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ABSTRACT: Poly(aryleneethynylene)-type polymers containing 8-quinolinol (qH) units in their main chain were
prepared via Pd-catalyzed polycondensation. They were first obtaine&id4e,'Bu group protected polymers,
and the—SiMe,'Bu protected polymer had number average molecular weilyhjsaf 4000-13000. Deprotection

of the —SiMe,'Bu group with [NBu]F gave the 8-quinolinol polymers. The polymers exhibited photoluminescence
with a peak at about 470 nm and quantum yields 0f49%, and the photoluminescence was tuned by addition
of metal ions such as 2h and AF*. Reaction of the polymer with [AI(Et)(3] (9" = 2-methyl-8-quinolinolato)
gave an Alg-type polymer complex, which was also photoluminescent in solutions and film.

Introduction cross-linked Alg-containing polymers prepared by photopo-
lymerization of a vinyl monomer having the Altype compleX.
Synthesis of polymers containing the Altype complex in
the main chain, however, has received less attefiéWe now
report the preparation of poly(aryleneethynylene) (PAE)-type
polymers containing the 8-quinolinol units via Pd-catalyzed
polycondensation, their optical properties, and the reaction of
the polymers with metal compounds, e.g.,

8-Quinolinol and its derivatives provide a variety of lumi-
nescent complexésVery recently, the use of aluminum and
zinc complexes of 8-quinolinol (e.g., Algg = 8-quinolinolato))
in organic light emitting diodes (OLEDs) has attracted much
interest? and OLEDs using Algtype complexes have been
industrialized. Alg is an electron transporting and luminescent
material?> and modifications of the 8-quinolinolato ligand to
improve the OLED performance of the Al complex have actively oR oR

been carried ot For example, an Al complex with 2-methyl- o B’m“’ Poly(aryleneethynylene) PAE
. . . . = = +Br Br + Pz —>—>  type polymer with the
8-quinolinolato ligand serves as an excellent hole blocking N

OR
material4 RO ) A — C)r—= O ~
Recently, we reported that an Al complex [AI(E)d (9 RO N
OH

OR

= 2-methyl-8-quinolinolato) with a reactive AlEt bond could . —
be isolated by choosing the appropriate ligahamy that [Al- TN UL (2,
(Et)(q)2] reacted with active OH compounds such as 8-quino- RO N

“Alg'

linol and HO to give various luminescent aluminum com-
plexes®

In the reaction with a phenolic resin, [AlI(Et)jg] gives
luminescent Al(¢),-containing polymer materiafs.

Polymers having a large-conjugation system in the main
chain are the subject of recent inter€sf part of the results
was reported in the communication foPm.

Experimental Section
AEY@)] * C"g - CH? O Materials. 1,4-Didodecyloxy-2,5-diethynylbenzene (monomer-
OH n OAlgz /n 1), 1,4-dibromo-2,5-didodecyloxybenzene (monomer-2), 5,7-di-
N bromo-8-{-butyldimethylsiloxy)quinoline (monomer-a), 3,6-dibromo-
qH = ij\ 8-(t-butyldimethylsiloxy)quinoline (monomer-b), 3,7- dibromo-8-
N~ CH; (t-butyldimethylsiloxy)quinoline (monomer-c), and Pd(RRwere
OH prepared as previously reportedL,4-Bis(2-ethylhexyloxy)-2,5-

diethynylbenzene (monomer-8)1,4-dibromo-2,5-bis(2-ethylhexy-

Algs-type complexes are usually used in OLEDs via a vapor ony)benzene3 (mor.1omer-4§§1 2,.7-diethynyl-9,9-diocty|f|uorene
deposition process. However, obtaining polymeric materials (monomer-5§? 2, 7-dibromo-9,9-dioctylfiuorene (monomer®8gnd

containing the Alg-type complex may enable convenient, low- ﬁt,gr-ggs:(e)mo-S-methoxqunohﬁéwere prepared according to the

cost, and scaleable manufacturing methods (e.g., spin-coating’ \jeasurements.NMR and IR spectra were recorded on a JEOL
and ink-jet printing methods). Blending polymers with 8 Ex-400 spectrometer and a JASCO-IR 460 spectrophotometer,
and connecting Algiin polymer side chairishave been carried  respectively. UV-vis and photoluminescence (PL) spectra were
out. Recently, fabrication of OLEDs was also carried out using measured using a 3100PC spectrometer and a Hitachi F-4010
spectrometer, respectively. Gel permeation chromatography (GPC)

* Corresponding author. E-mail: tyamamot@res. titech.ac.jp.-Fak- was carried out with a Shimadzu LC-9A liquid chromatograph using

45-924-5976. chloroform as the eluent. X-ray diffraction (XRD) patterns of the
T Tokyo Institute of Technology. polymers were obtained by using a RINT 2100 UltidRC X-ray
* Gunma University. diffractometer. The XRD patterns were measured at a reflection
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Scheme 1. 1:2 Reaction Between Monomer-1 and Monomer-a
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mode. Elemental analyses were carried out with a Yanagimoto Type on per diethynyl monomer. The polymerization was carried out by

MT-2 CHN autocorder.

Reaction with Metal lons, Acid, and Base Methanol solutions
of the metal compounds were added to a Cit@éthanol solution
of the polymer. The final mixed solution for UWis and PL
measurements was adjusted to a 4:1 (v/v) GH&ithanol solution.
For example, a methanol solution (1 mL) of ZaC1.0 x 1073 M,

1.0 x 102 mmol) was added to a 4:1 (v/v) mixed solution (10
mL) of CHCI; and methanol containing polymer-4a(6/4-OEH) (0.1
mg, 1.0 x 1074 mmol of the 8-quinolinol unit). To the above
solution, 100 mL of CHG and 24 mL of methanol were added to
obtain a 4:1 (v/v) CHGImethanol solution containing ZnChnd
polymer-4a(6/4-OEH). AIG| ZnCkL, MgCl,, PdC}, NaOH, and
CRCOOH were used as the reactant.

Synthesis of Model Compound 1To a 25 mL Schlenk-type
flask, charged with 1,4-didodecyloxy-2,5-diethynylbenzene (mono-
mer-1, 124 mg, 0.25 mmol), 5,7-dibromo-8butyldimethylsiloxy)-
quinoline (monomer-a, 209 mg, 0.50 mmol), Pd(RPI29 mg,
0.025 mmol), and Cul (5 mg, 0.025 mmol), was added triethylamine
(5 mL) and toluene (10 mL) under nitrogen. The mixture was stirred
for 0.5 h at room temperature and at“@for 12 h. After removal

stirring the reaction mixture for 60 h at 7C. The reaction mixture

was poured into methanol, and the obtained polymer was separated
by filtration and dried under vacuum. Deprotection of th8iMe;-

Bu group was carried out by treating the protected polymer with
[NBug]F.21® 'H NMR data of the protected polymers, 8-methox-
yquinoline polymer, and deprotected polymers are shown in the
Supporting Information.

Synthesis of Ald,—Polymer Complex. To a THF solution of
polymer-4(OEH) was added dropwise a THF solution of [Al(Et)-
(9)2]. The reaction mixture was stirred at room temperature for 1
h and at 50°C for 17 h. After being cooled to room temperature,
the solution was poured into methanol. The precipitate was
separated by filtration, washed with methanol and acetone, and dried
under vacuum to obtain the Alg-polymer complexe polymer-
6(OEH-AI).

X-ray Crystallographic Analysis of the Model Compound 1.

A crystal suitable for X-ray diffraction study was obtained by
recrystallization of the compound from a CH@lexane solution
and was mounted on a glass capillary tube on a Rigaku AFC-7R
automated CCDC diffractometer equipped with Mo Kadiation

of the solvent by evaporation, the residue was washed with an (1 = 0.7107 A). The data were collected to a maximuénvalue

aqueous solution of NaCl and the product was extracted with €HCI
The CHC} solution was condensed by evaporation, and a mixture
of oligomers and the model compoufidvas obtained by column
chromatography on a Si@olumn (eluent= CHCI;). The product
was purified by HPLC (eluent= CHCI) to afford 1 as a yellow
solid, yield= 20 mg (7%).

IH NMR (CDClg, 400 MHz,0): 8.83 (dd,Jo4 = 2.0 Hz,Jp3 =
4.0 Hz, 2H, 2-H-Q), 8.81 (ddJs; = 2.0 Hz,Js3 = 8.0 Hz, 2H,
4-H-Q), 7.95 (s, 2H, 6-H-Q), 7.47 (dd;z, = 4.0 Hz,J3, = 8.0 Hz,
2H, 3-H-Q), 7.08 (s, 2H), 4.11 (t, 4H,= 6.8 Hz), 1.96 (M, 4H),
1.57-1.20 (m, 36 H), 1.13 (s, 18Hert-Bu), 0.87 (t, 6H,J = 6.8
Hz), 0.39 (s, 12H, -SiCHjg). 3C{*H} NMR (CDCl3, 100 MHz,

of 55.(°. A total of 720 oscillation images were collected. A sweep
of data was done using scans from—110.0 to 70.C° in 0.5°
steps aty = 45.0° and¢ = 0.0°. The detector swing angle was
—20.38. A second sweep was performed usimgscans from
—110.0 to 70.0 in 0.5° steps afy = 45.0° and¢ = 90.C°. The
crystal-detector distance was 285 mm. Readout was performed in
the 0.070 mm pixel mode. Calculations were carried out by using
the program package teXan for Windows. The structure was solved
by heavy-atom Patterson methods (DIRDIF92 PATTY) and ex-
panded using Fourier techniques. A full-matrix least-squares
refinement was used for the non-hydrogen atoms with anisotropic
thermal parameters. Crystal datafdsBroN.OsSiz): M = 1167.39;

d): 153.52, 151.27, 148.07, 140.70, 135.02, 134.58, 128.97, 121.67 triclinic; P1 (No. 2);a = 16.775(9)b = 17.18(1), and: = 18.69-
115.62, 113.62, 113.47, 111.74, 91.25, 90.97, 69.36, 31.97, 29.72,(1) A; a. = 87.74(3),8 = 73.41(2), and/ = 77.78(2); V = 5040-
29.71, 29.68, 29.60, 29.41, 26.22, 26.18, 22.76, 19.60, 14.21, and(5) A% Z = 3; u = 12.93 cmr’; F(000)= 2004; Deaca= 1.239 g

—2.42. The molecular structure of the model compoudndas
confirmed by X-ray crystallography as described bel&%{ H}
NMR spectrum of the model compountl is shown in the
Supporting Information.

Synthesis of PolymersSynthesis of the precursor polymers with
the —SiMe'Bu (‘Bu = tert-butyl) protecting groups (cf. Scheme
2) and a polymer containing 8-methoxyquinoline units was carried
out according to the Pd(PBRl-catalyzed polycondensation in a 1:3
(v/v) mixture of NEg and toluene (cf. Scheme 2) using mixtures
of the diethynyl monomer (monomer-1, monomer-3, or monomer-

5), the comonomer (monomer-2, monomer-4, or monomer-6), and
the dibromo monomer (monomer-a, monomer-b, monomer-c, or

5,7-dibromo-8-methoxyquinoline). The ratios between the mono-

mers are shown in Schemes 2 and 3, and 10 mol % of the Pd-

m~3 number of unique reflections= 20 859; number of used
reflections [ > 20(1)) = 6565; number of variables 1020. The
final R andR,, values were 0.094 and 0.071, respectiv@ly= =
[IFol - IFcll/Z[Fol, Ry = [2wW(|Fo| - |Fc)A)/ZwWF?Z2,

Results and Discussion

Synthesis of a Model Compound 1.The following Pd-
catalyzed 1:2 condensation reaction between monomer-1 and
monomer-a gave the model compouhds shown in Scheme
1 (cf. Experimental Section).

The'H NMR spectrum of the reaction mixture indicated that
the reaction gavé in about 50% yield.

The molecular structure dfwas confirmed byH NMR and

(PPh), catalyst and 10 mol % of Cul cocatalyst were added based 13C NMR spectroscopy and X-ray crystallography. Figures 1
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Figure 1. 'H NMR spectrum of the model compouridin CDCls.
The peaks with * are due to solvent impurities (CH&hd HO). For
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(monomer-2 or monomer-4) was added in addition to the
—SiMe;Bu protected 8-quinolinol monomer (monomer-a through
monomer-c). The ratio between the comonomer and the
—SiMe)'Bu protected 8-quinolinol monomer was either 6:4 or
8:2. Without the comonomer, the obtained PAE-type homo
polymers were insoluble despite the presence of the bulky
—SiMey'Bu group in the polymer, and characterization of the
homopolymer was difficult.

The polymers obtained from monomer-a and monomer-b had
good solubility in organic solvents such as THF and CHCI
However, polymer-1c¢(6/4-OC12) obtained from monomer-c was
only partly soluble in organic solvents (e.g., about 50% in
CHCI3), and GPC data of polymer-1c(6/4-OC12) were obtained
with the CHCh-soluble part. The polymer derived from

assignment of the peaks in the aromatic region, see the Experimentalmonomer-c is considered to have a straight molecular structure,

Section.

tilt angle = ca. 11°

Figure 2. Molecular structure of the model compourid The
terminal-terminal distance of the twe-OC;2H,s groups is about 30
A including the van der Waals radius of the terminal Qitoup. The
sr-conjugation system essentially has a coplanar structure—0t@ Hys
side chain is tilted by about 2Trom the main chain. According to the
tilt, the effective terminatterminal distance of the-OC,,H2s group
becomes 30 A< cos 10 (ca. 29 A).

and 2 exhibit théH NMR spectrum and the molecular structure

and its stiff structure seems to make the polymer less soluble.

As another type of polymer, the following PAE-type polymer
composed of 8-methoxyquinoline unit was also prepared, and
its chemical properties were investigated (Scheme 3). Table 1
summarizes synthetic results of the polymers 1, 2, and 3. The
obtained polymers showed, values of of 4006-13 000 in the
GPC analysis.

The M, value of 13 000 for polymer-1a(6/4-OEH) corre-
sponds to the incorporation of 20 monomeric units from
monomer-3, 12 monomeric units from monomer-4, and 8
monomeric units from monomer-a into the polymer chain; there
data indicate that polymer-la(6/4-OEH) contains about 40
aromatic units. Analogously, polymer-1a(8/2-OEH) with a
molecular weight of 12 600 is formed from about 20 monomer-
3, 16 monomer-4, and 4 monomer-a units. The soluble part of
polymer-1c(6/4-OC12) contains less number of the monomeric
units, and the insoluble part is considered to have a higher
molecular weight than the soluble part.

IR and IH NMR spectra of the polymers are reasonable
for the molecular structure of the polymers, ald NMR
data are given in the Supporting Information. The IR spectra
show avc=c peak at about 2200 cmh. The acetyleniovc—y
peak of the diethynyl monomer at about 3290¢nand the
ve—gr peak of the dibromo monomer at about 1100 érare
not observable in the IR spectra. TH¢ NMR data indicate
that the molecular structure of the polymers essentially agrees
with the feed ratio (lm in Scheme 2) of the two dibromo
monomers.

Formation of an Ordered Structure of the Polymers

of the model compound, respectively. The data shown in Figures Containing the —OC12H 25 Group. Figure 3a exhibits a powder

1 and 2 give basis for the assignmentsf NMR peaks of
—SiMe&'Bu protected polymers described below and for un-

XRD pattern of the polymer-1a(6/4-OC12). The XRD pattern
shows a peak in a low angle regiondat= 28.7 A. Such a peak

derstanding the molecular structure of the polymers obtained in the low angle region is often observed with lineaconju-

in this study.3C{1H} NMR spectrum ofl is shown in the
Supporting Information.

The fact thatl is obtained as the major product suggests
higher reactivity of the €Br bond at the 5-position than the
C—Br bond at the 7-position toward the organometallic con-
densation. The presence of the neighboring bull@SiMe,!-

Bu group seems to retard the reaction of theBE bond at the
7-position toward the Pd-complex used as the catalyst.

Polymerization. The following Pd-catalyzed polycondensa-

gated polymers having long alkyl or alkoxy side chains and
has been assigned to a distance betweentenjugated main
chains separated by the long side chafist The main chain

of the polymer-1a(6/4-OC12) is considered to bend at the
8-quinolinol unit; however, the polymer is considered to have
some linear parts, and the linear parts seem to form an end-to-
end (not interdigitation) packifg® ¢ which is depicted in the

top part of Figure 3.

The distance of 28.7 A agrees well with the effective terminal-

tions'! shown in Scheme 2 were carried out between diethynyl to-terminal distance (29 A) of the twe OCy;H,s side groups
monomers and dibromo monomers. To avoid possible coupling which is described in the caption of Figure 2. The repeating

reaction between the 8-quinolinelOH group and the-C=
CH or the —C—Br group, the—OH group was protected by
the —SiMe,'Bu group.

The polymers were obtained in 637% yields. In the

heighth (estimated to be about 6.8 A from the CPK model, cf.
the top part of Figure 3) of the main chain and the effective
diameter of the alkoxy side chaiw (= ca. 4.2 A) make the
formation of an interdigitation packing modé—< difficult.

polymerization shown in Scheme 2, the dibromo comonomer The broad background diffraction dt= 4.25 A is consid-
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Scheme 2. Synthesis of SiMe;Bu Protected Precursor Poly(aryleneethynylene) PAE-Type Polymers
(A) Dialkoxy-p-phenylene polymer

5 4
X 3 Br XN Br N Br
(Hm) = +1 Br Br +m 7 _ _ _
8 N1 N Br N

0SiMe,Bu 0SiMe,Bu OSiMe,Bu
?I‘Ronzg‘deer(-)yn or Eﬁ(o)r:g:]n()er:ezf) monomer-a »  monomer-b ’ monomer-c
monomer-3 (R = dodecyl) or
=2 -4
(R = 2-ethylhexy) E‘qo: Zthrymeny Polymer R quinolinol I/m
I:m=6:40r8:2 monomer
polymer-1a(6/4-OC12) Dod a 6/4
Pd(PPhg)s-Cul Precursor Polymers polymer-1b(6/4-0C12) Dod b 6/4
polymer-1¢(6/4-0C12) Dod c 6/4
OR OR OR polymer-1a(8/2-0C12) Dod a 8/2
/ - /—< = /N polymer-1b(8/2-0C12) Dod b 82
\ - N\ /7 — \ 7 /= >\ J polymer-1a(6/4-OEH) EH a 6/4
RG RO RG " polymer-1b(6/4-OEH) EH b 6/4
polymer-1a(8/2-OEH) EH a 8/2
ca.=6:40r8:2 polymer-1b(8/2-OEH) EH b 8/2
\ A
N/ N”
OS|Me2[Bu 0SiMe,Bu 0SiMe,'Bu
57-diyl 3,6-dliyl ' 3,7-diyl

R =-n-Cy2Hps (Dod)  or \(\/\ (EH)

(B) Fluorene polymers

I+ m) S Br ;j\/\ PAPPhCul

SlMeztBu
monomer-5 monomer-6 monomer-a,b
0.0 0.0 %
SlMeZ'Bu
oct—octyl
Polymer quinolinol monomer I/m
polymer-2a(6/4) a 6/4
polymer-2b(6/4) b 6/4
polymer-2a(8/2) a 8/2
polymer-2b(8/2) b 8/2

Scheme 3. Preparation of the 8-Methoxyquinoline Polymer Polymer -3

OCy2Has OC12H25
(I+m) = = L | Br
C12H250 C12H250
monomer-1 monomer-2
OC12H2s
Pd(PPh3),-Cul CH
LI G Lo
(= )—
C12H250 C12H250 C12H250 N

polymer-3 (I:m=6:4)

ered to have various interferences related to 4.25 A betweenla(6/4-OC12) to polymer-4a(6/4-OC12) with the 8-quinolinol
various atoms (e.g., C, N, O, and Si) in the polymer solid. As unit.

shown in Figure 3b, the packing structure of the polymer in ~ The XRD pattern of polymer-1b(6/4-OC12) shows similar
solid is essentially maintained after deprotection of the polymer- peaks ad = 29.4 and 4.26 A
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OCi2Hzs ’
[NBugJF —

——= O = O 0OSiMe,Bu -- ) OH @)
Ci2Hps0 W 8N

In contrast to the case of OCioHos polymers, the—OEH
(EH = 2-ethylhexyl) polymers (cf. Scheme 2) showed only a
broad XRD peak in the low angle region at about 15 A, as
shown in Figure S1 in the Supporting Information. The branched
—OEH alkoxy side chain seems to make formation of an ordered
packed structure difficult.

Deprotection of the —SiMez'Bu Group. The precursor
—OSiMe'Bu protected polymers were deprotected by treatment
of the polymer with [NBy]F, as shown in Scheme 4. Depro-
tection of -SiRR' groups of organic compounds with [NBE&
has been reporteld.

IR spectra of the deprotected polymers showay peak of
the hydroxyl group of the 8-quinolinol unit at about 3420¢m
and ave=c peak at about 2200 crh. The!H NMR peak of the
—SiMe;'Bu group disappeared completely after the deprotection.
The 'H NMR spectra of polymer-4b(6/4-OEH) and polymer-
4b(8/2-OEH) show a new peak at8.05, which was assigned
to the—OH proton of the 8-quinolinol unit. These results support
the fact that deprotection reaction occurred smoothly.

Most of the polymers having alkoxy side chains, polymer-
4a(6/4-0C12), polymer-4b(6/4-OC12), polymer-4a(8/2-OC12),
polymer-4a(6/4-OEH), polymer-4b(6/4-OEH), and polymer-4a-
(8/2-OEH), were soluble in organic solvents such as chloroform
and THF. However, polymer-4c(6/4-OC12) with a straight
structure, polymer-4b(8/2-OC12), polymer-4b(8/2-OEH), and
polymers having the fluorene unit, polymer-5s (cf. Scheme 2
and Scheme 4), were only partly soluble in organic solvents.
Because of good solubility and relatively higher molecular
weights of polymer-4b(6/4-OC12) and polymer-4a(6/4-OEH),
the metal-complexation study described below was mainly
carried out with these polymers.

UV —vis and Photoluminescence (PL) DataThe longest
UV —vis absorption peaks of the 8-quinolinol polymers were
observed in a range from about 410 to 430 nm. The-Wié
absorption peakiay) was shifted to a longer wavelength from

OCi2Hzs

C12H50

Macromolecules, Vol. 41, No. 5, 2008

Table 1. Preparation of the Polymers

polymer yield, % My Mu/MP
polymer-1a(6/4-0OC12) 79 6200 1.9
polymer-1b(6/4-OC12) 91 11000 1.8
polymer-1c(6/4-OC12) 63 4000 2.8
polymer-1a(8/2-OC12) 89 7700 25
polymer-1b(8/2-OC12) 91 11000 21
polymer-1a(6/4-OEH) 85 13000 3.1
polymer-1b(6/4-OEH) 77 10400 3.0
polymer-1a(8/2-OEH) 90 12600 1.9
polymer-1b(8/2-OEH) 97 8500 2.7
polymer-2a(6/4) 82 4000 2.3
polymer-2b(6/4) 83 9500 3.zx
polymer-2a(8/2) 78 5100 2.
polymer-2b(8/2) 74 10560 4.4
polymer-3 97 6000 1.3

a Carried out at 70C for 60 h in a mixture of NEtand toluene (1:3,
vlv) in the presence of 10 mol % of Pd(Pfhand Cul per diethynyl
monomerP Estimated from GPC (eluent chloroform, polystyrene
standardsM, = number average molecular weigM,, = weight average
molecular weight)¢ Data for the CHG-soluble part (cf. the text).

All the polymers were photoluminescent, and the this
and PL data of the polymers are shown in Table 2.

In the film, the Amax values of polymer-3 and polymer-
4(0OC12)s are shifted by about 30 nm to the longer wavelength
from thednaxvalues observed in CHgIsuggesting the presence
of an intermolecular electronic interaction between the polymer
molecules with the—OC;,H.5 side chains in the solid state.
However, such a shift is not obvious for the polymers containing
the branched alkoxy side chains, polymer-4(OEH)s. These
polymers containing the branched alkoxy side chains do not
seem to have an effective intermolecular electronic interaction
in the solid state because of effective separation of the polymer
molecules due to the presence of the bulky OEH side chains.

The 8-quinolinol polymers gave quantum yields ranging from
15 to 49% in photoluminescence in chloroform. The PL peak
shifts to a longer wavelength in the films, as shown in Table 2,
suggesting that the polymers form an excimer-like adduct
between the photoactivated polymer and the polymer in the
ground state in the solid state.

Reaction with Metal lons. It is known that 8-quinolinol
forms complexes with metal ions. Metal complexes with a large

those of the corresponding monomers (e.g., 339, 300, and 3227-conjugated ligand system have been the subject of recent
nm for monomer-1, monomer-2, and monomer-a, respectively) intrest!’:18

because of expansion of tle-conjugation system.
The Amax values of the—SiMe,'Bu protected polymers

Addition of metal ions to a 4:1 (v/v) CHgtmethanol
solution of polymer-4a(6/4-OEH) caused a change in the PL

essentially were in agreement with those of the deprotected SPECtrum. Figure 4 exhibits examples of the changes in the PL

8-quinolinol polymers, revealing that theSiMe,'Bu protecting
group did not have a significant effect on the electronic state
of the polymer. The straight polymer, polymer-1c(6/4-OC12),
may be expected to sholaxat a longer wavelength than those
of the bent polymers, polymer-1a(6/4-OC12) and polymer-1b-
(6/4-0OC12). However, the former polymer shalygx (392 nm)

at a shorter wavelength than thosg{ = 417 and 403 nm,

spectrum on addition of metal ions to a CHEMmethanol
solution of the polymer-4a(6/4-OEH). The data ontWs and
PL response are given in Table 3.

As shown in Figure 4, Naand AB* lead to the formation
of a new PL peak at about 550 nm, and the tone of the emitted
light was somewhat varied (cf. the inset of Figure 4). Formation
of salts of polymer-4a(6/4-OEH) with the metal ion is suggested,

respectively) of the latter polymers. These results seem to be®-9-

due to the lower molecular weight of the soluble part of
polymer-1c(6/4-OC12) compared to those of polymer-1a(6/4-
0OC12) and polymer-1b(6/4-OC12) and suggest thatthg
value saturates at a relatively shartonjugation length, which

is broken at the bent 8-quinolinol-5,7-diyl or 8-quinolinol-3,6-
diyl unit. The 8-methoxyquinoline polymer, polymer-3, shows
Amax Near to those of the-SiMe;'Bu protected polymers and

The PL of polymer-4a(6/4-OEH) was almost quenched by

the deprotected polymers. The polymers having the fluorene Pd#*, as shown in Figure 4; a similar quenching effect was

unit, polymer-2a(6/4), polymer-2b(6/4), polymer-2a(8/2), and
polymer-2b(8/2), showimax at 382, 386, 384, and 389 nm,
respectively.

reported for az-conjugated polymer of 1,10-phenanthroliffe.
In contrast to the case of polymer-4a(6/4-OEH), the addition
of metal ions to a 4:1 (v/v) CHGFmethanol solution of
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end-to-end packing
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OC12H2s p=42A
side chain h= ,
Ny Py
o / / / W bent at the 8-quinolinol unit
~ (e.g., 8-quinolinol-5,7-diyl unit)
28-29 A / / /
N /1 1
(a) (b)
26=3.08° 26=20.88° 26=3.14° 26=215°
d=287A d=425A d=281A [ d=4.12A
2 g > polymer-4a(6/4-OC12)
g polymer-1a(6/4-OC12) g (deprotected
Qo 9o polymer))
= £
0 10 20 30 40 50 0 10 20 30 40 50

26/° (Cu Ko)

Figure 3. Powder XRD patterns of (a) polymer-1a(6/4-OC12) and (b) polymer-4a(6/4-OC12) obtained after deprotection of polymer-1a(6/4-
XRD patterns. The linear part of the polymer is considered to form the

0OC12). A model for an end-to-end packing part is shown above the
end-to-end packing, and the main chain is considered to be bent at the

20/° (Cu Ka)

8-quinolinol unit such as the 8-quinolinol-5,7+diylRefeating length

of the unit formed from monomer-1 and monomerg2= Diameter of the—OC;;H;s side chain.

Scheme 4. Deprotection of the Precursor Polymers

polymer-10(l/m-OR) + NBWIF polymer-40(l/m-OR)
polymer-2¢(l/m) (NBua] polymer-50(l/m)

o =a,b,orc.l/m=6/4or8/2. OR =0C12 or OEH.
1 Xy 1 XN

o N7 polymer

> N7 polymer
OSiMe,Bu OH

Table 2. Optical Data of the Polymers

solution, thin film,
peak wavelength peak wavelength
innm ¢ innm
solrp,
polymer UV-vis PL2 % UV-vis PL?
polymer-3 416 471 24 439 511
496(s) 529
polymer-4a(6/4-OC12) 418 472 19 447 504(s)
548
polymer-4b(6/4-OC12) 401 466 26 419 500
polymer-4a(8/2-OC12) 428 474 15 454 565
502(s)
polymer-4b(8/2-OC12) 417 472 35 447 521
501(s) 558
polymer-4a(6/4-OEH) 423 472 34 429 491
536
polymer-4b(6/4-OEH) 413 471 49 417 486
522
polymer-4a(8/2-OEH) 426 475 32 428 493(s)
550
polymer-4b(8/2-OEH) 427 476 34 437 490
526
polymer-6a(6/4-OEHAI) 419 472 22 425 473
507
polymer-6b(6/4-OEHAl) 413 471 54 445 474
504(s)
polymer-6a(8/2-OEHAI) 435 474 25 439 570
polymer-6b(8/2-OEHAl) 433 476 37 442 493
529

a Photoluminescence measured under () indicates a shoulder peak.
When two values are given, the two peaks have comparable intensities.
b Quantum yield of photoluminescence in chloroform calculated based on
a quinine sulfate standard in 0.5 M sulfuric acidcrom ref 9.

polymer-4b(6/4-OEH), polymer-4a(8/2-OEH), and polymer-4b-
(8/2-OEH) caused smaller changes in the PL. The stronger
response of polymer-4a(6/4-OEH) than that of polymer-4b(6/

Intensity

b (NaOH)

1 i | N

450 500 550 600
Wavelength / nm

Figure 4. PL spectra and a photograph showing light emission of
the polymer-4a(6/4-OEH) and its metal complexes in a 4:1 (v/v)
mixed CHCl/methanol solution: (a) polymer-4a(6/4-OEH), (b) polymer-
4a(6/4-OEH) in the presence of NaOH, (c) polymer-4a(6/4-OEH)
in the presence of AlG) and (d) polymer-4a(6/4-OEH) in the pre-
sence of PdGl The PL spectra were obtained by excitation at the
421 nm. The photograph was taken under irradiation with light at
365 nm. N was bubbled in the solution and the sample tube was
sealed.

e

700

650

4-OEH) may have originated from the stronger acidity of the
—OH group in polymer-4a(6/4-OEH) because of the presence
of an electron-withdrawing ethynyl substituent at taposition
of the —OH group (cf. eq 4), and the lower response of polymer-
4a(8/2-OEH) and polymer-4b(8/2-OEH) is considered to be due
to a lower content of the 8-quinolinol unit. Figure S2 in the
Supporting Information shows effects of NaOH on light
emission of polymer-4a(6/4-OEH) and polymer-4b(6/4-OEH).
Addition of metal ions to a 4:1 (v/v) THFmethanol solution
of polymer-4b(6/4-OC12) led to changes in the PL spectrum
similar to those observed with polymer-4b(6/4-OEH). For
example, addition of A" brought about a shoulder emission
peak at about 500 nm. The PL of polymer-4b(6/4-OC12) was
also quenched by Pd.
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Table 3. UV—vis and PL Response of the Polymers to M in a 4:1 (v/v) Mixed CHCl3;—Methanol Solution

polymer-4a(6/4-OC12)

polymer-4a(6/4-OEH)

polymer-4b(6/4-OEH)

lmax /IEM [ lmax AEM (] lmax AEM D
metal ions (nm) (nm) (%) (nm) (nm) (%) (nm) (nm) (%)
ion free 423 473 12 421 475 18 410 473 11
Al3+ 425 473 7 422 473 8 415 478 19
Zn2* 428 473 6 426 473 6 412 473 10
NaOH 428 479,539 16 430 478,514 11 406 473 b
CFR;COOH 328 472 4 418 473 6 416 472 15
P&+ 431 quenched b 423 471 3 417 472 4
Mg2* 412 476,526 9 428 474 7 411 4753 5
aWith the appearance of a shoulder peak at 520 hiNot determined.
Scheme 5. PolymerAl Complex
X
P
\
polymer-4a(6/4-OEH)
polymer-4b(6/4-OEH) O——° THF
polymre-4a(8/2-OEH) /Cﬁ ——
polymer-4b(8/2-OEH) HaC—~"72 Nl 50 °C
=
OEH OEH OEH OEH
(= ‘\/\_// = )= \/\_// = = = \ﬁ
\ EHO EHO EHO N/) EHO e
OH O\X/o
| m' n' \N/(l)\N
m=(m'+n'") polymer-6a(6/4-OEH-Al) \ Y |
polymer-6b(6/4-OEH-AI) &
polymer-6a(8/2-OEH-Al)
polymer-6b(8/2-OEH-AI) EH = 2-ethylhexyl
Chart 1. Structure of the [Al(q' 2 ""H "
[AI(@")(a)] Alg, + # — Alg,(q") + qH (6)
N |abil different
| ablle  g_quinolinol
N
y \O\X/O a ligand exchange reaction is considered to cause the cross-
N/7 AN linking, and this seems to make the obtained polyrfdgs-
J N type complex insoluble.
) To improve the solubility of the obtained polymeAl

Polymer—Alqs-Type Complexes.As described in Intro-
duction, [AI(Et)(d)2] shown in eq 1 reacts with phenols and
8-quinolinol to give the corresponding aluminum com-
plexes. For example, the Al complex reacts with 8-quin-
olinol to give an [Al(d)2(q)] complex @) depicted in

complex, we carried out the reaction of polymer-4(OEH)s with
[AIED)(q")2]. The bulky OEH group in the main chain was
expected to retard the intermolecular ligand exchange reaction.
Scheme 5 shows the synthetic reaction of the polyriédqs-

type complex polymer-6(OEH-AI)s.

Chart 1%
[AI(Et)(g"),] + 8-quinolinol— 2. [Al(g"),(@)] 2
v (C=N)
Reaction of the 8-quinnolinol polymer with [AI(Et)(g] is ;
expected to give a new photoluminescent polymeric aluminum polymer-4a(6/4-OEH)
complex. However, the polymeric aluminum complex obtained g : V(C=C)21§98 i
by the reaction of polymer-4a type having th@©C,.H,s group = S
(e.g, polymer-4a(6/4-OC12)) with [Al(Et){(3] was insoluble E i
in organic solvents. g v (O-H) 3443
= ponmer-6a(6/4i-OEH-Al)
v (C=C) 21f97
OH +[AIEt) ()] —> insoluble product (5)
iv(c=C)
; iv(C=N) ;
A i . i A i .
Kudo pointed out that the polymers having Adtype pen- 4000 3000 2000 1000

dant complexes often became insoluble due to cross-linking of
the polymerd Because the Algtype complex is a labile
complex,

-1
Wavenumber / cm

Figure 5. IR spectra of [Al(¢)2(q)], polymer-4a(6/4-OEH), and the
polymer-Algs-type complex polymer-6a(6/4-OEHAI).
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(a ) — polymer-4a(6/4-OEH)
491 536 in CHCI,
472 “ \— — polymer-4a(6/4-OEH)
h / in cast film
5
e \
£ \
8 \
£ \
\
~N
N
~
~ -
1 1 N
400 500 600 700 800

Wavelength / nm
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(b) 472 5y —Polymer-sa(6I4-OEH-Al
in CHCI,
n — — polymer-6a(6/4-OEH-Al
1 ! in cast film
- I\ L\ TAE) (@ 2
5 .
s
=
[72]
[ =
2
£
\
NN
N
. D -~
" PR Ml |
400 500 600 700 800

Wavelength / nm

Figure 6. PL spectra of (a) polymer-4a(6/4-OEH) in CHCsolid line) and polymer-4a(6/4-OEH) in cast film (dashed line) and (b) polymer
Algs-type complex polymer-6a(6/4-OEH-Al) in CH{Xsolid line), polymer-6a(6/4-OEH-AI) in cast film (dashed line), and [Al{@)] 2 in CHCl3

(dotted line) excited at the absorption wavelength (cf. Table 2).

Figure 5 shows the IR spectra of [Aljg(q)] 2, polymer-4a-
(6/4-OEH), and the polymer complex polymer-6a(6/4-OEH-AI).

In the IR spectrum of the polymer complex polymer-6a(6/
4-OEH-Al), thev(OH) peak at 3440 cm becomes weaker than
that of polymer-4a(6/4-OEH)According to the reaction with
[AI(Et)(9")2], the number of N in the polymer increased and
the C/N atomic ratio of polymer-4a(6/4-OEH) decreased from
98.9 to 59.3 after the reaction with [Al(Et)jgl. The C/N atomic
ratio of 59.3 corresponds to transformation of about 30% of
the —OH group to —OAI(q'), group as described in the
Supporting Information.

Because the polymer-4a(6/4-OEH) derived from polymer-
la(6/4-OEH) is considered to contain eight 8-quinolinol units

In the cast film, the main PL peak of polymer-4a(6/4-OEH)
shifts to 536 nm. The large PL shift from 472 to 536 nm in
going from the solution to the film is attributed to formation of
an excimer-like adduct in the filmz-Conjugated polymers
including the PAE-type polymers often show such a PL shift
to a longer wavelength, and it has been assigned to the formation
of the excimer-like adduét For polymer-6a(6/4-OEHAI), the
PL peak is also shifted to a longer wavelength as shown in
Figure 6b. However, the degree of the shift is smaller than that
observed with polymer-4a(6/4-OEH). In this case, the formation
of the excimer-like adduct seems to be retarded because of
twisting of the polymer main chain by incorporation of the bulky
Al complex. The PL peak of polymer-6a(6/4-OEAl), at 507

as described above, these results indicate that the polymer-6anm agrees well with the PL peak of [Aljg(q)] 2. These results

(6/4-OEH-AI) contains about two Al complexes in the polymer

suggest that the photoenergy captured by the polymer main chain

chain constituted of about 40 aromatic units (vide ante). In the is shifted to the Algtype center formed in the polymer complex

reaction of [Al(Et)(d)2] with phenolic resins shown in eq 1,
about one-half of the phenolie OH groups were transformed
to the —OAI(q')2 group® The XRD pattern of polymer-6a(6/
4-OEH-AI) resembles that of polymer-4a(6/4-OEH) shown in
Figure S1. However, the peak intensity of the peal at 15
A becomes weaker for polymer-6(6/4-OEH-AI). The bulky Alqg
type moiety in the polymer complex seems to make the
formation of an ordered packed structure more difficult.

Although the solubility of the obtained polymer complexes,
polymer-6(OEH-Al)s, was not high, the complexes were partly
soluble in organic solvents (e.g., about 40% in boiling CHCI
and 30% in boilingo-dichlorobenzene). Hence, obtaining BV
vis and PL data in CHGland preparation of cast films of the
polymer complexes polymer-6(OEH-Al)s were possible.

Emission from Algs-Type Center in Polymer—Al Com-
plex. Figure 6 shows photoluminescence spectra of [Adq
(9)] 2, polymer-4a(6/4-OEH), and the polymer complex polymer-
6a(6/4-OEH-AI).

As shown in Figure 6 and Table 2, both the polymer-4a(6/
4-OEH) and its Al complex, polymer-6a(6/4-OEHAl), give a
main PL peak at 472 nm in CHEIlIn the solution, the main

and the PL emission takes place from the flgpe optical
center.

By contrast, a simple mixture of polymer-4a(6/4-OEH) and
[Al(g")2(g)] (1:1) showed only a broad PL peak at 557 nm in
the film, and the PL peak from the Addype complex was not
observed (cf. Figure S4 in Supporting Information). These
results indicate that the effective transfer of the photoenergy
captured by the polymer main chain to the Atgpe unit in
polymer-6a(6/4-OEHAI) takes place in the solid state, and
the occurrence of interchain-type energy transfer of the photo-
energy captured by the polymer main chain to the Al complex
in the solid state is suggested. BVis and PL data of the
polymer complexes are included in Table 2.

Conclusions

New main-chain-type 8-quinolinol polymers can be prepared
via the Pd-catalyzed polycondensation. The 8-quinolinol poly-
mer gave the Algitype polymer complex, and the 8-quinolinol
polymers and the Algtype polymer complexes are photolu-
minescent with quantum yields of ¥89%. Main-chain-type

emission seems to occur from the polymer chain part without 8-quinolinol polymers such as polymer-4a are expected to be

the alumination. As described above, the polymer-6a(6/4-OEH-

Al) is considered to contain two Al complexes in the polymer

chain composed of many (about 40) aromatic units, and transfer

the starting material for light emitting polymer complexes.
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