing QD moieties is possible (Scheme 7).29 In

the emission spectrum of 17red excited at 477 nm, almost

complete quenching was observed. An efficient photo-

induced electron transfer is likely to operate in 17red,

where the reduced form of the π-conjugated pendant

groups serves as an electron donor. Use of the oxidized form

17ox also resulted in a quenched spectrum upon excita-

tion at 477 nm. Taking the reported electron-transfer

SCHEME 6. Redox Interconversion between Q3
red and Q3

ox

FIGURE 15. The molecular structure of Q3
red (hydrogen atoms are

omitted for clarity).

FIGURE 16. The molecular structure of 16-anti (phenylethyl moieties and hydrogen atoms are omitted for clarity).

SCHEME 7. Redox Interconversion between 17red and 17ox
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mechanism of complexes bearing viologen or benzo-

quinone moiety into account,30 this result might be

explained by electron transfer in a direction opposite to

that of 17red or energy transfer. As observed in the

ruthenium complex 17, almost complete quenching oc-

curred in both dinuclear ruthenium(II) complexes 18red

and 18ox (Scheme 8).31

Photoirradiation of (acetonitrile)(2,20-bipyridine)(2,20:60,200-
terpyridine)ruthenium(II) hexafluorophosphate, [Ru(tpy)(bpy)-

(CH3CN)](PF6)2, in the presence of PD gave the conju-

gated ruthenium(II) complex [(tpy)(bpy)Ru(Q4)Ru(tpy)(bpy)](PF6)4
(19red) in aone-pot reaction (Scheme9).32 Thecrystal structureof

19red revealed that the two [(tpy)(bpy)Ru] unitsarebridgedby the

PD spacer to form the C2-symmetrical 1:2 complex 19red in anti

configuration (Figure17).Themodulationof theemissionproper-

ties of 19 by changing the redox states of the PD spacer was

also performed. The reduced form 19red showed the emission

at 605 nm in acetonitrile. On the contrary, almost complete

quenching was observed in the emission spectrum of the

oxidized form 19ox.

Summary and Outlook
The π-conjugated polyanilines and QD derivatives are re-

cognized as potential π-conjugated ligands or spacers

based on the coordination ability of the QD nitrogen atoms.

Another advantage depends on their redox properties. The

QD moieties are reduced to semiquinonediimine radical

anions (SQ) and phenylenediamine dianions (PDA). The

combination of this redox behavior and complexation with

transition metals provides efficient redox systems. The

hybrid catalysts composed of π-conjugated polyanilines

and metal nanoparticles can be designed based on this

concept.33 The controlled formation of the conjugated com-

plexes with redox-active π-conjugated polyanilines and QD

derivatives was achieved. Introduced metals play an impor-

tant role as a metallic dopant and the complexed QD

becomes stabilized as an electron sink. Furthermore, the

chirality induction to a π-conjugated backbone of polyani-

lines and QD derivatives was performed by the complexation

with optically active complexes, affording the chiral d,

π-conjugated complexes. Another noteworthy feature of the

conjugated complexes is themodulation of functional properties

based on the redox states of the QD spacer. The conjugated

complexes composedof the redox-active conjugatedQD ligands

areenvisioned toprovidenotonly functional electronicmaterials

SCHEME 8. Redox Interconversion between 18red and 18ox

FIGURE 17. The molecular structure of 19red (hydrogen atoms are
omitted for clarity).

SCHEME 9. Redox Interconversion between 19red and 19ox
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but also redox catalysts. By use of the one-pot preparation of

(arylimido)vanadium(V) compounds from the corresponding

anilines, thebinuclearandtrinuclearcomplexesweresynthesized

to permit the axial chirality and tridendritic centrosymmetric

structural motif, showing their strong tendency to self-assemble

through CH�π interactions for the creation of a unique highly

ordered molecular arrangement in a solid state. The above-

mentioned redox systems are expected to provide promising

nanomaterials and catalysts.
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