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Summary

The Ru(ll)-centered star-shaped polymer was prepared by cabaodinof 2,2'-bipyridyl-
terminated pol(propylene glycol) with ruthenium ion. The structure was confirmed by
GPC analysis and UV/Vis spectrum. The resulting polymer complex was well-soluble in
various organic solvents andcter.

Introduction

Metallo-polymers or gels caaining transition metal complexes have been
extensively investigateffom syntletic viewpoints[1-6]. In paticular, the construction
of polymer structurevzia coordiration between transition metal ions and ligands is simple
and fruitful synthetic méitod [2, 4, 6].

Previously, we reported the preparation of metal-centered star-shaped polymers by
coordimtion of 2,2-bipyridyl-termiated poy(oxyethylene) with ruthenium ion [4].
This type of star polymer is one of homogeneous organic-inorganic ciegam
molecular level. Metal-centered star-shaped polymers can be constructed by infinite
combinations of both organic polymers and triams metal complexes and have
considerable potentials such as elegic, magnetic, photoclemical propeties and
polymer blend. It is very important to extend their scope toward other organic polymers.
Poly(propylene glycol) is a common organic polymer and showgllext solubility in
various organic solvents or procesfibdistinct from poly(oxyethylene).
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In this paper, we report the prepdon of a novel Ru(ll)-centered star-shaped
polymer by coordiation of a 2,2-bipyridyl-termated poYy(propylene glycol) with
ruthenium ion. $cheme )

Results and discussion

2,2'-Bipyridyl-termirated poy(propylene glycol) Kpy-PPG) (4) was prepared
from canmercially available pg{propylene glycol) monobutyl etheM( = 2,500) as a
starting material a@arding to Scheme 24 was obtained by the reaction of tosylate of
poly(propylene glycol) monobutyl ethe@)( with a mono-anion of 4,4'whethyt2,2'-
bipyridyl (3) in 10% yeld. Purification of4 was carried out by a strongcidic ion-
exchange resin (Amberlist 15E). It is noted that using the ion-exchange resin the pure
ligand was obtained &lbugh the end-fustionalization was not completely achieved. A
star-shaped polymers) was prepared by coordition of 4 with ruthenium ion. A
water-ethanol solution containing 3 equivA4adind 1 equiv. of RuGi3H,0
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Fig. 1 GPC traces of 4 and 5
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was refluxed under nitrogestmospherdor 4 days. After puritation by gel-filtraton, 5
was obtained in 96 % yield as an orange-red sdtiché me 2

The GPC analysis of is demonstrated iFig 1. The peak of 5 was unimodal and
was found to be shifted to a higherlexular weight region than that 4f

The UV/Vis
spectrum of 5 is
shown in Fig. 2
The spectrum was
very similar to that of
the model complex
[Ru(4,4'-dmethyl-
2,2"-bipyridyl)”]

[7]. The chaacteristic
\ absorption around 400
- 500 nm &, = 462)
\\-—/\__ assigned to the metal-
, ) . ) . to-ligand charge
g e ACD

Abs.

From these results, it is confirmed that a desirable star-shaped polgmeag
obtained.5 was well-soluble in clroform, benzenemethanol, THF, and water. The
solubility of 5 was similar to that of theocresponding poly(propyleneglycoly is a
liquid but5 is a solid. The present star-shaped polymer showed a film-forming property,
and is expected as m@ovel photockmical device. As durther investigtion, we will
design mixed-armed metal-centered star-shaped polymers as a new class of star polymers
or block copolymers by using several types of 2,2'-bipyridyl-teateitiorganic polymer.

Experimental section
Materials and instruments

Unless otherwise noted, all materials were obtaifnech canmercial sippliers and
used without puritation. Poly(propylene glycol) monobutyl etheM (= 2,500) ()
was obtainedrom Aldrich and stored under high vacuum at 50 °C for 12 h before use.
THF was distilledfrom sodium benzophenone ketyl. Chratographic sepations were
carried out by Sephadex LH-60 (Pheacia) by using clokoform as an eluentH-NMR
spectrum was recorded at 270 MHz on a JEOL EX-270 in CB&ution with TMS as
an internal standard. GPC analysis was carried out on a Shodex K803 by using
chloroform as an eluent. UV/Vis sptra were remrded by a JASCO \530
spectrometer.
Tosylate of poly(propylene glycol) monobutyl ether (2)

To a solution made from 150 mL of THF and 1 (25 g, 10 mmol), was ackBed.i
(2.5 N inn-hexane solution) (7.4 mL, 11 mmol) at 0°C for 10 min. After stirring for 15
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min at the same temperature, 20 mL of THF solutiop-tifluenesulfonyl chloride (1.9 g,
10 mmol) was added to the resulting solution. Téection mixture was stirred overnight
at roomtemperature. The resulting solution was filtered and concentmatedcuoand
used without further puiiation. The crude produc®(27 g) was obtained.
2,2'-Bipyridyl-terminated poly(propylene glycol) (bpy-PPG) (4)

Preparation of4 was carried out according to Meyengethod [8]. In a 200 mL
round bottom flask were introduced, under nitrogatmosphere,4,4'-dmethyl2,2'-
bipyridyl (3) (1.84 g, 10 mmol) and 120 mL of THF. The hésg solution was cooled
to - 10°C and 2.0 Mithium diisopropylamide (LDA) (5 ml, 10 mmol) was addddr 15
min by a syringe. After 15 min, the flask was cooled to - 78°C and stored for 2 h. Then
80 mL of THF solution o® (27 g, 10 mmol) was added to the dark brown solution for 30
min via cannula and stored for overnight. Tleaation was quenched by a smadirtion
of methanol. The resulting solution was concentratedier reduced pressure. The
terminal 2,2'-bipyridyl group of the crude polymer was absorbed to 20 g of Amberlyst
15E (a strongacidic ion-exchange resin) in 200 mL ofethanol. Thedn-exchange resin
was washed with methanol and then treated @@ mL of a basic solution (MeOH/Jt
= 1 : 1). The redting solution was concentrateahder reduced pressure. The residue
was purified by geliftration four times to givebpy-PPG (4) (2.72 g, 10%)."H-NMR
(CDCL,): & = 0.90-1.30 RPG), 2.43) (5H, Ar-CH3 & Ar-CH2), 3.20-3.7@RG), 7.12 (2H,
bpy), 8.22 (2H, bpy), 8.52 (2H, bpy) ; UV/Vis (CH30H): 282 [bpy] (nm).

Preparation of the star-shaped polymer (5)

A mixture of 4 (165 mg, 60 pmol), Ru@BH,0 (5.22 mg, 20 pmol) and 5 ml of
ethanol was refluxed under nitrogatmosphergor 4 days. The eaction mixture was
cooled at roomtemperature and concentratadder reduced pressure. The residue was
dissolved in chloroform andltered. After purification by gel-filtraton, the star-shaped
polymer §) was obtained161 mg, 96%) as an orange-red solid. UV/Vis (@): 289,
462 [MLCT] (nm).
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