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Introduction

Metallo-polymers containing transition metal complexes
have been extensively investigated from the synthetic view-
point."? In particular, the construction of a polymer structure
via the coordination between transition metal ions and
ligands appears promising as a simple and productive syn-
thetic method. Previously, we reported the preparation of
Ru(II)-centered star-shaped polymers by the coordination of
2,2>-bipyridyl-terminated poly(oxyethylene)® or poly(propylene
glycol)* with the ruthenium ion. This type of star polymer is
a homogeneous organic-inorganic composite on the molecu-
lar level. Metal-centered star-shaped polymers can be con-
structed by infinite combinations of both organic polymers
and transition metal complexes and have considerable potential
as electronic, magnetic and photochemical materials. It is
thus very important to extend this methodology using the
ruthenium complex to other transition metal complexes.

Osmium(IT)-polypyridine complexes™ have a strong metal-
to-ligand charge transfer (MLCT) absorption in the visible
region and show a characteristic emission in the near-infra-
red region. They are also interesting as visible light-response
photochemical devices or as photocatalysts similarly to
ruthenium(II)-polypyridine complexes.

On the other hand, star-shaped polymers® have significant
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material potential. Compared to a linear polymer, the char-
acteristic properties of these polymers derived from their
unique shape were observed in solution or in bulk from var-
ious viewpoints. For example, a high-ordered structure was
constructed from asymmetric star polymer.*®

In this paper, we report the preparation of a novel Os(II)-
centered star-shaped polymer by the coordination of 2,2’-
bipyridyl-terminated poly(oxyethylene) with the osmium
ion (Scheme I).

Experimental

Materials and Instruments. Unless otherwise noted,
all materials were obtained from commercial suppliers and
used without further purification. Poly(ethylene glycol)
monomethyl ether (M, =2,000) (1) was obtained from Ald-
rich. THF and benzene were distilled from sodium benzophe-
none ketyl. Chromatographic separations were carried out
by Sephadex LH-60 (Pharmacia) by using methanol as an
eluent. '"H-NMR spectrum was recorded at 270 MHz on a
JEOL EX-270 in CDCI; solution with TMS as an internal
standard. GPC analysis was carried out on a Shodex K803 by
using chloroform as an eluent. UV/Vis spectra were recorded
by a JASCO V-530 spectrometer.

Tosylate of Poly(ethylne glycol) Monomethyl Ether (2). To
a solution made from 150 mL of benzene and poly(ethylene
glycol) monomethyl ether (M, =2,000) (1) (20 g, 10 mmol),
was added #-BuLi (1.5 N in hexane solution) (7.4 mL, 11 mmol)
at 5 °C for 10 min. After stirring for 15 min at the same tem-
perature, 20 mL of a benzene solution of p-toluenesulfonyl
chloride (1.9 g, 10 mmol) was added to the resulting solu-
tion. The reaction mixture was stirred overnight at room
temperature. The resulting solution was filtered and concen-
trated under reduced pressure. The obtained solid was
freeze-dried with benzene and used without further purifica-
tion. The crude product (2, 22 g) was obtained.

2,2’-Bipyridyl-terminated Poly(oxyethylene) (bpy-POE)
(4). Preparation of 4 was carried out according to Meyer’s
method.” In a 200 mL round bottom flask were introduced,
under nitrogen atmosphere, 4,4’-dimethyl-2,2’-bipyridyl (3)
(1.84 g, 10 mmol) and 120 mL of THF. The resulting solu-
tion was cooled to -10°C and 2.0 M lithium diisopropylamide
(LDA) (5 mL, 10 mmol) was added for 15 min by a syringe.
After 15 min, the flask was cooled to -78 °C and stored for
2 h. Then 100 mL of THF-benzene (THF : benzene =1 : 1)
solution of 2 (20 g, 9 mmol) was added to the dark brown
solution for 45 min via a cannula and stored overnight. The
reaction was quenched by a small portion of methanol. The
resulting solution was concentrated under reduced pressure.
The terminal 2,2’-bipyridy! group of the crude polymer was
absorbed to 20 g of Amberlyst 15E (a strong acidic ion-
exchange resin) in 200 mL of methanol. The ion-exchange
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resin was washed with methanol and then treated with 300 mL
of a basic solution (MeOH/Et;N = 1 : 1). The resulting solu-
tion was concentrated under reduced pressure. The residue
was dissolved in dichloromethane and then reprecipitated in
diethyl ether. After purification by gel-filtration, bpy-POE
(4) (6.1 g, 30%) was obtained as a pale pink solid. '"H-NMR
(CDCL): §2.30 (s, 3H, Ar-CH;), 2.44 (t, 2H, Ar-CH,), 3.30-3.70
(m, POE), 7.12 (m, 2H, bpy), 8.22 (m, 2H, bpy), 8.52 (m,
2H, bpy) ; UV/Vis (CH;0H): 282 [bpy] (nm).

Preparation of the Star-Shaped Polymer (5). The star-
shaped polymer (5) was prepared according to Bard’s
method.® A mixture of 4 (264 mg, 120 zamol), OsCly3H,0 (7.0
mg, 20 zmol) and 5 mL of ethylene glycol was refluxed
under argon atmosphere for 3 days. The reaction mixture
was cooled to room temperature and concentrated in vacuo.
The residue was dissolved in chloroform and filtered. After
purification by gel-filtration four times, the star-shaped
polymer (5) was obtained (82.7 mg, 60%) as a dark green
solid. The results of GPC measurement and UV/Vis spec-
trum are shown in the text.

Results and Discussion

Preparation of Star-Shaped Polymer. 2,2’-Bipyridyl-
terminated poly(oxyethylene) (bpy-POE) (4) was prepared
from commercially available poly(ethylene glycol) mono-
methyl ether (M, = 2,000) as starting material, representing
an improvement to our previous method.” 4 was obtained by
the reaction of tosylate of poly(ethylene glycol) monome-
thyl ether (2) with a mono-anion of 4,4’-dimethyl-2,2’-bipyridyl
(3) in 30% yield. 4 was purified using a strong acidic ion-
exchange resin (Amberlist 15E) and reprecipitation. It should
be noted that the pure ligand was isolated using ion-exchange
resin, but that end-functionalization was not completely
achieved.

The star-shaped polymer (5) was prepared by coordina-
tion of bpy-POE (4) with the osmium(I1I) ion according to
Bard’s method.’ An ethylene glycol solution containing 6 equiv.
of § and 1 equiv. of OsCl; - 3H,0 was refluxed under argon
atmosphere for 4 days. After purification by gel-filtration four
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Scheme II. Preparation of star-shaped polymer.
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times, 5 was obtained in 60% yield as a dark green solid.
(Scheme II).

Characterization. The GPC trace of § is demonstrated in
Figure 1. The peak of 5§ (M, =11,800; polystyrene standards)
was unimodal and was found to be shifted to a higher
molecular weight region than that of 4 (M, = 5,200). In the
case of branched polymers such as star polymer and graft
polymer, a molecular weight (M,) based on GPC analysis may
be observed smaller than that of an accurate one. Therefore,
this result may indicate the association of 4 to form 5.

The UV/Vis spectrum of § is shown in Figure 2. This
spectrum was very similar to that of the model complex
[Os(4,4’-dimethyl-2,2’-bipyridyl)s** = Os(bpy-DM),>*]°®
(Table I). The characteristic absorption above 350 nm was
attributed to the MLCT absorption. 5 had a visible - near-
infrared absorption.

The results of the present study indicate that the desired
star-shaped polymer (5) was obtained. 5§ was well-soluble in
chloroform, benzene, methanol, DMF and water but insolu-
ble in hexane and diethyl ether. It should be noted that
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Figure 1. GPC traces of 4 and 5.
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Figure 2. UV/vis spectrum of 5.

Table L. Spectral Data of Os(IT) Complexes in Water
Abs! 600 488 455 372 335 288
£ 034 12 12 11 11 156
Abs’ 588 491 460 375 335 291

&£ 028 18 18 15 15 150
“Ref. (10). *4: Absorption (nm). 10 M cm™.

Os(4,4'-dm-bpy);*™

Os(bpy-POE)Y™
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osmium(II) complexes with no polymer chains can be dis-
solved in limited organic solvents only in low concentra-
tion. The present star-shaped polymer has a film-forming
property. From these results, the solubility and processability
of 5 were similar to'that of the corresponding poly(oxyethy-
lene) (M, =2,000). 1t is noted that we can design functional
star-shaped polymers with desirable properties by an
appropriate combination of metal ion and polymer ligand.
The stability to heating and ligand exchange reactions of the
osmium star-polymer was identical to that of ruthenium(II)
complex-centered star-shaped polymers.>* This type metal-
centered star-shaped polymer can thus be considered as a
novel photochemical device with photo- and electrochemi-
cal properties that differ from those of the ruthenium(II)
polymer complex.

Conclusions

Os(II)-Centered star-shaped polymer was prepared by the
coordination of 2,2°-bipyridyl-terminated poly(oxyethylene)
(bpy-POE) with osmium ion. The complexation of polymer
~ ligand with metal ion proceeded as efficiently as that of the
low molecular weight ligand. This methodology can easily
be extended to various combinations of transition metal ion
and polymer ligand. For example, we plan to design a star-
shaped polymer with a polynuclear Ru(II)-Os(II) bimetallic
complex'® at the center core, thus creating a new class of
photofunctional materials.
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