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Mitochondria-localising DNA-binding biscyclometalated
phenyltriazole iridium(III) dipyridophenazene complexes:
syntheses and cellular imaging properties
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Two new biscyclometalated complexes [Ir(ptzR)2(dppz)]+ (dppz = dipyridophenazene; ptzRH = 4-phenyl-1-benzyl-1,2,3triazole (1+) and 4-phenyl-1-propyl-1,2,3-triazole (2+)) have been prepared. The hexafluorophosphate salts of these
complexes have been fully characterized and, in one case, the X-ray structure of a nitrate salt was obtained. The DNA
binding properties of the chloride salts of the complexes were investigated, as well as their cellular uptake by A2780 and
MCF7 cell lines. Both complexes display an increase in the intensity of phosphorescence upon titration with duplex DNA,
indicating the intercalation of the dppz ligand and, given that they are monocations, the complexes exhibit appreciable
DNA binding affinity. Optical microscopy studies reveal that both complexes are taken up by live cancer cell lines displaying
cytosol based luminescence. Colocalization studies with commercial probes show high Pearson coefficients with
mitotracker dyes confirming that the new complexes specifically localize on mitochondria.
2+

Introduction
6

Phosphorescent complexes of kinetically inert d metals such
as rhenium(I), ruthenium(II) and iridium(III) have become
increasingly attractive for the development of novel
1-7
luminescent cellular imaging agents for confocal microscopy.
Luminescent complexes of this type offer several advantages
over purely organic luminophores; the ability to readily access
phosphorescent triplet states results in longer lifetimes of
emission, enabling their use in time-gated imaging applications
which removes unwanted background autofluorescence
8, 9
deriving from biological materials. Further, the structures of
the ligands in these complexes can be readily modified to; tune
the photophysical properties, augment the balance between
lipophilicity and hydrophilicity to maximize cellular uptake, and
2
can be derivatised to facilitate organelle targeting.
One the most studied examples of emissive transition
metal complexes in this area is the DNA “light switch”,

[Ru(N^N)2(dppz)]
(N^N = 2,2’-bipyridyl, phenanthroline,
10-12
Chart 1).
When this complex interacts with DNA, the
extended planar dppz ligand intercalates between base pairs
of the duplex. A consequence of this interaction is that water
molecules are excluded from hydrogen bonding with N-donor
3
sites of dppz, “switching on” the Rudppz-based MLCT
emission of the complex.
Iridium complexes have also been actively targeted for
13-17
their use in biological imaging and diagnostics,
and
developed as imaging probes for specific organelles, including
18-26
mitochondria.
Biscyclometalated iridium(III) complexes
27-33
bearing dppz-like ligands have also been investigated.
Although these systems often display lower DNA binding
II
constants compared to their dicationic Ru analogues due to
the reduced electrostatic attraction between the monocationic
complex and the anionic phosphates of the DNA polymer
backbone, the increased stability of iridium(III) complexes to
ligand-loss and the high degree of stereochemical control of
the coordination environment in these complexes offers some
significant advantages in the development of DNA-targeting
systems. Furthermore, given that cellular uptake is often
closely related to increased hydrophobicity, the lower charge
of such species may actually be advantageous for cell imaging
applications. With this in mind, we pursued the synthesis and
characterization of two new complexes, each bearing a dppz
intercalating ligand along
with phenyltriazole-based
cyclometalated ligands (Chart 1).
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Chart 1. Structures of DNA “light switch” complex *Ru(bpy)(dppz)+
(left) and the
prototypical iridium(III) intercalator complex [Ir(ptz R)2(dppz)]+ reported here
(right).

Triazole-based compounds have become popular ligand
34-36
motifs in coordination chemistry and photophysics.
Since
stereoselectivity in synthesis would place the triazole rings
trans to one another and cis to the dppz ligand, we anticipated
that the N2 atoms of these rings would point towards the DNA
upon intercalation. We reasoned that this might lead to
stabilization of a resultant DNA adduct through additional Hbonding interactions with sugar O-H or base N-H protons.
Axially positioned triazole substituents (R) could also
potentially provide additional H-bonding or -stacking
moieties. Consequently, to investigate these possibilities, our
two prototype complexes either include benzyl substituents as
potential additional intercalating groups, or simple propyl
chains where such interactions are not possible.
In this paper we present our preliminary results on the
synthesis and characterization of these complexes as well as
the investigation of their DNA binding properties and cellular
uptake, localisation and luminescence imaging studies.

Results and Discussion

Scheme 1. Synthetic route to complexes 1.PF6 and 2.PF6.

Several unsuccessful attempts were made to obtain X-ray
diffraction quality crystals of
the complexes as
hexafluorophosphate salts. However, suitable crystals were
+
obtained
for
1
as
its
nitrate
salt
Bn
[Ir(ptz )2(dppz)][NO3].2.5CH2Cl2.
from
dichloromethane
+
layered with hexane. The structure of the cation 1 is shown in
Figure 1. The complex crystallised in the space group P21/n
with two cations per unit cell. The cation adopts the expected
distorted
octahedral
geometry
for
a
heteroleptic
biscyclometalated iridium(III) complex in which the two
triazole N-donors are situated mutually trans to one another
with the aryl rings in a cis arrangement. The metal-ligand bond
lengths in the complex are unremarkable with Ir-N distances
varying from 2.000(5) to 2.145(4) Å, with those for the
cyclometalated ligand being slightly shorter than those to
dppz. The bite angles of the cyclometalating ligands are 79.3(2)
and 79.6(2)  with that for the dppz ligand being slightly
narrower at 77.23(18) .

Synthesis and characterisation.
+

+

The biscyclometalated complexes 1 and 2 were prepared
using the two-step procedure shown in Scheme 1. Iridium(III)
chloride and the corresponding 4-phenyl-1,2,3-triazole ligand
precursor were combined in ethoxyethanol/water (3:1),
heated to reflux for twelve hours, and then allowed to cool to
room temperature. The crude dimers were then reacted with
dppz in refluxing dichloromethane/methanol and the product
was
purified
by
column
chromatography
using
acetonitrile/saturated aqueous KNO3 and ultimately isolated
as their hexafluorophosphate salts.
+
+
1
Complexes 1 and 2 have been fully characterised using H
13
1
and C NMR spectroscopy, and mass spectrometry. The H
+
+
NMR spectra of 1 and 2 exhibit a single set of resonances for
the cyclometalated ligands along with five resonances for the
dppz ligand as a consequence of the C2 symmetry of the
+
complexes. The resonances for the triazole protons of 1 and
+
2 appear at  8.15 and 8.40 respectively and are deshielded
by approximately 0.5 to 0.6 ppm relative to their
phenyltriazole free ligand precursors.

Figure 1. X-ray diffraction structure of the cation of 1+ (counterion, solvent
molecules and hydrogen atoms removed for clarity. Ellipsoids at 50 %
probability). Selected bond lengths (Å) and angles (): Ir1-N1 2.023(5); Ir1-N2
2.145(4); Ir1-N3 2.137(5); Ir1-N4 2.000(5); Ir1 C1 2.049(6); Ir1 C2 2.029(6); N1Ir1-C2 79.3(2); N4-Ir1-C1 79.6(2); N3-Ir1-N2 77.23(18); N4-Ir1-N1 170.0(2); C2Ir1-N3 173.2(2); C1-Ir1-N2 173.5(2).
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Table 1. Photophysical properties of complexes as their chloride salts.

Complex
1+

2+
a

λabs / nm a
442 (1100), 385
(8500), 364 (10100),
276 (54660)
442 (1125), 385
(7200), 365 (8180),
276 (42300)

λem / nm a,b
672

675

τ / nsa,b
1 = 23 (12 %)
2 = 57 (78 %)
3 = 268 (10 %)
1 = 40 (56 %)
2 = 101 (22 %)
3 = 335 (22 %)

τ / nsa,c
1 = 43 (27 %)
2 = 92 (42 %)
3 = 1118 (31 %)
1 = 57 (9 %)
2 = 275 (14 %)
3 = 1117 (77 %)

φ / % a,b,d
0.12

φ / % a,c,d
0.21

0.08

0.43

recorded in acetonitrile. b aerated solutions at RT, c deaerated solutions at RT, d φp for [Ru(bpy)3(PF6)2] 0.018 (air).

Figure 2 UV-visible absorption spectra of 1+ and 2+ complexes as their chloride
salts in acetonitrile.

Figure 3 Emission spectra of complexes 1+ and 2+ as their chloride salts in
acetonitrile.

In order to improve aqueous solubility for subsequent
biological studies the hexafluorophosphate salts 1.PF6 and
2.PF6 were subject to anion metathesis to yield their chloride
salts 1.Cl and 2.Cl.
UV-Visible absorption spectra of both complexes as their
chloride salts were recorded in aerated acetonitrile solutions
at room temperature (Figure 2). Both complexes show intense
bands in the ultraviolet region at 280 nm attributed to spin1
allowed π-π* ligand-centred ( LC) transitions. This assignment
was made on assessment of closely related metal complexes in
37
the literature. The less intense, lower energy absorption
1
features from 300 to 420 nm are due to MLCT/LLCT chargetransfer (CT) transitions. However, these are coincident with
further absorption bands associated with the dppz ligand and
1
will thus have additional LC contributions in this region.
Absorptions of much weaker intensity between 400 and 500
nm are assigned as arising from transitions having spin3
38
forbidden MLCT character. Due to the minimal effect of the
+
triazole N1 substituents on the photophysical properties of 1
+
and 2 the absorption spectra of the two complexes are nearly
identical in the visible region.
Both complexes are emissive in acetonitrile solutions at
room temperature (Table 1 and Figure 3). In air, emission
spectra exhibit broad featureless bands indicative of a
3
3
MLCT/ LLCT state. The emission maxima for both complexes
are around 672-675 nm again showing the photophysics to be
independent of the triazole substituent. Analysis of the
luminescence lifetimes reveals three component processes
with the longest component reaching 268 and 335 ns
+
+
timescales for 1 and 2 respectively.

Preliminary emission spectra recorded for the
hexafluorophosphate salts in dichloromethane resulted in
emission maxima at 632 nm (ESI), significantly blue-shifted
relative to the acetonitrile spectra. This blue shift upon
3
increasing solvent polarity confirms the large MLCT character
for the dominant feature in these spectra.
Upon degassing acetonitrile solutions of the chloride salts
the lifetimes are elongated with the longest component being
on the order of a microsecond and the quantum yields
+
+
increase to 0.21 % and 0.43 % for 1 and 2 respectively. These
are relatively low quantum yields for emission and in some
cases incorporation of triazole donors has been observed to
lead to reduced emission intensity, possibly through increased
34-36
solvent interactions.
What is noticeable is that under
degassed conditions the emission spectra exhibit features that
indicate some structured emission underlying the broad
largely featureless band observed in air. This is suggestive of
3
additional emission with significant LC character and may
account for the multicomponent lifetime. The long lifetimes
accompanying the relatively low quantum yields in these
complexes may derive from long-lived dark states which are
non-emissive but with which the observed emissive states may
be in equilibrium. Very similar effects have been observed
I
39, 40
before in Re (dppz) complexes.
As emission from both
complexes is significantly quenched in aqueous solution,
reliable quantum yields could not be obtained.
Computational modelling of the complexes was achieved
through optimisation of the geometry of the cation using
density functional theory (DFT) calculations. As the triazole N1substituent has little effect on the photophysical properties
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the analogue of 1 and 2 bearing simple methyl substituents
was investigated. Calculations at the optimised ground state
geometry reveal that the highest occupied molecular orbital
(HOMO, Figure 4) exhibits the expected localisation at the
metal centre with additional contributions from the metalated
aryl ring -system. The lowest unoccupied molecular orbital
(LUMO) is localised on the dppz ligand in agreement with
results obtained for comparable complexes.

+

+

Figure 4. Plots of the HOMO (left) and LUMO (right) orbitals for 1 /2 from DFT
calculations.

Biological Studies
DNA Titrations.
III

The two new complexes incorporate a Ir (dppz) unit, a
moiety that is known to interact with DNA through
intercalation. Since binding to DNA often affects the optical
absorption and emission properties of such complexes the
+
+
interaction of complexes 1 and 2 with calf-thymus DNA (CTDNA) was investigated using optical spectroscopy.

are indicative of an interaction between the extended
aromatic system of the complex and stacked bases within the
duplex.
Luminescence studies. As is the case with most M(dppz)
complexes, DNA-induced changes in the emission properties of
both complexes could also be used as a spectroscopic tool for
2
studying their interactions with DNA. 1 µL incremental
+
+
addition of 16.4 µM CT-DNA to buffered solutions of 1 and 2
complexes leads to concomitant increase in emission intensity
(Figure 5B). Although these changes are not as profound as
those observed for the original DNA ‘light switch’
2+
[Ru(bpy)2(dppz)] they are similar to those that occur with
III
other Ir (dppz) systems incorporating cyclometalated ancillary
[3]
ligands , suggesting that emission is from a state with
III
3
significant Ir dppz MLCT character.
Using the DNA-induced luminescence changes estimates of
binding parameters for the interaction of the complexes with
CT-DNA were calculated using the non-cooperative McGhee
Von Hippel model for fitting non-linear Scatchard plots (Table
2). As expected from previously discussed electrostatic
considerations, the estimated affinities are notably lower than
those observed for dicationic M(dppz) systems but they are
still appreciable and are typical of those reported for other
2, 41, 42
monocationic dppz complexes
It had been hoped that
+
the introduction of the benzyl groups in 1 might provide
additional intercalative -stacking to stabilise the DNA adduct.
Unfortunately, from the data in Table 2 the binding constant
for the benzyl substituted complex is inferior to its propyl
substituted analogue; it seems the larger benzyl groups act to
+
sterically hinder DNA binding relative to 2 . However, given
that the complexes do nevertheless interact with a
representative biomolecule, their cellular uptake properties
were then investigated.
Table 2. Estimated duplex DNA binding parameters for complexes 1+ and 2+.a

K (M-1)
2.38  104
5.37  104

Complex
1+
2+

n (bp)a
2.7
9.5

a Data fitted with R2  0.95.

Cellular uptake and imaging studies

Figure 5 Examples of optical
titrations: (A) Details of changes in the UV-Visible
absorption spectrum +of 1+ on addition of duplex DNA (B) Increase in emission
intensity of complex 1 on addition of DNA. Conditions: 5 mM Tris buffer, 25 mM
NaCl pH 7.4 at 25 °C; 1 L incremental additions of a 16.4 M CT-DNA solution.
+

+

UV visible absorption studies. Both 1 and 2 show
distinctive spectral changes on addition of duplex DNA with
the UV-Visible absorption spectra of the complexes displaying
hypochromicity in their low energy bands (Figure 5A). These
changes are typically seen when a solvated complex moves
27
into the more hydrophobic environment of a DNA helix, and

Uptake experiments were performed in two common cell
lines, the breast cancer cell line MCF7 and the ovarian cancer
line A2780. When either was exposed to 50 μM solutions of
both complexes over a 24 hour period, wide field
luminescence microscopy images revealed that both
complexes displayed moderate cellular uptake. Furthermore,
whilst the complexes bind DNA in cell-free conditions the
images indicated that both complexes are largely localized in
the cytosol (Fig 6). Localization within the cytosol as opposed
to the nucleus is often due to a subtle balance of
43
hydrophobicity and lipophobicity and in this case it seems
the lipophilicity of the monocations is driving the observed
preference in accumulation.
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The microscope images of cells stained by 1 and 2 show
punctate emission from the cytosol suggesting specific
localization. To explore this issue further, intracellular tracking
experiments were performed. However before these could
begin, the spectral characteristics of both the complexes were
considered so that suitable co-staining dyes for tracking
experiments could be selected.
Figure 6 Cellular uptake of 1+ (left) and 2+ (right) in MCF7 cells following 24 hours
exposure to 50 μM solutions (Pseudo colouring has been employed in all the
images)

The cytotoxicity of the complexes, assessed through IC50
values obtained using the well-established MTT assay, are
relatively low with MCF7 cells (>200 μM); however, the
cytotoxicity towards A2780 is higher with IC50 values of 59 μM
+
+
(1 ) and 151 μM (2 ) respectively. It was noted that A2780 cells
treated with the complexes appeared to be particularly
brightly stained. Consequently more detailed studies on the
uptake and localization of the two complexes were carried out.
To accurately determine the extent of intracellular
localization, ICP-MS experiments were carried out on both
MCF7 and A2780 cells under identical conditions. Interestingly,
+
in both cell lines, 1 is taken up at higher concentrations than
+
2 ; by a factor of 3 in A2780 and a factor of 11 in MCF-7. It
+
should be noted that complex 1 contains more lipophilic
ligands which may be a factor in terms of diffusion across the
cell membrane (Figure 7). ICP-MS measurements were taken
at 1 hour and 24 hours after exposure to the complexes and
these time points show there is steady accumulation over the
24 hour time period, indicative of passive diffusion taking
place across the membrane. A comparison of the data also
shows that uptake of both complexes is significantly higher in
A2780 cells relative to MCF7 cells. These data reflect the
observed trend in IC50 figures, illustrating how cytotoxicity
effects are often, at least partly, a function of cell
internalisation.

Cell Line
A2780
MCF-7

[1+] / M (24 h)
369
163

[2+] / M (24 h)
119
14

Figure 7. ICP-MS data summarizing cellular uptake of both the complexes in
A2780 and MC7 cells

Figure
8. (A): Co-localisation studies of complex 1+ with MTG (Top) and complex
2+ with MTDR (Bottom) in A2780
cells using wide field microscopy. (B): Detailed
co-localisation data for 1+(left), MTDR (middle) and merged image (right).
Luminescence intensity vs. distance plots along the marked lines are shown at
the bottom of the figure. Pseudo colouring has been employed in all the images.

Since
lipophilic
cations
often
accumulate
in
44,
45
mitochondria,
colocalisation
with
commercial
mitochondrial probes was investigated. When excited at 470
nm, both complexes showed emission in the RFP region (570
nm to 620 nm). Therefore Mito Tracker Green, MTG, was
chosen for initial intracellular tracking experiments as this
shows emission in the GFP channel. Although MTG is also
excited at 470 nm its emission output is observed at 500 nm to
540 nm. To rule out the possibility of cross talk between
adjacent channels, experiments with Mito Tracker Deep Red,
MTDR, were also carried out. MTDR is excited at 640 nm and
emits between 660 nm and 700 nm (Cy5 region). As shown in
Figure 8, these experiments revealed a very strong correlation
between the intracellular emission localities of the complexes
with MTG and MTDR. Intensity versus distance plots as shown
in Figure 8 also confirmed a near perfect colocalisation with
mitochondria. Indeed calculated Pearson and Mander
+
+
coefficients for both 1 and 2 indicate 90% colocalisation
with MTDR (Table 3). Whilst the complex has been shown to
bind to DNA leading to luminescent enhancement it is possible
that additional luminescent enhancements might occur
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through interactions with other biomolecules including
proteins.
+

Bn

+

Table 3. Co-localisation coefficients for complexes 1 and 2 with MTDR

Compound
1+
2+

Pearson’s
Coefficient
0.903
0.885

Mander’s
M1
0.999
0.986

NWChem software, was used in obtaining the electronic
spectra and molecular orbital energy levels and plots.
Synthesis of [Ir(ptz )2(dppz)](PF6)2 (1.PF6)

Mander’s
M2
0.925
0.863

Conclusion
Two new iridium(III) complexes bearing a dppz DNAintercalating ligand along with cyclometalated phenyltriazole
ligands have been reported. The complexes exhibit a
luminescence “switch on” effect upon binding with DNA with
reasonable binding coefficients for monocationic complexes.
Cellular uptake experiments show that they localize within the
cytosol. The complexes are shown to localize at the
mitochondria with relatively high Pearson coefficients (> 0.89),
demonstrating the specificity of the probes towards
mitochondria. Given the wide range of triazole-based ligands
III
available and the tuneable photophysical properties of Ir
moieties, these new complexes open up new avenues for the
development of novel, highly functionalisable, iridium(III) DNA
imaging probes and phototherapeutics.

Experimental Section
General methods
Chemicals were purchased from Sigma-Aldrich and Acros
Organics. Iridium(III) chloride was purchased from Precious
Metal Online (Monash, Australia) and used as received. All
complexation reactions were carried out under nitrogen.
46
Dipyrido[3,2-a:2',3'-c]phenazine (dppz)
and aryl triazole
47
ligand precursors were prepared according to literature
1
13
procedures. H NMR and C NMR spectra were recorded on a
Bruker Avance 400 MHz instrument. Mass spectrometry data
were collected on a Bruker Micro Q-TOF instrument. UVVisible absorption spectra were recorded on a Varian Cary 300
spectrophotometer and corrected emission spectra were
recorded on a Horiba Fluoromax-4 spectrofluorometer.
Luminescence lifetime measurements were carried out using
an Edinburgh Instruments Mini-Tau spectrometer.
Computational methods
DFT calculations were carried out using the NWChem 6.3
48
software package , B3LYP hybrid functional (20% Hartree–
49
Fock) method has been used for calculations , Stuttgart
50
relativistic small core ECP for transition metals and 6-311G*
basis sets for all other atoms. Molecular geometries and
molecular orbitals pictures were realised using the ccp1
graphical software. For all the studied complexes, the ground
state geometries were first optimized and molecular orbital
energies determined. The COSMO solvation model, built into

1-benzyl-4-(phenyl)-1,2,3-triazole (267 mg, 1.134 mmol) was
added to a 3:1 (v/v) solution of ethoxyethanol and water (18
mL). Iridium chloride trihydrate (200 mg, 0.567 mmol) was
then added and the solution left to stir at 110°C overnight. The
solution was then allowed to cool and the crude
biscyclometalated dimer filtered under vacuum and purified by
column chromatography (2% methanol in DCM). The resulting
dimer (100 mg), together with 2 equivalents of dppz (40 mg),
was refluxed in 25 ml 1:2 (v/v) methanol/dichloromethane for
12 hours. After cooling, the solvent was removed and the
product purified by column chromatography on SiO2 with a
7:1:0.5 solution of acetonitrile, saturated aqueous potassium
nitrate and water respectively. The orange fraction was dried
under vacuum, redissolved in acetonitrile and filtered. The
solution was dried again and the solid was dissolved in
methanol and stirred with an excess of NH4PF6 for 3 hours. The
product was precipitated through addition of ether, washed
with water and again ether. (Yield 88 mg, 57%)
1
H NMR (400 MHz, CD3CN) δ: 9.29 (dd, J = 1.3, 8.2 Hz, 2H); 8.44
(dd, J = 1.4, 5.2 Hz, 2H); 8.17 (dd, J = 3.4, 6.4 Hz, 2H); 8.15 (s,
2H); 8.00 (dd, J = 3.4, 6.6 Hz, 2H); 7.74 (dd, J = 5.2, 8.2 Hz, 2H);
7.57 (dd, J = 1.0, 7.6 Hz, 2H); 7.15-7.02 (m, 12H); 6.91 (td, J =
1.4, 7.5 Hz, 2H); 6.36 (d, J = 7.1 Hz, 2H); 5.38 (d, J = 15.1 Hz,
2H); 5.34 (d, J = 15.1 Hz, 2H).
13
C NMR (400 MHz, CD3CN) δ: 157.18, 152.99, 150.15, 145.08,
142.41, 139.22, 135.91, 134.62, 134.27, 132.59, 132.41,
129.94, 129.47, 128.84, 128.58, 128.41, 127.9, 127.31, 122.98,
122.63, 120.11, 55.22
+
+
HRMS (ESI) calcd: C48H34IrN10 943.2597, found: 943.2590 (M )
Pr

Synthesis of [Ir(ptz )2(dppz)](PF6)2 (2.PF6)
The synthetic procedure was the same as that for 1.PF6, except
that 4-phenyl-1-propyl-1,2,3-triazole (212 mg) was used in
place of 1-benzyl-4-(phenyl)-1,2,3-triazole. (Yield 65 mg, 64%)
1
H NMR (400 MHz, CD3OD) δ: 9.46 (dd, J = 1.2, 8.2 Hz, 2H);
8.55 (dd, J = 1.3, 5.1 Hz, 2H); 8.40 (s, 2H); 8.17 (dd, J = 3.4, 6.5
Hz, 2H); 7.96 (dd, J = 3.4, 6.6 Hz, 2H); 7.89 (dd, J = 5.3, 8.7 Hz,
2H); 7.6 (d, J = 7.5 Hz, 2H); 7.02 (td, J = 1.0, 7.7 Hz, 2H); 6.90
(td, J = 1.2, 7.5 Hz, 2H); 6.37 (d, J = 7.4 Hz, 2H); 4.22 (t, J = 7.0
Hz, 4H); 1.80 (m, 4H); 0.77 (t, J = 7.4 Hz, 6H).
13
C NMR (400 MHz, CD3OD) δ: 155.89, 151.49, 148.89, 143.56,
141.11, 137.79, 134.5, 133.18, 130.97, 130.62, 128.68, 127.88,
126.68, 125.59, 121.21, 120.78, 118.1, 51.74, 21.59, 8.16.
+
HRMS (ESI) calcd m/z: C40H34IrN10 847.2597, found: 847.2581
+
(M )
Counter ion metathesis
Both 1.PF6 and 2.PF6 complexes, after their isolation,
underwent an anion metathesis. The corresponding solids
were stirred in methanol with Amberlite IRA-400 chloride form
ion-exchange resin (complex:resin 1:5 w/w) at room
temperature for four hours. The suspensions were filtered, the
solvent was removed under vacuum and the products
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recrystallised from acetonitrile and ether, quantitatively
yielding the salts 1.Cl and 2.Cl. Successful removal of the
hexafluorophosphate anion was confirmed by the absence of
31 1
19 1
signals in P{ H} and F{ H} NMR spectra.
DNA titration Experiments
Reagents:
Reagents used for carrying out DNA titration experiments
include CT-DNA (Aldrich), tris buffer (5 mM Tris, 25 mM NaCl)
(in-house).
UV-Visible absorption DNA titration:
UV-Visible spectra were recorded on a thermally regulated
Varian-Carey Bio-300 UV-Visible spectrometer, using quartz
cells of 10 mm path length at 25°C. Spectra were baseline
corrected using Cary Win UV software and were diluted
accordingly to give readings between 0.2 and 1.0 absorbance
units.
Method:
3 ml of buffer solution was loaded into a 10 mm path length
cuvette and allowed to equilibrate inside the spectrometer
before a baseline reading was taken. A 50 μM solution of
+
+
complex (1 or 2 ) was prepared using the buffer and the plain
buffer was replaced with this to titrate with the CT-DNA. After
equilibration the spectrum was recorded between 200-600
nm. 1 μL of a concentrated stock solution of CT-DNA (16.4
mM) was added to the cuvette and mixed vigorously with a
pipette to ensure homogeneity. The spectrum was recorded
after leaving the sample to equilibrate for 3 minutes
eliminating the air bubbles completely. This procedure was
continued until the absorbance became constant or the
increase of CT-DNA concentration only caused small changes in
the absorption spectra.
Luminescence DNA titration:
Luminescence spectra were recorded on a thermally regulated
Jobin-Yvon FluoroMax-3 spectrophotometer operating in
luminescence wavelength scan mode at 25°C, with 5 nm
excitation and emission slit widths.
Method:
3 ml of buffer was loaded into a 10 mm path length cuvette
and allowed to equilibrate inside the spectrometer before a
+
+
baseline reading was taken. A 50 μM solution (1 or 2 ) was
prepared using the buffer and the plain buffer was replaced
with this to titrate with the CT-DNA. After equilibration the
spectrum was recorded between 500-800 nm. 2.5 μL of a
concentrated stock solution of CT-DNA (16.4 mM) was added
to the cuvette and mixed vigorously with a pipette to ensure
homogeneity. The spectrum was recorded after leaving the
sample to equilibrate for 3 minutes eliminating the air bubbles
completely. The emission spectrum was recorded, showing an
increase in emission on incremental addition of CT-DNA. The
procedure was continued until saturation.
Microscopy Experiments:
Reagents:
Reagents used for the Microscopy and Tissue culture
experiments include, RPMI 1640 with L-glucose and sodium

bicarbonate (Aldrich), Phosphate Buffer Saline (PBS) (Aldrich),
foetal bovine serum (Aldrich), penicillin streptomycin (Aldrich),
4% paraformaldehyde (PFA) (Aldrich), Vectashield h-1000
(mounting agent) (Aldrich), 50 mM ammonium chloride
(Aldrich), Mito Tracker Green (Aldrich), Mito Tracker Deep Red
(Aldrich). Other items required for sample preparation include
26 mm X 76 mm Microscopy glass slides, 22 mm X 22 mm (170
± 5 µm square Cover glasses (Thor labs.)
Instrument Details:
Wide Field Fluorescence Microscopy was carried out by using a
Nikon Dual cam Wide Field Fluorescence Microscope. The
details of the Microscope include: Excitation source: SpectraX
LED excitation (395 nm, 440 nm, 470 nm, 508 nm, 561 nm, 640
nm); Emission Filter sets: Single filters for DAPI, GFP, RFP, Cy5;
Quad filter for DAPI/GFP/RFP/Cy5 with matching emission
filter wheel; Detector set: Dual Andor Zyla sCMOS, 2560 x
2160; 6.5μm pixels and inbuilt NIS software was employed for
Wide Field Deconvolution.
Method:
The Wide Field Fluorescence Microscopy involves collection of
greater quantity of light (including out of focus light) compared
to the confocal microscopy technique which involves loss of
more than 30% of light as out of focus light is discarded during
17
image acquisition as it is a pointillistic technique . The Wide
field Microscopy technique involves improvement in resolution
only after post processing the Z-stacks acquired. Processing of
acquired data was achieved by using Fiji software.
Deconvolution Wide Field Microscopy:
The Deconvolution procedure involves the processing of the
raw Wide Field images obtained from the Nikon Dual cam
Wide Field Microscope. This image processing is carried out by
using the NIS software. Deconvolution is a computationally
intensive image processing technique which helps in improving
the contrast and Axial resolution post acquisition of the images
from 400 nm to 350 nm. During the Deconvolution procedure
the raw Wide Field images are processed by removing the out
of focus blur from stack of acquired images called Z-Stack.
Cellular uptake (Single colour imaging):
+

+

+

+

The complexes 1 and 2 were excited at 470 nm and the
emission was collected between 570 nm to 620 nm (RFP
channel of Dual cam Nikon Wide Field Fluorescence
Microscope). The Wide Field imaging conditions employed for
the cellular uptake studies of the A2780 and MCF7 cells is
shown Fig. 6 and Fig. S1 and in the Supporting Information
videos (CC203-204-WF-Video-1, CC203-204-WF-Video-2 and
CC203-204-WF-Video-4). The Wide Field Microscopy
conditions maintained include: Thickness of the Z stack
(Sections 40 to 100); Section spacing (0.250 to 0.500);
Thickness of the sample (8 to 15).
Colocalisation (Multi colour imaging):
The complexes 1 and 2 was excited at 470 nm and the
emission was collected between 570 nm to 620 nm (RFP
channel), Mito Tracker Green was excited at 470 nm and the
emission was collected between 500 nm to 530 nm (GFP
channel), Mito Tracker Red Deep Red was excited at 640 nm
and collected between 650 nm to 700 nm (Cy5 channel). The
+
+
colocalisation of 1 and 2 with Mito Tracker Green and the
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colocalisation of 1 and 2 with Mito Tracker Deep Red is
+
shown in Fig. 8 and the colocalisation of 1 was shown in the
Supporting Information video CC203-204-WF-Video-3. The
colocalisation experiments were carried out using the same
microscopy conditions as mentioned above for the cellular
uptake experiments.
Tissue Culture Experiments:
+

+

Cellular Uptake studies for 1 and 2 :
A2780 or MCF7 cells were seeded on cover slips (22 mm X 22
mm, 170 ± 5 µm square cover glasses) placed in six well plates
in RPMI culture medium containing (10% FBS and 1% penicillin
streptomycin) for 24 hours at 37°C, 5% CO2. After 24 hours
when 70% confluency was achieved the cells were washed
+
with RPMI culture medium then the cells were treated with 1
+
51
or 2 (50 μM or 100 μM) for 24 hours . Cells were then
washed thrice with culture medium. After that cells were
washed again with Phosphate Buffer Saline (2X PBS). After
+
+
carrying out the live cell uptake of 1 or 2 the cells were then
fixed with 4% PFA for 15 minutes and then washed thrice with
PBS and two times with 50 mM ammonium chloride solution
and then the cover slips were mounted using mounting
medium (Vectashield h-1000).The Coverslips were then sealed
using nail varnish and the sample were then imaged by Wide
Field Fluorescence Microscopy using the Dual cam Nikon.
+
+
Colocalisation studies for 1 and 2 :
+

+

The colocalisation studies of 1 and 2 was carried out by using
Mito Tracker Green and Mito Tracker Red. A2780 cells were
seeded on cover slips (22 mm X 22 mm, 170 ± 5 µm square
Cover glasses) placed in six well plates in RPMI culture medium
containing (10% FBS and 1% penicillin streptomycin) for 24
51
hours at 37°C, 5% CO2. After 24 hours when 70% confluency
was achieved the cells were washed with RPMI culture
medium then the cells were treated with 1 μM (Mito Tracker
Green or Mito Tracker Deep Red) for 30 minutes and washed
+
with 2X RPMI culture media and then treated with 50 μM 1 or
+
2 for 24 hours. Cells were then washed thrice with culture
medium. After that cells were washed again with Phosphate
Buffer Saline (2X PBS). After carrying out the live cell uptake of
+
+
1 or 2 the cells were then fixed with 4% PFA for 15 minutes
and then washed thrice with PBS and two times with 50 mM
ammonium chloride solution and then the cover slips were
mounted using mounting medium (Vectashield h-1000). The
coverslips were then sealed using nail varnish and the sample
were then imaged by Wide Field Fluorescence Microscopy
using the Dual cam Nikon.
ICP-MS:
Cell cultures were grown on 60 mm dishes at a seeding density
5
of 5 x10 cells per dish and incubated for 24 h. Cells were then
treated with the complex (solubilised in and maintained at
10% PBS/H2O: 90% medium throughout all solutions) at the
stated concentration and incubated for 24 h. All complex
solution (or control medium) was removed, cells washed and
200 µL serum free medium added. Cells were detached by
scraping and transferred to a falcon tube, where 20 µL of each
sample was removed for cell counting. Each sample was
transferred to a glass sample tube, 1 ml concentrated HNO 3

added, heated to 60°C overnight and then diluted to 5 ml total
volume with ultrapure Milli-Q H2O before analysis of iridium
content by inductively coupled plasma mass spectrometry
(ICP-MS). Using the obtained iridium concentration, the
sample volume, number of cells per sample and the
-12
assumption of a cell volume of 2 x10 L an estimate of
-1
intracellular concentration (mol L ) could be deduced.
Cytotoxicity:
Cells were maintained in RPMI 1640 medium supplemented
-1
-1
with 10% FBS, 100 mg ml streptomycin, 100 mg ml
penicillin, and 2 mM glutamine at 37°C in a humidified
atmosphere containing 5% CO2. Experimental cultures were
4
grown on 48 well plates at a seeding density of 5 x 10 cells per
well and incubated for 24 h. The cells were then treated with
complex (solubilised in DMSO and PBS and maintained at a
final concentration of 9.99% PBS and 0.01% DMSO throughout
all solutions) of a 1 – 200 μM concentration range, in triplicate,
and incubated for 48 h. The culture media was removed and
-1
cells incubated with MTT (0.5 mg ml dissolved in PBS) for 30 –
40 min. The MTT was removed and formazan product eluted
using 120 µl/well acidified isopropanol, 100 µl of which was
transferred to a 96 well plate for the absorbance to be
quantified by spectrophotometer (540 nm, referenced at 640
nm). An average absorbance for each concentration was
calculated and cell viability was determined as a percentage of
the untreated negative control wells (0.1% DMSO:9.99%
PBS:90% medium, average of triplicate). Data were plotted in a
graph of concentration against cell viability to produce a curve
from which the IC50 value could be derived by interpolation.
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