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Summary

The metal-centered star-shaped polymer was prepared by coordinatipn(18-
butanedionyl)-terminated poly(oxyethylene) witin(ld) ion. The structure was confirmed
by GPC analysis and IR spectra. The resulting polymer complex was well-soluble i
various organic solvents and water.

Introduction

Star-shaped polymer, a kind of branched polymer having more than three linee
polymeric arms attached to the center core, has been extensively investigated in a fe
decades [1-10]. Comparing to a linear polymer, the characteristic properties of thes
polymers derived from their unique shape were observed in solution or in bulk from variou
viewpoints.

Recently, we reported the preparation of metal-centered star-shaped polymers |
coordination of 2,2’-bipyridyl- [11] or pyridyl-terminated [12] poly(oxyethylene) with
Ru(ll) ion. Metal-centered star-shaped polymers can be constructed by infinite
combinations of both inorganic (metal complex center core) and organic (polymer branche
moieties and have considerable potentials such as electronic, magnetic, photochemi
properties. They are also expected to be developed for film-formation and polymer blend
Therefore, they are distinguished from a low molecular weight metal complex from a lot o
viewpoints. However, only few attempts have been made at metal-centered star-shap
polymers except for combinations between two or three kinds of transition metals and N
donor ligands [11-13]. It is very important to extend their scope toward other chelate
chemistry.

Metal3-diketone complexes have fruitful potentials in a wide region of chemistry. A
large number of transition metgldiketone complexes were synthesized [14] and their
application for analytical chemistry, Lewis acid catalysts [15] and oxidation catalysts [16]
They also exhibit interesting photochemical behavior [17]. Particularly, Biris(
diketonato)chromium(lll) are very stable for acid and ligand exchaegetion. Many
studies on electrophilic substitution at methine proton of their complex were reported [18
Various substituted met@-diketone complexes [18-20] and the coordination polymers [21]
were prepared by using this principle. This electronic substitution may be derived fron
their “aromatic character” in the chelate ring [18].

In this paper, we report the preparation of a novel metal-centered star-shaped polym
by coordination of ap-diketone-terminated organic polymer with chromium(lll) ion.
(Scheme 1)
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Scheme 1

Results and discussion

p-(1,3-Butanedionyl)phenyl-terminated poly(oxyethylenel) (was prepared from
commercially available poly(oxyethylene) monomethyl ethér & 2,000) according to
Scheme 2. p-Acethylphenyl-terminated poly(oxyethylene) 2)( was obtained by
Williamson ether synthesis of tosyl polyx{ethylene) monomethyl ether)( and p-
hydroxyacetophenone. Afté&r was reacted with ethyl acetate, the product was isolated by
reprecipitation from dichloromethane solution into diethyl ether. Although the isolated
product @ contained 34 % oR determined from'H-NMR analysis, we use@ without
further purification for preparation of a star-shaped polymer.

A star-shaped polyme#) was prepared by coordination 8fwith chromium(lll) ion.
A water-ethanol solution containing an excess amour with CrClL+6H,0 in the presence
of urea was stirred under reflux cdtidn for 3 days. After the solvent was removed
under reduced pressure, the residue was dissolved in dichloromethane. ilédtatidn,
the resulting solution was poured into diethyl ether, and a solid was obtained. This soli
was dissolved in water-ethanol solution and the separatidnfroim the remaine@ and 3
was carried out by Advantec Ultrafilter USY-1 (molecular cut-dff,000). The brown
color product 4) was obtained in 48% yieldS¢heme 2
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The GPC measurement fer is demonstrated irkig 1. The unimodel peak o#i
was found to be shifted to a high molecular weight region than that of the starting
prepolvmer B).

Star-Shaped Polymer; 4 w/\
p-(1,3-Butanedionyl)phenyl- /\

terminated poly(oxyethylene); 3

Poly(oxyethylene)
M, = 5,000

Fig. 1 Elution Volume (ml)

The IR spectrum o8 showed strong absorption at 1602 ctlue to a mixture of C=0
and C=C vibrations. As a model complex, tris(1-phenyl-1,3-butanedionato) chr@iijum
shows the metal coordinated C=0O vibration band at 1545 and 151J26h The star-
shaped polymer4) showed absorption at 1543 and 1507'dimt are assigned to metal
coordinated C=0O vibrations. This result indicated a formation of ptris(
diketonato)chromium(lll) ind. The peak of4 in GPC was shifted to a higher molecular
weight region than that of poly(oxyethyleneM ( = 5,000). This observation also
supported a formation of trid{diketonato)chromium(lll).

4 was well-soluble in chloroform, benzene, methanol, THF, and water, but insoluble
in hexane and diethyl ether. The solubility ofvas similar to that of polpkyethylene).

It is noted that low molecular weight mefa&diketone complexes are usually soluble in
distinct organic solvents and insoluble in water.

The present star-shaped polymer showed film-forming properties, and is expected
a novel photochemical device. Various types of star-shaped polymers can be prepared
coordination of3 with different transition metals. The research in this direction is in
progress in our laboratory.

Experimental section

Materials and instruments

Unless otherwise noted, all materials were obtained from commercial suppliers an
used without purification. Preparation of tosyl poly (oxyethylene) monomethyl ether (
was described in the literature [11]. Benzene was distilled from sodiunofiestzone
ketyl. Acetone was distilled from potassium dlamate. '"H-NMR spectra were
recorded at 270 MHz on a JEOL EX-270 in CD&blution with tetramethylsilane as an
internal standard. GPC analysis was carried out on a Shodex K803 by using chlorofor
as an eluent. IR spectra were recorded by a Perkin-Elmer 1600 FT-IR spectrometer.

p-Acetylphenyl-terminated poly (oxyethylene) (2)

1 (8.6 g, 4 mmol) was dissolved in a solution made from each 100 mL of acetone an
benzene, potassium dicarbonate (2.7 g, 20 mmol), paimgbroxyacetophenone (5.4 g, 50
mmol). The resulting mixture was refluxed for 36 h. After cooling at room temperature,
the reaction mixture was filtered and concentrateder reduced pressure. The residue
was dissolved in dichloromethane and reprecipitated in diethyl ether repeatedly to pemove
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hydroxyacetophenone. The obtained solid was dried under vacuum and used witho
further purification. The crude produg, (7.2 g, 84%) was obtained.

p-(1,3-Butanedionyl)phenyl-terminated poly(oxyethylene) (3)

A mixture of sodium hydride (60% in an oil dispersion) (500 mg, 12 mmol) and 50
mL of dry benzene was stirred vigorously under nitrogen atmosphere. ZTtigng, 2.4
mmol) and ethyl acetate (2.1 g, 24 mmol) in 50 mL of benzene were added to this solutic
slowly. The resulting mixture was refluxed for 3 days. After cooling at room
temperature, the reaction mixture was filtered and concentratddr reduced pressure.
The residue was dissolved in dichloromethane, and reprecipitated in diethyl ether repeated
The solid was dried under vacuum and used without further purification. The mixt@re of
and 3 (4.2 g) was obtained. FrodH-NMR analysis, the degree of acylation was found
to be 66%.'H-NMR (selected data foB) (CDCL): & = 2.17 (s, CH 3H), 3.55-3.91 (m,
CH,, poly(oxyethylene)), 6.11 (s, 1H, enol form), 6.94 Jd= 8.8, 2H, Ar), 7.86 (dJ =
8.9, 2H, Ar); IR (KBr): 1602 (\.), 2878 (\,, (cm?).

Preparation of the star-shaped polymer (4)
A mixture of CrCI3«6H0 (10.4 mg, 0.039 mmol), the starting prepolym8&y (500
mg, 0.23 mmol oB) and 20 mL each of water and ethanol in the presence of urea (250 mg
was refluxed for 3 days. After the reaction mixture was cooled and concentrated undk
reduced pressure, the polymer part was extracted with 200 mL of chloroform. Removal ¢
solvent under reduced pressure afforded a residue which was dissolved in 30 % of ethan
and filtered by Advantec Ultrafilter USY-1. The residue was extracted with ethanol,
concentrated, and dried under high vacuum. The star-shaped pol#jnerag obtained
(121 mg, 48%). IR (KBr): 1507 (V,), 1543 (\..j), 1598 (V.. ...) 2879 (\.,) (cm’).
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