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Abstract

A series of luminescent cyclometalated iridium(lll) dipyridoquinoxaline
complexes [Ir(N*C)2(N*N)](PFes) (HNAC = Hppz, Hbzqg, Hpg; N*N = dpq and
dpga) has been synthesized and characterized. The X-ray crystal structure
of [Ir(pq)2(dpq)](PFe) has been determined. Cyclic voltammetric studies
revealed a reversible or quasi-reversible iridium(IV/1ll) oxidation couple at ca.
+1.13 to +1.32 V and a reversible diimine reduction couple at ca. —1.10
to —1.29 V vs. SCE. Upon photoexcitation, all the complexes displayed
intense and long-lived green to orange triplet metal-to-ligand charge-transfer
(MLCT) (dn(Ir) —> =n*(dpq or dpga)) emission in aprotic organic solvents at
room temperature and in low-temperature glass. In aqueous solution, these
complexes were only weakly emissive or even non-emissive. The
lipophilicity of all the complexes has been determined by reversed-phase
HPLC. The cytotoxicity of these iridium(lll) complexes towards the human
cervix epithelioid carcinoma (HelLa) and the Madin-Darby canine kidney
(MDCK) cell lines has been evaluated by the
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT) assay.
The cellular uptake of the complexes by MDCK cells has been examined by
laser-scanning confocal microscopy. Most importantly, apparent nucleolar
staining was observed after the cells were treated by the complexes.
Additionally, the interactions of these complexes with proteins, DNA, and
RNA have been studied by emission titrations and SDS-PAGE gel staining.
The results revealed that the complexes bound to the hydrophobic pockets of

proteins, intercalated into the base-pairs of double-stranded DNA, but did not



appear to interact with RNA.

Luminescent dendritic cyclometalated iridium(lll) polypyridine complexes
[{Ir(NAC)2}n(bpy-n)](PFs), (NAC = Hppy, Hpq; n = 8, 4, 3) have been designed
and synthesized. The properties of these dendrimers have been compared
to those of their monomeric counterparts [Ir(N*C).(bpy-1)](PFs) (N*C = Hppy,
Hpqg). Cyclic voltammetric studies revealed that the iridium(IV/Ill) oxidation
and bpy-based reduction occurred at ca. +1.24 to +1.29 V and -1.21 to —1.27
V vs. SCE, respectively, for all the complexes. The molar absorptivity of the
dendritic iridium(lll) complexes is approximately proportional to the number of
[Ir(NAC)2(NAN)] moieties in one complex molecule. However, the emission
lifetimes and quantum yields are relatively independent on the number of
[Ir(NAC)2(NAN)] units, suggesting negligible electronic communications
between these units. Upon photoexcitation, the complexes displayed
*MLCT (dn(Ir) — n*(bpy-n)) emission. The interaction of these complexes
with plasmid DNA has been investigated by agarose gel retardation assays.
The results showed that the dendritic iridium(lll) complexes, unlike their
monomeric counterparts, bound to the plasmid and the interaction is
electrostatic in nature. The lipophilicity of all the complexes has been
determined by reversed-phase HPLC. Additionally, the cellular uptake of the
complexes has been examined by ICP-MS, laser-scanning confocal
microscopy, and flow cytometry. Upon internalization, all the complexes
were localized in the perinuclear region, forming very sharp luminescent rings
surrounding the nuclei. Interestingly, in addition to these rings, HelLa cells
treated with the dendritic iridium(lll) complexes showed specific labeled

compartments, which have been identified to be the Golgi apparatus.



Furthermore, the cytotoxicity of these iridium(lll) complexes towards the HelLa

cell line has been evaluated by the MTT assay.

Three luminescent cyclometalated iridium(lll) bis-biotin complexes
[Ir(ppy-C6-Biotin)z(bpy)I(PFs), [Ir(ppy)2(bpy-C2-Biotin,)](PFs), and
[Ir(ppy)2(bpy-C2-C6-Biotin,)](PFe) and one tris-biotin complex
[Ir(ppy-C6-Biotin),(bpy-C6-Biotin)](PFs) have been synthesized and
characterized. The biotin-free complex [Ir(ppy)2(bpy-C4)](PFs) has also
been prepared for comparison studies. Cyclic voltammetric studies revealed
iridium(IV/111) oxidations at ca. +1.21 to +1.29 V and diimine-based reductions
at ca. -1.07 to —1.39 V vs. SCE. Upon photoexcitation, all the complexes
displayed intense and long-lived orange-yellow to red *MLCT (dn(Ir) —
n*(N*N)) emission in fluid solutions at room temperature and in
low-temperature glass. The interactions of the bis-biotin and tris-biotin
complexes with avidin have been studied by
4’-hydroxyazobenzene-2-carboxylic acid (HABA) assays, emission titrations,
and dissociation assays. The possibility of these complexes as crosslinkers
for avidin has been examined by microscopy studies using avidin-conjugated
green flurorescent microspheres and size-exclusion HPLC analysis.
Utilization of these Iluminescent iridium(lll) biotin complexes in signal
amplification has been demonstrated using avidin-coated nonfluorescent
microspheres. Additionally, the lipophilicity of all the complexes has been
determined by reversed-phase HPLC. The cytotoxicity of these iridium(lIl)
complexes towards the Hela cell line has been evaluated by the MTT assay.
Furthermore, the cellular uptake of the complexes has been examined by

ICP-MS, laser-scanning confocal microscopy, and flow cytometry.



A novel dual-emissive cyclometalated iridium(lll) polypyridine complex
[Ir(ppy-C4)2(bpy-et)](PFs) has been synthesized and characterized. Upon
irradiation, this complex exhibited intense and long-lived luminescence in fluid
solutions at 298 K and alcohol glass at 77 K. Interestingly, it showed dual
emission in fluid solutions at room temperature, with a high-energy (HE)
structured band at ca. 500 nm (1, = 1.1 — 2.5 us) and a low-energy (LE) broad
band/shoulder at ca. 593 — 619 nm (1, = 0.1 — 0.3 us). The HE and LE
features have been assigned to °IL (x — =n*) (bpy-et) and triplet
charge-transfer *CT (dn(Ir)/amine/n(ppy-C4) — n*(bpy-et)) excited states,
respectively. Biotin, estradiol, and an aliphatic C18 chain have been
incorporated into the bipyridine ligand of the complex to afford novel
luminescent biological probes for avidin, estrogen receptor o, and human
serum albumin, respectively. The resulting complexes showed similar
dual-emissive properties. Upon binding to their corresponding specific
receptors, all these dual-emitting complexes showed a significant change in
their emission profile and spectral characteristics. Complexes,
[Ir(ppy-C4)2(N~AN)](PFs) (NN = Mey-bpy, phen, Mes-phen, Phy-phen) with
common diimine ligands have been prepared to investigate the dual emissive
properties. By introducing a phenyl ring to the cyclometalating ligand,
another series of cyclometalated iridium(lll) polypyridine complexes
[Ir(pppy-C4)2(NAN)](PFs) (N*N = Mez-bpy, phen, Mes-phen, Pho-phen, bpy-et,
bpy-C6-biotin) has been designed, synthesized, and characterized. Their
electrochemical and photophysical properties have been studied and
compared to their amine-free counterparts [Ir(pppy)2(NAN)](PFs) (NAN =
Mezx-bpy, phen, Mey-phen, Phy-phen, bpy-et, bpy-C6-biotin). The

cytotoxicity of all the complexes has been examined by the MTT assay.
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