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ABSTRACT: Pd-complex-catalyzed polycondensation of 3,6-dibromo-1,2-phenylenediamine (1) with 2,7-bis-
(1,3,2-dioxaborolan-2-yl)-9,9-dioctylfluorene (2) gave polymer1a which consisted of 1,2-phenylenediamine-
3,6-diyl and 9,9-dioctylfluorene-2,7-diyl units in 99% yield. Polymer1a showed a weight-average molecular
weight (Mw) of 78 000 in the light scattering analysis and gave an intrinsic viscosity of 0.74 dL g-1. Reaction of
polymer 1a with aromatic boronic acids, Ar-B(OH)2 (Ar ) C6H5, C6H4-p-Bu, and C6H4-p-OMe), provided
polymers2a-2cwith a diazaborole ring in the side chain. A model compound of polymer1a, [1,4′;1′,1′′;4′′,1′′′;4′′′,1′′′′]-
quinquephenyl-2′′,3′′-diamine (model compound1), was also prepared by Pd-complex-catalyzed reaction
of 1 with biphenyl-4-boronic acid. Structures of the polymers and the model compound were determined
by 1H NMR and IR spectroscopy as well as by elemental analyses. All the polymers and the model
compound were photoluminescent in solution, and introduction of the diazaborole ring enhanced intensity of
photoluminescence (PL). Cyclic voltammetry revealed that all the polymers and the model compound were
electrochemically active in solutions, and the phenylenediamine and benzodiazaborole units behave as an electron-
donating group. Thermal stability of polymer1a was improved by transformation of the diamino group to the
diazaborole side chain.

Introduction

π-Conjugated polymers bearing reactive functional groups
have been attracting interest.1-10 For example,π-conjugated
polymers having a sulfo group,1-3 carboxylic group,4-7 or
hydroxy group8,9 have been reported. However,π-conjugated
polymer having a-NH2 side group has received less attention,10

in spite of the presence of a tremendous number of reports about
polyanilines.

π-Conjugated poly(p-phenylene) with the followingo-diamine
side groups will be a useful starting polymer for various
π-conjugated polymers because theo-diaminophenylene group
will be able to be converted into various groups,11,12 e.g.

It is known that 2,3-diamino-1,4-dibromobenzene can be
converted into the corresponding dibromo benzimidazole
and dibromoquinoxaline,11,12 and π-conjugated polymers
composed of the benzimidazole unit11 and quinoxaline unit12

have been synthesized by dehalogenative organometallic

polycondensation of the corresponding dibromo monomers.
However, synthesis of a similarπ-conjugated polymer
composed of the benzodiazaborole unit has no precedent to our
knowledge.

Herein we report synthesis of newπ-conjugatedp-phenylene-
type polymer constituted of the 2,3-diamino-p-phenylene unit
and conversion of the 2,3-diamino-p-phenylene unit of the
polymer to the benzodiazaborole unit:

Boron-containing polymers are the subject of recent interest
because of their important chemical and physical functional-
ities.13 They show blue emission,14,15 large third-order
nonlinear optical susceptibility,16,17 and high thermal stabil-
ity.14,18,19A large number of polymers containing boron in the
main chain have recently been reported.20-22 The polymers are
considered to have an expanded electron system through the
B-C and B-N bonds in the main chain by using the pz orbital
on boron.
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π-Conjugated polymers bearing a diazaborole ring at side
chain, e.g.

are also expected to show interesting optical and electronic
functionalities.

On these bases, we first synthesized aπ-conjugated poly(p-
phenylene)-type polymer with the 1,2-phenylenediamine build-
ing unit and then converted the 1,2-diphenylene unit into the
diazaborole unit. It is known that aromatic diamines react with
boronic acids to give diazaboroles.23,24

Herein we report preparation of the newπ-conjugated
polymer of 1,2-phenylenediamine, conversion of the diamino
polymer into the diazaborole polymers, and chemical properties
of the diamino and diazaborole polymers. Synthesis of a model
compound is also reported.

Results and Discussion

Polymerization. Pd-complex-catalyzed polycondensation of
2,3-dibromo-1,4-phenylenediamine (1) and 2,7-bis(1,3,2-diox-
aborolan-2-yl)-9,9-dioctylfluorene (2) gave polymer1a in 99%
yield, as shown in Scheme 1. The polymer essentially has a
poly(p-phenylene)PPP-type π-conjugated main chain.

Figure 1a shows the1H NMR spectrum of polymer1a. A
peak atδ 3.72 is assigned to the amine hydrogen, and its peak

area reveals that the amine groups are intact in the polymer-
ization. Signals of aliphatic and aromatic hydrogens are observed
in ranges ofδ 0.7-2.2 andδ 6.8-8.0, respectively. A model
compound of polymer1, model compound1, was also synthe-
sized according the method shown by eq 4, and comparison of
the 1H NMR spectrum of model compound1 with that of
polymer1a revealed that the1H NMR peak of polymer1a at δ
6.93 was assigned to the aromatic-H of the diamino-p-
phenylene unit (Ha shown in Scheme 1).

Observed areas of the amine signal, aliphatic signal, and
aromatic signals agreed with structure of polymer1a shown in
Scheme 1. Data from elemental analysis also agreed with the
structure of polymer1a with hydration water; the presence of
the hydrophilic NH2 groups in polymer1a seems to be the
reason for the hydration.

The IR spectrum of polymer1a depicted in Figure 2a shows
two distinct ν(NH) peaks at 3423 and 3338 cm-1. A peak
assigned toδ(N-H) is observed at 1609 cm-1. Polymer1ahad
high thermal stability with 5% weight loss temperature at 372
°C and was soluble in organic solvents such as toluene and
chloroform. However, polymer1a was not soluble in DMF. It
has been reported thatπ-conjugated polymers such as poly(3-
alkylthiophene)s with long side chains are soluble in halogenated
hydrocarbons and hydrocarbon whereas as they have poor
solubility in polar solvents such as DMF and acetone.25 Light
scattering analysis26 of a toluene solution of polymer1a gave
anMw (weight-average molecular weight) of 78 000 as described
below. Toluene solutions of polymer1a afforded an intrinsic
viscosity of 0.74 dL g-1.

Transformation of the p-Phenylenediamine Unit to Diaz-
aborole Units. Reactions of polymer1a with aromatic boronic
acids, Ar-B(OH)2 (Ar ) C6H5, C6H4-p-Bu, and C6H4-p-OMe),
in toluene under reflux conditions gave the diazaborole poly-
mers, polymers2a-2c, as exhibited in Scheme 3. The degree
of the transformation of the diamino group to the diazaborole

Scheme 1. Synthesis of the PPP-Type Polymer Having the NH2 Side Group

Scheme 2. Synthesis of a Model Compound for Polymer 1a

Scheme 3. Transformation to the Diazaborole Ring
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group was estimated at 73-85% from 1H NMR data and the
boron content.

According to the boronation reaction expressed by eq 5, the
intensity of the NH2 signal of polymer1a at δ 3.7 decreases,
as shown in Figure 1. The intensity of the Ha (cf. Scheme 1)
signal atδ 6.93 is also decreased, and the peak pattern in the
aromatic region is changed after the boronation reaction. These
1H NMR data agree with the formation of the unit B. The molar
ratio between the unit A and unit B was calculated from the
content of boron determined by ICP (inductively coupled
plasma) spectroscopy, and the data agreed with the1H NMR
data. The molar ratios between the unit A and unit B in polymers
2a-2c thus evaluated were 0.27:0.73, 0.15:0.85, and 0.18:0.82,
respectively. These data are shown in Table 1.

As described above and depicted in Figure 2, the IR spectrum
of polymer1aexhibits twoν(NH) peaks,νasym(HNH) andνsym-
(HNH), at 3423 and 3338 cm-1. According to the formation of
the diazaborole ring, these two IR peaks decrease, and a new
sharp peak of NH group of the diazaborole ring appears at 3479
cm-1 in the IR spectrum of polymers2a-2c.

As described above, polymers2a-2c have the mixed
structure with the unreacted unit A. As an attempt to obtain a
pure polymer consisting of only the unit B, polymerization of
2 with the following compound3, which was synthesized by
reaction of1 with benzeneboronic acid, was carried out as shown
in Scheme 4. However, the expected polymer, polymer3, was
not obtained, and a product, whose1H NMR and IR spectra
were essentially the same as those of polymer1a, was obtained.
It was reported that diazaborole compounds undergo hydrolysis
under basic conditions,27 and 3 and/or polymer3 seemed to
receive the hydrolysis during the polymerization under the basic
conditions. On the other hand, reaction expressed by eq 5 did

not require such basic conditions, and polymers2a-2c were
obtained.

Molecular Weight. Polymers 1a, 1b, and 2a-2c were
soluble in chloroform and toluene. Molecular weights of the
polymers were determined by light scattering methods and GPC,
and the data are included in Table 1. Light scattering analysis26

of polymer1a gave a weight-average molecular weight (Mw)
of 78 000, a degree of depolarization (Fv) of 0.06, a second virial
coefficient (A2) of -19.2× 10-4 cm3 mol-1 g-2, and a radius
of gyration (Rg) of 23 nm in toluene. The mediumFv value
suggested that polymer1a took an intermediate structure
between a linear structure and a random coil structure in the
solution. Determination of molecular weight of polymer1a by
GPC was not possible, presumably due to a strong interaction

Figure 1. 1H NMR spectra of polymers1a and 2a-2c in CDCl3.
Polymer1b exhibits the same1H NMR spectrum as the polymer1a.
Peaks marked with the * are due to the solvent impurity (CHCl3

and H2O).

Figure 2. IR spectra of polymers1a and2a-2c. The peak at about
2360 cm-1 is due to CO2 in air.

Figure 3. UV-vis spectra of polymers1aand2aand model compound
1 in CHCl3.
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of polymer 1a with polystyrene gel in the GPC column. For
polymers 2a-2c, their molecular weights were able to be
estimated by GPC, and the number-average molecular weights
(Mn’s) andMw/Mn values estimated by GPC are shown in Table
1, together withMw(LS) values of these polymers determined
by the light scattering analysis. Comparison of theMw(LS) value
estimated from the light scattering method withMw(GPC)
suggests that polymers form a loose aggregate in the static
solution used for the light scattering analysis. The smallerMn-
(GPC) value of polymer2b than those of polymers2a and2c
implies a change of polymer structure by introducing the flexible
butyl group at the diazaborole side chain, which will affect the
GPC data.

The model compound1 also exhibited good solubility in
organic solvents, in contrast to poor solubility ofp-quinquephe-
nyl in organic solvents.

Optical Properties. Optical data of the polymers and the
model compound are summarized in Table 2. Figure 3 depicts
UV-vis spectra of polymer1a, polymer 2a, and model
compound1 in chloroform. Polymer1a shows an absorption
peak at 355 nm. The peak position locates at a longer
wavelength than that of model compound1, in agreement with
the expansion of theπ-conjugation system along the polymer
chain. The λmax value, however, is shorter than that of a
π-conjugated polymer consisting of 9,9-dihexylfluorene-2,7-diyl
and p-phenylene units, which showsλmax at 370 nm in
chloroform.29 This seems to be ascribable to a steric effect of
the NH2 group which will cause torsion of the main chain of
polymer1a. In relation to this, the model compound1 exhibits

λmax (293 nm), which is located at a shorter wavelength than
that (λmax ) 303 nm) ofp-quinquephenyl.

All the polymers exhibit blue emission in their solution when
irradiated with UV light. The PL peak of the polymers appears
at an onset position of the their absorption bands, as usually
observed with photoluminescent aromatic compounds. Polymers
2a-2c give the PL peak in a range of 407-420 nm, and it is
seen from Table 2 that introduction of the diazaborole side chain
increases the quantum yield of PL. It has been reported that
aromatic diazaborole compounds give a strong emission with
high quantum yields.24b

Electrochemical Response. The electrochemical behavior of
the polymers was investigated by cyclic voltammetry (CV).
Figure 4 depicts CV charts of polymers1a and 2a in a
dichloromethane solution containing [Bu4N]BF4. Polymer1a
gives an oxidation (or p-doping) peak at about 0.47 V. It has
been reported thato-phenylenediamine undergoes multiple
electrochemical oxidation,28a and electrochemical oxidative
polymerization of o-phenylenediamine can also proceed.28b

Consequently, it is not easy to identify the electrochemical
reaction; however, occurrence of a simple oxidation reaction
of theo-phenylenediamine unit too-phenylenediimine, similar
to the electrochemical oxidation ofp-phenylenediamine unit of
poly(aniline) top-phenylenediimine unit,28c is conceivable. A
CV chart of model compound1 is depicted in the Supporting
Information (Figure 1S), and conceivable electrochemical oxida-
tion processes are exhibited in Scheme 1S and Scheme 2S in
the Supporting Information. As shown in Figure 4 and Table
2, polymers2a-2c received electrochemical oxidation at a

Table 1. Synthetic Results of the Polymers

polymer yield, % mol wta/103 Mw/Mn Fv
b A2

c × 104, cm3 mol-1 g-2 Rg,d nm [η],e dL g-1 unit A:unit Bf

1a 99 78 (LS) 0.060 -19.2 23 0.72 100:0
2a 85 188 (LS) 0.020 -0.91 33

8.6 (GPC) 6.37 27:73
2b 94 278 (LS) 0.11 0.59 36

5.7 (GPC) 1.23 15:85
2c 80 9.8 (GPC) 8.31 18:82

a LS: Mw (weight-average molecular weight determined by the light scattering method). GPC:Mn (number-average molecule weight) determined by
GPC.b Degree of depolarization.c Second virial coefficient.d Radius of gyration.e Intrinsic viscosity measured with a toluene solution at 26°C. f Estimated
from ICP data.

Table 2. Optical, Electrochemical, and Thermal Data

polymer and model
compound

absorption in
CHCl3, nm

photoluminescence in
CHCl3, nm (Φ,a %) Ex,b nm oxidation potential,c V Td,d °C

polymer1a 355 409 (11) 356 0.47 372
polymer2a 360 407 (32) 363 0.71 419
polymer2b 354 409 (48) 362 0.54 428
polymer2c 360 420 (20) 354 0.55 395
model compound1 293 (43100e) 391 (46) 314 0.35, 0.79

a Quantum yield.b Peak position observed in the excitation spectrum.c Peak oxidation potentialEpa vs Ag+/Ag. Measured in a dichloromethane solution
of [Bu4N]BF4 (0.10 M). d The 5% weight-loss temperature measured by TGA under N2. e Molar coefficient in mol-1 L cm-1.

Scheme 4. Polymerization Using the Diazaborole Monomer
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higher potential than polymer1a probably due to presence of
the electronegative boron atom. The oxidation of polymer1a
and polymer2a occurs at a lower potential than that of a
p-phenylene analogue (peak oxidation potentialEpa ) 1.40 V28d

vs SCE or 1.06 V vs Ag+/Ag). These data indicate that the
diazaborole unit behaves as a medium electron-donating unit.

Conclusion

New π-conjugated polymers constituted of the 2,3-diamino-
1,4-phenylene unit have been obtained. The polymer is expected
to be a starting polymer for variousπ-conjugated polymers, and
conversion of the 2,3-diamino-1,4-phenylene unit of the polymer
to the diazaborole unit has been carried out. The diazaborole
polymers are soluble in organic solvents, photoluminescent,
electrochemically active, and thermally stable. The diazaborole
group behaves as a medium electron-donating group.

Experimental Section

Materials and Measurements.Solvents were dried, distilled,
and stored under N2. The starting monomer1,11a,c monomer2,29

and Pd(PPh3)4
30 were prepared according to the literature.

Microanalysis of C, H, and N was carried out with a Yanagimoto
type MT-2 CHN autocorder. Microanalysis of B was performed
by using a Shimadzu ICPS-8100 sequential plasma spectrometer.
IR and NMR spectra were recorded on a JASCO FT/IR-410 PLUS
spectrophotometer and a JEOL GX-300 spectrometer, respectively.
UV-vis and photoluminescence spectra were recorded on Shimadzu
UV-vis 3100PC and Hitachi F4010 spectrometers, respectively.
Quantum yields were calculated by using a diluted sulfuric acid
(0.50 M) solution of quinine as the standard. GPC analyses were
performed by a Toso HLC 8020 and a Shimadzu LA-6A equipped
with polystyrene gel columns, using a DMF solution of LiBr (0.010
M), chloroform, or THF as the eluent with RI and UV detectors.
Light scattering measurement was carried out by using He-Ne laser
laser (632.8 nm) and toluene solutions of the polymers at 25°C.
TGA measurement was carried out by using a Shimadzu TGA-50
under a nitrogen atmosphere at a heating rate of 10°C min-1. Cyclic

voltammetry was performed in a dichloromethane solution contain-
ing 0.10 M [Et4N]BF4 with a Solartron SI 1287 electrochemical
interface.

Synthesis of Polymer 1a. 1 (0.53 g, 2.0 mmol) and2 (1.12 g,
2.0 mmol) were dissolved in 20 mL of dry toluene under N2. To
the solution were added K2CO3(aq) (2.0 M, 10 mL; N2 bubbled
before use), Pd(PPh3)4 (0.23 g, 0.20 mmol), and several drops of
the phase transfer catalyst (Aliquat336). After the mixture was
stirred for 3 days at 80°C, the solvent was removed under vacuum.
The resulting solid was dissolved in a small amount of chloroform
and reprecipitated in methanol. Polymer1a was collected by
filtration, dried under vacuum, and obtained as a dark brown powder
(0.98 g, 99%).1H NMR (300 MHz, CDCl3): δ 7.9-7.3 (6H, except
for solvent impurity), 6.93-6.83 (2H), 3.72 (4H), 2.02 (4H), 1.25-
1.10 (20H), 0.83 (10H). Anal. Calcd for (C35H46N2‚0.5H2O)n: C,
83.45; H, 9.40; N, 5.56. Found: C, 83.37; H, 9.50; N, 5.10.

Synthesis of Polymer 2a. After a toluene solution of polymer
1a (0.25 g, 0.50 mmol) and benzeneboronic acid (0.06 g, 0.50
mmol) was refluxed for 3 days, the solvent was removed under
vacuum. The resulting solid was dissolved in a small amount of
chloroform and reprecipitated in methanol. Polymer2a was
collected by filtration, dried under vacuum, and obtained as an
orange powder (0.25 g, 85%).1H NMR (300 MHz, CDCl3): δ
8.0-6.9 (13.1H, except for solvent impurity), 3.75 (1.08H), 2.10
(4H), 1.25-1.15 (20H), 0.82 (10H). Anal. Calcd for{(C35H46N2)0.27-
(C41H49BN2)0.73(H2O)}n: C, 82.19; H, 8.79; N, 4.87. Found: C,
82.19; H, 9.49; N, 4.90. ICP: Calcd: B, 1.37. Found: B, 1.35.

Polymers 2band2c were prepared analogously. Spectroscopic
and analytical data of the polymers are shown below.

Polymer 2b. Gray powder (yield) 94%).1H NMR (300 MHz,
CDCl3): δ 8.0-6.9 (13.1H, except for solvent impurity), 3.88 (0.
6H), 2.63 (1.7H), 2.1-0.7 (40H, except for solvent impurity). Anal.
Calcd for{(C35H46N2)0.15(C45H57BN2)0.85(1.2H2O)}n: C, 82.01; H,
9.14; N, 4.40. Found: C, 81.43; H, 9.11; N, 4.74. ICP Calcd: B,
1.44. Found: B, 1.44.

Polymer 2c. Orange powder (yield) 80%).1H NMR (300 MHz,
CDCl3): δ 8.0-6.8 (12.9H, except for solvent impurity), 3.84
(2.46H), 3.70 (0.72H), 2.12 (4H), 1.25-1.14 (20H), 0.88 (10H).
Anal. Calcd for {(C35H46N2)0.18(C42H51BN2O)0.82(2.5H2O)}n: C,
77.08; H, 8.75; N, 4.41. Found: C, 77.39; H, 8.65; N, 4.15. ICP
Calcd: B, 1.40. Found: B, 1.44.

Synthesis of Polymer 1b. 3(351 mg, 1.0 mmol) and2 (558
mg, 1.0 mmol) were dissolved in 20 mL of dry toluene under N2.
To the solution were added K2CO3(aq) (2.0 M, 10 mL; N2 bubbled
before use), Pd(PPh3)4 (57.8 mg, 0.05 mmol), and several drops of
the phase transfer catalyst, (Aliquat336). After the mixture was
stirred for 3 days at 80°C, the solvent was removed under vacuum.
The resulting solid was dissolved in a small amount of chloroform
and reprecipitated in methanol. Polymer1b was collected by
filtration, dried under vacuum, and obtained as a dark brown powder
(402 mg, 66%).1H NMR data agreed with those of polymer1a.

Synthesis of 3. After a mixture of 50 mL of toluene solution of
1 (2.57 g, 10 mmol) and benzeneboronic acid (1.22 g, 10 mmol)
was refluxed for 3 days, the solvent was removed under vacuum.
The resulting solid was recrystallized from hexane, collected by
filtration, and dried under vacuum to give3 as a white powder
(2.63 g, 75%).1H NMR (300 MHz, DMSO-d6): δ 9.29 (2H), 8.21
(2H), 7.43 (1H), 7.42 (2H), 7.01 (2H). Anal. Calcd for C12H9-
BBr2N2: C, 40.97; H, 2.58; N, 7.96; Br, 45.42. Found: C, 40.65;
H, 2.62; N, 7.79; Br, 45.62.

Synthesis of Model Compound 1. 1 (0.80 g, 3.0 mmol) and
4-biphenylboronic acid (1.19 g, 6.0 mmol) were dissolved in 20
mL of dry toluene under N2. To the solution were added K2CO3-
(aq) (2.0 M, 10 mL; N2 bubbled before use), Pd(PPh3)4 (0.17 g,
0.15 mmol), and several drops of the phase transfer catalyst
(Aliquat336). After the mixture was stirred for 3 days at 80°C,
the solvent was removed under vacuum. The resulting solid was
dissolved in a small amount of chloroform and reprecipitated in
methanol. Model compound1 was collected by filtration, dried
under vacuum, and obtained as a colorless powder (1.24 g, quan-
titative). 1H NMR (300 MHz, CDCl3): δ 7.76-7.34 (18H), 6.87

Figure 4. Cyclic voltammograms of polymer1 and polymer2a in a
dichloromethane solution of [Bu4N]BF4. Sweep rate was 50 mV s-1.
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(2H), 3.68 (4H). Anal. Calcd for C30H24N2: C, 87.35; H, 5.86; N,
6.79. Found: C, 87.07; H, 5.86; N, 7.09.
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Jäkle, F. Coord. Chem. ReV. 2006, 250, 1107.

(14) (a) Matsumi, N.; Naka, K.; Chujo, Y.Polym. J.1998, 30, 833. (b)
Matsumi, N.; Naka, K.; Chujo, Y.Macromolecules1998, 31, 8047.
(c) Matsumi, N.; Miyata, M.; Chujo, Y.Macromolecules1999, 32,
4467. (d) Matsumi, N.; Umeyama, T.; Chujo, Y.Macromolecules

2000, 33, 3956. (e) Miyata, M.; Matsumi, N.; Chujo, Y.Macromol-
ecules2001, 34, 7331. (f) Miyata, M.; Chujo, Y.Polym. Bull. (Berlin)
2003, 51, 9. (g) Matsumoto, F.; Nagata, Y.; Chujo, Y.Polym. Bull.
(Berlin) 2005, 53, 155.

(15) (a) Kobayashi, H.; Sato, N.; Ichikawa, Y.; Miyata, M.; Chujo, Y.;
Matsuyama, T.Synth. Met.2003, 135-136, 393. (b) Sato, N.; Ogawa,
H.; Matsumoto, F.; Chujo, Y.; Matsuyama, Y.Synth. Met.2005, 154,
113.

(16) Branger, C.; Lequan, M.; Lequan, R. M.; Large, M.; Kajzar, F.Chem.
Phys. Lett.1997, 272, 265.

(17) Matsumi, N.; Chujo, Y. InContemporary Boron Chemistry; Davidson,
M. G., Hughes, A. K., Murder, T. B., Wade, K., Eds.; Special
Publication No. 253; The Royal Society of Chemistry: Cambridge,
2000; p 51.

(18) Mulvaney, J. E.; Bloomfield, J. J.; Marvel, C. S.J. Polym. Sci.1962,
62, 59.

(19) Matsumi, N.; Naka, K.; Chujo, Y.J. Am. Chem. Soc.1998, 120, 5112.
(20) (a) Chujo, Y.; Sakurai, T.; Takizawa, N.Polym. Bull. (Berlin)1994,

33, 623. (b) Chujo, Y.; Morimoto, M.; Tomita, I.Polym. J.1995, 27,
90. (c) Matsumi, N.; Chujo, Y.Polym. Bull. (Berlin)1997, 39, 295.
(d) Matsumi, N.; Chujo, Y.Polym. Bull. (Berlin)1997, 38, 531. (e)
Matsumi, N.; Chujo, Y. Kotera, K.; Naka, K.Macromolecules1998,
31, 3155. (f) Miyata, M.; Matsumi, N.; Chujo, Y.Polym. Bull. (Berlin)
1999, 42, 505. (g) Chujo, Y.; Sasaki, Y.; Kinomura, N.; Matsumi, N.
Polymer2000, 41, 5047. (h) Miyata, M.; Chujo, Y.Polym. J.2002,
34, 967. (i) Miyata, M.; Chujo, Y.Polym. Bull. (Berlin)2002, 51, 9.

(21) (a) Chujo, Y.; Tomita, I.; Murata, N.; Mauermann, H.; Saegusa, T.
Macromolecules1992, 25, 27. (b) Chujo, Y.; Tomita, I.; Saegusa, T.
Polym. Bull. (Berlin)1993, 31, 553. (c) Chujo, Y.; Tomita, I.; Saegusa,
T. Polym. Bull. (Berlin)1993, 31, 547. (d) Chujo, Y.; Tomita, I.;
Saegusa, T.Macromolecules1994, 27, 6714. (e) Chujo, Y.; Tomita,
I.; Asano, T.; Saegusa, T.Polym. J.1994, 26, 85. (f) Matsumi, N.;
Chujo, Y.Polym. Bull. (Berlin)1999, 43, 117. (g) Matsumi, N.; Chujo,
Y. Polym. Bull. (Berlin)1999, 43, 151. (h) Naka, K.; Umeyama, T.;
Chujo, Y.Macromolecules2000, 33, 7467. (i) Matsumi, N.; Umeyama,
T.; Chujo, Y. Macromolecules2001, 34, 3510. (j) Matsumoto, F.;
Chujo, Y. J. Organomet. Chem.2003, 680, 27.

(22) Sundararaman, A.; Victor, M.; Varughese, R.; Ja¨kle, F.J. Am. Chem.
Soc.2005, 127, 13748.

(23) Pailer, M.; Fenzl, W.Monatsh. Chem.1961, 92, 1294.
(24) (a) Purdum, W. R.; Kaiser, E. M.Inorg. Chim. Acta1975, 12, 45. (b)

Maruyama, S.; Kawanishi, Y.J. Mater Chem.2002, 12, 2245. (c)
Kaupp, G.; Naimi-Jamal, M. R.; Stepanenko, V.Chem.sEur. J.2003,
9, 4156.

(25) Yamamoto, T.; Komarudin, D.; Arai, M.; Lee. B.-L.; Suganuma, H.;
Asakawa, N.; Inoue, Y.; Kubota, K.; Sasaki, S.; Fukuda, T.; Matsuda,
H. J. Am. Chem. Soc.1998, 120, 2047.

(26) (a) Kubota, K.; Urabe, H.; Tominaga, Y.Macromolecules1984, 17,
2096. (b) Zero, K.; Aharoni, S. M.Macromolecules1987, 20, 1957.

(27) Okuyama, T.; Takimoto, K.; Fueno, T.J. Org. Chem.1977, 42, 3545.
(28) (a) Solis, V.; Iwasita, T.; Giordano, M. C.J. Electroanal. Chem.

Interfacial Electrochem.1979, 105, 169. (b) Oyama, N.; Ohsaka, T.
Synth. Met.1987, 18, 375. (c) Kolla, H. S.; Surwade, S. P.; Zhang,
X.; MacDiarmid, A.; Manohar, S. K.J. Am. Chem. Soc.2005, 127,
16770. (d) Charas, A.; Barbagallo, N.; Morgado, J.; Alca´cer, L.Synth.
Met. 2001, 122, 23. The relationship between Ag+/Ag (0.34 V vs.
SCE) vs. SCE has been reported (Schiavon, G.; Zotti, G.; Bontempelli,
G. J. Electroanal. Chem. Interfacial Electrochem.1984, 323).

(29) (a) Liu, B.; Yu, W.-L.; Lai, Y.-H.; Huang, W.Chem. Mater.2001,
13, 1984. (b) O’Connor, S. J. M.; Towns, C. R.; O’Dell, R.;
Burroughes, J. H.Proc. SPIE2001, 4105, 9. (c) Yu, W.; O’Brien, J.
J. U.S. Pat. Appl. Publ.2005, 20050210 (Chem. Abstr.2005, 142,
228438).

(30) Coulson, D. R.Inorg. Synth.1972, 13, 121.

MA062107Y

Macromolecules, Vol. 40, No. 3, 2007 π-Conjugated Polyphenylenes443


