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Polymer Ru(II) complexes, which are formed through a non-covalent chelating interaction
between Ru(Il) and polymer ligands, have properties of both Ru(Il) and polymer, thus af-
fording significant applications in the fields, such as supported catalysts, solar cells, sensors,
luminescent films, and organic light-emitting diodes. In addition, the facile and convenient
chelating interaction affords possibilities for designing well-controlled macromolecular ar-
chitectures such as miktoarm star polymer which are difficultly prepared by living/controlled

polymerizations. For the synthesis of polymer Ru(Il) complex, two main methods are uti-.

lized. One is the divergent approach, and the other is the convergent approach. Generally,
the divergent approach depends on the compatibility between metal complex and reaction
environment, i.e., the presence of the metal complex in the reaction mixture sometimes ad-
versely affects the polymerization reaction. On the contrary, the convergent approach is of
great superiority because the chelating reaction is the final step for the formation of polymer
Ru(II) complexes, leading to the superiority that the different polymer ligands can be sep-
arately prepared. In order to explore the scope of synthetic approaches of polymer Ru(Il)
complexes, the author focuses on the convergent click-to-chelate approach which involves
click reaction and chelating processes toward the synthesis of homo multi-arm and mik-
toarm star polymer Ru(ll) complexes in this thesis. Specifically, the azido-functionalized
polymers are first synthesized by controlled/living polymerization methods, such as atom
transfer radical polymerization (ATRP) and ring-opening polymerization (ROP). Then, these
azido-functionalized polymers are reacted with ethynylpyridines, such as 2-ethynylpyridine
or 2,6-diethynylpyridine, to prepare 2-(1H-1,2,3-triazol-4-yl)pyridine (tapy)- and 2,6-bis(1H-
1,2,3-triazol-4-yl)pyridine (bitapy)- functionalized polymer ligands, respectively. At last, the
obtained tapy- and bitapy-functionalized polymer ligands are chelated with Ru(II) to produce
the desired star polymer Ru(IT) complexes.

This thesis takes an insight into the synthesis of star polymer Ru(II) complexes by click-
to-chelate approach and is consisted of five chapters.

Chapter 1 describes the general introduction of this study.

Chapter 2 describes click-to-chelate approach to install a tapy or a bitapy end group to
polystyrene (PS) and to complex tapy- and bitapy-functionalized PSs with Ru(II) to form
3- and 4-arm star PS Ru(Il) complexes, [Ru(PS-tapy)s;](PFs), and [Ru(PS-bitapy),](PFs),.
Azido-functionalized polystyrene (PS-N3) was first prepared by ATRP of styrene using 1-
bromoethylbenzene as an initiator followed by substitution of the end bromine by an azido
group. The Cu(l)-catalyzed azide-alkyne 1,3-dipolar cycloaddition (CuAAC) of PS-Nj with
" 2-ethynylpyridine or 2,6-diethynylpyridine was afforded a 2-(1-polystyrene-1,2,3-triazol-4-
yl)pyridine (PS-tapy) or a 2,6-bis(1-polystyrene-1,2,3-triazol-4-yl)pyridine (PS,-bitapy) lig-
and, respectively. The complexes between Ru(II) and PS-tapy/PS,-bitapy were obtained in
an one-pot method: complexation of PS-tapy or PS,-bitapy with RuCl; in DMF. After the
resultant crude star PS Ru(Il) complexes were purified by preparative size exclution chro-
matography (SEC), they were characterized by SEC and UV-vis spectroscopy. The shift of
the SEC traces to higher molecular-weight region indicated the successful formation of 3- and
4-arm star PS Ru(Il) complexes. The core structures of these complexes were confirmed by
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UV-vis spectroscopy and X-ray crystallography of the model Ru(II) complexes [Ru(benzyl-
tapy);](PFs); and [Ru(benzyl-bitapy);](PFs),, which bear a benzyl group instead of a PS
chain. As the result, the novel synthetic method of star polymer Ru(II) complexes estab-
lished using click-to-chelate approach.

Chapter 3 describes the click-to-chelate approach to synthesize tapy- or bitapy-
functionalized linear and star poly(styrene oxide)s (PSO-tapy, PSO,-tapy, PSO;-tapy,
PSO;-bitapy, (PSO;,);-bitapy, PSO,-bitapy-PSO;, and (PSOs),-bitapy) and to complex
them with Ru(II)(DMSQ)4Cl, to form multi-arm star PSO Ru(Il) complexes with 3- to
12-arm numbers. In order to synthésized these multi-arm star PSO Ru(II) complexes, the
azido-functionalized 2- and 3-arm PSO (PSO,-N3 and PSO;-N3) were first prepared by
ring-opening polymerizations of styrene oxide using mono- and polyhydroxyl-containing
initiators. Then, tapy- or bitapy-functionalized PSOs (PSO-N3, PSO,-N3, and PSO;-N3).
At last, the 3- to 12-arm star PSO Ru(Il) complexes were obtained by complexation of
the polymer ligands with a Ru(Il)(DMSO)4Cl, precursor through a stepwise chelating
approach under relatively mild conditions, i.e., Ru(DMSQ)4Cl, was first complex with a
functionalized polymer ligand to produce a Ru(Il) mono-complex, and then the obtained
Ru(II) mono-complex was isolated and further chelated with another functionalized polymer
ligand to form multi-arm star PSO Ru(Il) complexes with 3- to 12-arm numbers. Hence, the
click-to-chelate approach including stepwise chelating reactions was proven to be a powerful
method for the synthesis of multi-arm star polymer Ru(IT) complexes.

Chapter 4 describes the synthesis of ABC-, (AB);-, and ABCD-type miktoarm star copoly-
mer Ru(IT) complexes by the stepwise chelating procedures mentioned in Chapter 3, which
involved the first-step chelating reaction of a Ru(I(DMSO)4Cl, with a tapy- or bitapy-
functionalzied ligand to produce an isolable polymer Ru(Il) mono-complex, and the second-
step chelating reaction of the polymer Ru(Il) mono-complex with another tapy- or bitapy-
functionalized polymer ligand to afford the miktoarm copolymer Ru(Il) complexes. The
tapy- or bitapy-functionalized polymer ligands are conveniently prepared by the click reac-
tion of ethynylpyridines with well-difined azido-terminated polymers, azido-functionalized
poly(n-butyl acrylate) (PBA-N3), PSO (PSO-N3), PS (PS-N3) and poly(caprolactone) (PCL-
N3), which were prepared by a combination of living/controlled polymerization procedures
and end-substitution reactions. In conclusion, the click-to-chelate approach for the synthesis
of miktoarm star polymer Ru(II) complexes was also established.

Chapter 5 describes the conclusion of this study. The synthesis of star polymer Ru(Il)
complexes were achieved through a convenient click-to-chelate method. This thesis afford
major achievements in: 1) the versatility in the preparation of tapy-and bitapy-functionalized
polymer ligands by the combination of living/controlled polymerizations and click chemistry
and 2) the simple non-covalent construction of star macromolecular architectures including
multi-arm and miktoarm shapes whose arm number or composition was changeable by al-
tering the used ligands. The click-to-chelate approach is expected to refresh the concept in
synthetic procedures for star polymers.

- 276 -



FAN R LEEDEE
* wE KM B X
Bl woE OH O —

B R OEEX ¥
I kOB B X
R FER B (R IERE RERETERER)

&l
2l

&l

ol

FNw XA

Synthesis of Star Polymer Ru(II) Complexes by Click-to-
Chelate Approach
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BEMEITFR—DODELD SED TN L ERE L TED., BERESTL
KB U THS REBREMEL MEIITOATERTH S, £, B FROBDEEY
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T (tapy, bitapy) %43 5KV AF L (PS-tapy, PS,-bitapy) TH . Ru(l) & DFL— b
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