ORGANIC
LETTERS

Novel Poly(p-phenylenevinylene)s with a Vol 6 No. 7

Phenylazomethine Dendron as a 1179-1182
Metal-Collecting Site

Atsushi Kimoto, Kiriko Masachika, Jun-Sang Cho, Masayoshi Higuchi, and
Kimihisa Yamamoto*

Department of Chemistry, Faculty of Science and Technology, Keigeltsity,
Yokohama 223-8522, Japan

yamamoto@chem.keio.ac.jp

Received February 9, 2004

ABSTRACT

O QD

n—1 OR
N N
RN e
DPA-PPVs

Novel poly(p-phenylenevinylene)s (PPVs) with a dendritic phenylazomethine (DPA) as a metal-collecting site were synthesized via the Heck
reaction by filling the coordination site of DPA moiety via complexation with rare earth metal ions.

Functional z-conjugated polymers have inspired various vinylene)s DPA-PPVs) with the phenylazomethine dendron
applications such as organic light-emitting diodes (OLEDs) as the metal-collecting site. We found a novel synthesis of
and photocelld.Recently, various substituents on the PPVs PPV derivatives with a bulky group having coordination sites
have been introduced, providing additional properties suchsuch as phenylazomethine dendrons, which inhibit the
as magnetitand charge-transportitgubstituents. coupling by trapping catalysts by filling the coordination sites
Recently, we reported hole transport materials with a with rare earth metal ions.

phenylazomethine moiety as a metal-collecting unit that |n general, two different synthetic routes can be used to
resulted in a higher EL efficiency simply by complexation produce dendron-functionalized polymers. The first route
with a metal ior® To develop a new type of light-emitting  utilizes a polymer backbone with anchor groups to either
materials, we have synthesized novel ppippenylene-  convergently or divergently attach a dense sequence of
dendrons (grafting routé) The second utilizes monomers

(1) (a) Burroughes, J. H.; Bradley, D. D. C.; Brown, A. R.; Marks, R. i i
N.; MacKay, K.; Friend, R. H.; Burns, P. L.; Holmes, A. Rature 1990, already .ha\./mg dendrons, which are allowed to undergo
347, 539. (b) Greenham, N. C.; Moratti, S. C.; Bradley, D. D. C.; Friend, POlymerization (macromonomer route)We adopted the
JR- ',-:i Hg'ﬂ;{esﬁﬁ- F-Niiltgg%lgi?g%%% 628. (c) Tessler, N.; Denton, G.  macromonomer route to avoid the intrinsic problems of
.; Friend, R. HNature ,382, . . -
(2) Yu, G.: Gao, J. Hummelen, J. C.: Wudl, F.; Heeger, ASdience grafting, such as achieving complete coverage of the polymer
1995,270, 1789. backbone with dendrons, the solubility of the polymer
(3) (@) Nishide, H.; Kaneko, T.; Nii, T.; Katoh, K.; Tsuchida, E.;
Yamaguchi, K.J. Am. Chem. Sod995 117, 548. (b) Nishide, H.; Kaneko,
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backbone during the second reaction (grafting reaction), and|jj| | N NG

_purificgtion of the prod_uct from_t_he reaction mixture. We Scheme 2. Synthesis 0DPA-DSB Gr#
investigated the reaction conditions for the model com- ;
pounds. The macromonomeBRA-Br, Gn, n = 1—-3) were DPA-Br, Gn . ——— No Reaction

obtained by dehydration between excess 2,5-dibromoaniline

and the corresponding phenylazomethine dendi@theme Eu(OTf),

1). In our study, 2,5-substituted phenylazomethine dendrim- O O O O
DPA-Br, G i N N

Scheme 1. Synthesis 0DPA-Br, Gn2
O O O O DPA-DSB Gn (n=1, 2}

H2NJ©/Br .
Br aReagents and conditions: (i) styrene, Pd(QAE)o-tol)s, (i-

n-1 PrpNH, dioxane.

Br, G3 does not proceed because of the incomplete capping

i of the metal-collecting sites and the inhibition of the
i n

¥ oo catalyst!? In the same way, we can apply this to other
Ij palladium-catalyzed reactions such as the Suzuki coupling
Br and Sonogashira coupling reactions by initially complexing
DPA-Bra Gn (n=1-3) with rare earth metal ions.
aReagents and conditions: (i) TICDABCO, PhCI. The addition of SnClto a chloroform/acetonitrile solution

of DPA-DSB Gn (n = 1—3) resulted in complexation with
a stepwise spectral change, similar to that for the previously

ers were obtained in relatively low yields 50%) as aresult ~ reported phenylazomethine dendrim&$!4 During the
of steric hindrance between the bulky dendrons and substit-addition of SnCj, the solution color ofDPA-DSB Gn
uents at the coreWe have refined the dehydration condi- changed from light to a deeper yellow. We observed that
tions, utilizing a large excess of 2,5-dibromoaniline, and the complexation was complete within 10 min by the spectral
succeeded in preparing the corresponding macromonomerghange after the addition of SnClhat is, the complexation
in very high yields (>90%). equilibrium is reached within at least several minutes. Using
We then examined the palladium-catalyzed Heck reactions UV—Vis spectroscopy to profile the complexation, changes
for the po|ymerizationéqv7a,10 The macromonomers were in the pOSitiOﬂ of the isosbestic pointS were observed,
simply allowed to react with styrene, but the corresponding indicating that the complexation proceeds not randomly but
compounds were not obtained under the normal synthetic Stepwise. This result suggests that three different complexes
conditions. This result suggested that the phenylazomethineare successively formed during the Spéddition.
dendron unit acted as a metal-collecting site and a catalytic  Typically, the spectra dDPA-DSB G2gradually changed,
amount of palladium was trapped and prohibited the oxida- With an isosbestic point at 337 nm up to the addition of 1
tive insertion into the monomer. The complexed macro- equiv of SnCi (Figure 1). The isosbestic point then shifted
monomers with metal ions were then employed to avoid the upon the further addition of Sngand appeared at 339 nm
deactivation of the palladium catalyst by complexation and
reacted with styren&. The Heck reaction successfully
proceeded and produced the reaction compouDB&{DSB
Gn) as confirmed by*H and 3C NMR analyses (Scheme
2). Eu(OTf} in the reaction mixture was removed by silica
gel column chromatography. However, the reactioDBA-

(7) (a) Bao, Z.; Amundson, K. R.; Lovinger, A.Nlacromolecule4998
31, 8647. (b) Karakaya, B.; Claussen, W.; Gessler, K.; Saenger, W.; Schliter,
A.-D. J. Am. Chem. S0d997,119, 3296. (c) Sato, T.; Jiang, D.-L.; Aida,
T.J. Am. Chem. S0d.999,121, 10658. (d) Setayesh, S.; Grimsdale, A.
C.; Weil, T.; Enkelmann, V.; Miillen, K.; Meghdadi, F.; List, E. J. W.;
Leising G.J. Am. Chem. So2001,123, 946. (e) Marsitzky, D.; Vestberg,
R.; Blainey, P.; Tang, B. T.; Hawker, C. J.; Carter, K. R.Am. Chem. =
So0c.2001,123, 6965. 250 300 350 400 450 500

Absorption

(8) Higuchi, M.; Shiki, S.; Yamamoto, KOrg. Lett.2000,2, 3079. Wavelength (nm)
(9) Higuchi, M.; Tsuruta, M.; Chiba, H.; Shiki, S.; Yamamoto, K.
Am. Chem. SoQ003,125, 9988. . . .
(10) () Kim, J. H.; Lee, HChem. Mater2002, 14, 2270. (b) lzumi, ~ F19ureé 1. UV—vis spectra changes BPA-DSB G2upon stepwise
A.: Nomura, R.; Masuda, TMacromolecule€000, 33, 8918. addition of SnCJ in CH;CN/CHCkL = 1/2. (Insert) Enlargements

(11) E¢+ ion was selected for the complexation with the phenylazo- Showing isosbestic points.
methine unit in the reaction because of the electrochemical stability.
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with additional SnGl*® Overall, the number of added
equivalents of SnGlrequired to induce a shift agreed with
the number of imine sites present in the different layers of
DPA-DSB. The titration results suggest that the complexation

presence of sulfuric acid. These polymers are soluble in
common organic solvents such as tetrahydrofuran (THF),
chloroform, and toluene. The I of these polymers were

determined using gel permeation chromatography equipped

proceeds in a stepwise fashion from the core imines to thewith a light-scattering detector and are shown in Table 1.

terminal imines of DPA-DSB G2. A similar stepwise
complexation was also observed wiiPA-DSB G1 and
G316

A similar reaction was developed for the polymerizations
with 1-methoxy-4-(2-ethylhexyloxy)-2,5-divinylbenzerg (
as shown in Scheme 3. Without a spacer in the reaction

Scheme 3. Synthesis 0DPA-PPVs
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DPA-PPVs (2-4: a, n=1; b, n=2)

a Reagents and conditions: (i) (a) Pd(OAG)(o-tol)s, (i-Pr,NH,
NMP, (b) styrene.

mixture, the polymerization occurred very slowly; the
reaction of DPA-Br, G1 required a very long time, while
that of DPA-Br, G2 did not result in any polymers not
soluble in methanol. We employg@ddibromobenzene as a
spacer to reduce the rate of the DPA moiety in the reaction
mixture. However, the polymerization BPA-Br, G3 does

not proceed because of the cooperative effect of incomplete

capping of the metal-collecting sites and their steric hin-
drance, considering the reaction time for the polymerization.

The Heck reaction succeeded and yielded the corresponding

polymer OPA-PPV Gn) with higher molecular weights
(My's). Eu(OTf) in the reaction mixture was removed by
Soxhlet extraction. The content of the DPA unit in the
polymer was determined by profiling the amount of benzo-
phenone produced via the hydrolysis of the polymers in the

(12) E?* could fill the metal-collecting sites of DPA G3 unit in
dichloromethane/acetonitrile 1/1 solution as published previously (ref 13a).
However, these reactions were performed in dioxane or NMP with a larger
polarity. Actually, in case of the reaction BIPA-Br, G3, a large amount
of uncomplexed Eu(OT#)existed in the reaction mixture as an insoluble
part in the solvent during the reaction, although Eu(@€&fuimolar to the
phenylazomethine unit was added.

(13) See Supporting Information for details.

(14) (a) Yamamoto, K.; Higuchi, M.; Shiki, S.; Tsuruta, M.; Chiba, H.
Nature 2002,415, 509. (b) Imaoka, T.; Horiguchi, H.; Yamamoto, K.
Am. Chem. So2003,125, 340.

(15) The complexation could not finish adding the equal molecular
amount of SnGlto the stoichiometry of the imine groups. This is due to
the lower equilibrium constant, which is about 10 times smalleDiBA-

DSB G1. The equilibrium constant was estimated from the titration curve
for complexingDPA-DSB G1 with SnCh (see Supporting Information).

(16) DPA-DSB G3was synthesized via the grafting route (see Supporting
Information).
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Table 1. Characterization oDPA-PPVs

XIY yield (%) xlya M,® (kDa) PDI¢
2a 1/0 47 1/0 9.8 1.2
3a 1/3 62 1/3 13.8 15
4a 1/7 68 1/8 37.0 3.1
2b 1/0 0d
3b 1/3 48 1/7 26.7 1.2
4b 1/7 58 1/16 23.7 1.1

a Determined by profiling the amount of benzophenone yielded via the
hydrolysis reaction with sulfuric acid.Determined using gel permeation
chromatography equipped with a light-scattering detector in THRDI:
Mw/M. 4 Insoluble part in methanol.

These results suggest that the steric hindrance between the
DPA unit and1 was reduced by introducing-dibromo-
benzene as a spacer. Indeed, the polymerization profiles
detected by preparative scale gel permeation chromatography
(preparative GPC) revealed that the lower reaction rate of
DPA-Br, G2 was estimated compared to that@PA-Br,
G1 on the basis of the degree of steric hindrance between
the DPA unit andL.

UV—vis and fluorescent spectra of the polymer solution
in chloroform (3a,4a, 3b, and4b) are shown in Figure 2.
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Figure 2. UV—vis (—) and fluorescence ¢ )7 spectrum oDPA-
PPV G1: (black)3a, (gray)4ain chloroform.

As shown here, these polymers show the absorption band
around 435 nm attributed to the-s* transition of the main
polymer chain, whereas DPA has the absorption band around
300—425 nm. As well, these polymers readily showed a
relatively strong emission around 510 nm derived from the
PPV moiety compared with other phenylazomethine den-
drimers and are expected for the application for OLEDSs.
With the addition of SnGlto the chloroform solution of
the DPA-PPVs, the UV spectrum changed similarly to that
of the model compounds, suggesting that the phenylazo-
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Figure 3. UV—vis spectra changes &b upon stepwise addition
of SnCh in CHCl,.

methine group in the polymer is also capable of assembling
metals (Figure 3)% The isosbestic points were not clear

because of a smaller amount of change in the absorption

and the smaller absorption ratio attributed to DPA compared
to that of PPV. A similar complexation behavior between
DPA-PPV G1 (2a—4a) and SnGlwas also confirmed.

(17) Excited at their absorption maximum.

1182

In conclusion, we have synthesized novel pphphenyl-
enevinylene)s (PPVs) with dendritic phenylazomethines
(DPA) obtained via the Heck reaction by complexing
monomers with metal ions in advance, providing a new
metal-collecting conjugated polymer.

Acknowledgment. This work was patrtially supported by
CREST from Japan Science and Technology Agency, Grants-
in-Aid for Scientific Research (nos. 15036262, 15655019,
15350073) and the 21st COE program (KEIO-LCC) from
the Ministry of Education, Culture, Sports, Science, and
Technology, and a Research Grant (Project 23) from Kana-
gawa Academy of Science and Technology.

Supporting Information Available: Detailed experi-
mental procedures of palladium-catalyzed reactions and
characterization data &fPA-Br, Gn, DPA-DSB Gn, 1, and
DPA-PPVs. This material is available free of charge via the
Internet at http://pubs.acs.org.

OL0497741

(18) We at least identified the number of metal ions by -ths
spectroscopy. On the basis of the resultz'Sions bind to all the binding
sites. The number agreed with the imine units determined by the hydrolysis
method.
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