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Abstract

Two phosphorescent iridium(IIl) complexes conjugated to lipophilic triphenylphosphonium cation moiety,
IrMitoOlivine and IrMitoNIR, were synthesized. The complexes show high mitochondria-specificity and
relatively lower cytotoxicity. Time-lapsed confocal imaging indicates that both complexes exhibit excellent
anti-photobleaching capability under continuous laser irradiation.

Introduction

Mitochondria are primary intracellular bioenergy-producing compartments in eukaryotic cells, which involve
in numerous vital cellular processes, such as oxidative stress' and apoptosis. Larger membrane potential of ca.
180 mV (negative inside) across the mitochondrial membrane’ than other intracellular compartments results in
stronger and selective accumulation and retention of cations” inside mitochondria. In contrast to polar cations,
which require protein carriers to pass through the lipid bilayer, lipophilic cations can actively and easily
penetrate the mitochondrial membrane and accumulate inside®”, such as rosamines’ and carbocyanines®. Other
than both, lipophilic triphenylghosphonium (TPP) cation is nonfluorescent but enables delivery of wide
varieties of bioactive molecules™™’, such as antioxidant®, drugsg, and biomacromolecules'’, into mitochondria.
Radioactive isotope labeled TPP cations were reported as positron emission tomography agents in myocardial
and tumor imaging''. A lot of organic fluorescent probes linked to TPP cations were applied in mitochondria-
targeted functional cellular imaging, such as zinc ions'? and hydrogen peroxide'.

Phosphorescent cyclometalated iridium(III) complexes generally have high quantum efficiencies, large Stokes’
shifts, fine emission tunability and excellent anti-photobleachability'®, and thus attract extensive interest in
chemosensing'® and bioimaging'®. Moreover, phosphorescence properties of iridium(III) complexes depend on
their primary ligands and are able to vary to certain degree with their ancillary ligands. Combining a
phosphorescent iridium(III) complex with a lipophilic TPP cation is a facile way to build up a mitochondria-
specific phosphorescent probe'” while retainin% luminescent properties of the iridium(III) complex herein.
Such a probe was first reported by Murase ef al'*. However, the first reported TTP functionalized iridium(III)
complex probe has an acetylacetonato ancillary, which is a labile ligand and can be replaced by coordinating
solvent molecules including water under the attack of protons' . Reported in this work are two TTP
functionalized iridium(Il) complexes with a stable diimine ancillary ligand (Scheme 1). The change of
acetylacetonato into a 2,2’-bipyridine derivative leads to a change of the electronically neutral state into
electronically positive state of the iridium(IIl) phosphores. Thus, in addition to avoiding the proton induced
degradation, the positively charged phosphores may have extra advantage over the neutral one, such as better
permeability into cells, and accessibility to molecular modification. Such cationic phosphorescent iridium(III)
complexes have found use in cell imagingl4b’l6a’2°.

Results and discussion
Design and Synthesis

Two Dbiscyclometalated diimine iridium(IlI) complexes, the yellowish green emitting bis(2-
phenylbenzothiazolato) (4-methyl-4’-carboxypropyl-2,2’-bipyridine) iridium(III) ([Ir(bt)z]z(bpy-COOH))21 and
the near infrared (NIR) emitting bis(6-(benzothien-2-yl)phenanthridinato) (4-methyl-4’-carboxypropyl-2,2’-
bipyridyl) iridium(III) ([Ir(btphen),]»(bpy-COOH))** complexes are chosen as phosphorescent moieties, whose
luminescent emission bands are distinct from those of commercially available MitoTracker” Red FM and
Green FM, respectively. The two TPP functionalized probes, IrMitoOlivine and IrMitoNIR were synthesized
by conjugating carboxy terminals of the corresponding iridium(IIl) complex and TPP cation with 1,6-
hexamethylene-diamine linker (Scheme 1), and characterized with high-resolution TOF-MS and 'H/">C NMR.
Long linkage was employed to minimize the interplay of the phosphorescent emitter and TPP cation.
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Absorption and Emission Spectroscopy

The absorption and emission spectra of IrMitoOlivine and IrMitoNIR in CH;CN are presented in Fig. 1, and
the photophysical data are summarized in Table 1. As designed, IrMitoOlivine and IrMitoNIR exhibit
yellowish green (A, 527, 563 nm) and NIR (A, 708 nm) phosphorescence with quantum yield @, = 0.487
and 0.032 in Ny-saturated CH;CN. Their *MLCT (metal-to-ligand charge transfer) absorption band locates in
the range of 390-500 nm and 450-600 nm, respectively. In aqueous PBS buffer (Fig. S1), the wavelengths of
the absorption bands and emission peaks remained unchanged, but the quantum yields became smaller (0.039
and 0.013 for IrMitoOlivine and IrMitoNIR, respectively). In comparison with organic dyes, phosphorescent
IrMitoOlivine and IrMitoNIR display complete separation of the emission bands from their SMLCT
absorption regions, which brings advantage in pairing excitation light source and emission detection in a
practical application. Though their emission intensities are sensitive to oxygen concentration (@, 0.035 and
0.012 in air-saturated CH;CN, respectively), phosphorescent IrMito dyes are still appropriate in most situations
of biological research.

Lipophilicity and Cytotoxicity

The lipophilicity (logD) of [Ir(bt),].(bpy-COOH), [Ir(btphen),],(bpy-COOH), IrMitoOlivine and IrMitoNIR
was determined in the n-octanol/PBS (pH 7.4) system. And the cytotoxicity of IrMitoOlivine and IrMitoNIR
was evaluated using MTT assay in Hela cells. As expected, compared with [Ir(bt),](bpy-COOH) and
[Ir(btphen),],(bpy-COOH), which have a hydrophilic carboxy terminus, introduction of the lipophilic TPP
cation increases the lipophilicity and thus the cytotoxicity of delivered molecules’. IrMitoOlivine and
IrMitoNIR showed relatively medium ICsq (IrMitoOlivine 38.7+0.5 uM, IrMitoNIR 43.04+0.3 uM) (Figure 2,
Table 2). Therefore, we chose 20 uM of IrMito dyes in the following cell imaging.

Intracellular localization

To demonstrate IrMitoOlivine and IrMitoNIR specifically localizing in mitochondria, we performed co-
localization imaging experiments using IrMito and MitoTracker” dyes to co-label HeLa cells. As given in Fig.
2, the observation showed confocal images of IrMitoOlivine (upper FITC channel) and IrMitoNIR (lower
Cy5 channel) overlaid nearly completely with that of MitoTracker” Red FM (upper Cy5 channel) and Green
FM (lower FITC channel), respectively, indicating both IrMito dyes targeted selectively mitochondria rather
than other intracellular compartments or cytoplasm. In comparison, [Ir(bt),]»(bpy-COOH) and
[Ir(btphen),],(bpy-COOH) (20 uM, 5% DMSO) were used to stain the HeLa cells through a similar procedure
for 2 h (Fig. S2). The result revealed, without the TPP moiety, [Ir(bt),].(bpy-COOH) and [Ir(btphen),](bpy-
COOH) were still able to permeate into the cell but showed well-distributed in the cytoplasm, even though
more concentrated around and little located in the the nucleus.

Anti-photobleaching

The photostability of IrMitoOlivine and IrMitoNIR compared with organic dyes under continuous laser
irradiation was determined using time-lapsed imaging of IrMito and MitoTracker” co-stained HeLa cells.
Time-lapsed imaging proceeded for 100 s with 20 s interval. As shown in Fig. 3, phosphorescent intensity of
IrMito dyes (Fig. 3¢ FITC and 3d Cy5 channels) remained almost constant (see IrMitoOlivine.avi and
IrMitoNIR.avi in ESIt), while the fluorescence of MitoTracker” decreased significantly (MitoTrackerRed.avi
and MitoTrackerGreen.avi in ESIt), especially for MitoTracker” Red FM. For quantitative analysis, a
photobleaching factor was defined as the following:

. I -1;,
Photobleaching Factor = ——
(. IB,O
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Ii, I, lo, Ipo are fluorescence intensity at the time t and the time of starting the measurements, respectively;
the subscript B denotes background fluorescence intensity. Three cell-inclusive and a background regions were
randomly chosen to quantify their fluorescent intensity with Nikon NIS-Elements AR software. Quantitative
anti-photobleaching analysis indicated statistical emission intensity of IrMitoOlivine and IrMitoNIR
remained a high stabilitg with a small fluctuation less than 5%; however, fluorescent intensity of the
commercial MitoTracker™ Red FM and Green FM diminished obviously, up to 50% and 16%, respectively, at
the end of the measurements. The result told mitochondria-targetable phosphorescent dyes were potentially
promising in long-time quantitative imaging in living cells for their excellent anti-photobleaching capability
even under continuous exposure to laser.

Experimental section

General Information.

1,6-Hexylenediamine, 6-bromocaproic acid and di-tert-butyl dicarbonate (Boc,O) were purchased from
Aladdin, triphenylphosphine and n-octanol from Sinopharm, DCC and MTT from Sigma-Aldrich, and HOBt
from GL Biochem. MitoTracker® Red FM and MitoTracker® Green FM were recieved from Life
Technologies. 4-(4’-Methyl-2,2’-bipyridin-4-yl)butyric acid (MBBA), [Ir(bt),]>(1-Cl), and [Ir(btphen),],(p-
Cl), were synthesized with the method discribed in the literatures (ESIT). Other chemicals and solvents were
commercially available in analytical grade and used directly except otherwise specified.

Human cervical carcinoma HeLa cells were recieved from Institute of Biochemistry and Cell Biology, SIBS,
CAS. DMEM (Dulbecco’s modified Eagle medium), FBS (fetal bovine serum) and penicillin/streptomycin
were purchased from Sigma-Aldrich.

GC-MS was determined on Agilent 7890A GC system equipped with 5975C inert triple-axel MS detector.
ESI-TOF-MS was measured on Agilent 1200/6200 TOF-MS system. 'H and C NMR spectra were acquired
from Varian 400 MHz NMR spectrometer. Elements analysis (C, N, H) was performed on Vario EL III
Element Analyzer (Alementar). UV-Visible absorption and emission spectra were measured on a Lamda 25
UV/Vis spectrometer (PerkinElmer) and F4600 fluorescence spectrophotometer (Hitachi), respectively.

6-Carboxypentamethylenetriphenylphosphonium bromide (TPPCSH10COOH). TPPC5SH10COOH was
synthesized in reference to Manning et a/>. A mixture of triphenylphosphine (7.42 g, 28.3 mmol) and 6-
bromocaproic acid (5.01 g, 25.7 mmol) in xylene (35 ml) was placed in a 100 ml round-bottomed flask
equipped with a water-cooled condenser. The solution was heated to reflux for 4 hours with vigorous stirring
until the solution turned turbid and separated into two phases. When the temperature of solution was down to
40-50 °C, diethyl ether (30 ml) was added slowly with vigorous stirring to give off-white microcrystals, which
were collected by vacuum filtration. The product was washed with diethyl ether twice and then dried in vacuo
to afford a white solid (6.28 g, yield 50.5 %). ESI-TOF-MS: m/z ([M-Br]") calcd 377.1670, found 377.1654.
'H NMR (400 MHz, CDCL;) & 7.88-7.62 (m, 15H), 3.56 (s, 2H), 2.45-2.27 (m, 2H), 1.64 (s, 6H). *C NMR
(101 MHz, CDCl;) 6 176.0, 135.1, 132.0 (dd, J = 297.3, 11.2 Hz), 117.9 (d, J = 86.0 Hz), 34.0, 29.4 (d, ] =
16.1 Hz), 23.9,22.3 (d, ] = 51.1 Hz), 21.9; °'P NMR (162 MHz, CDCl3) & 23.9.

tert-Butyl 6-aminohexylcarbamate (HDABoc). HDABoc was synthesized according to Dardonville er al**.
To CH,CI, solution of 1,6-hexylenediamine (20.06 g, 172.6 mmol) was added dropwise di-tert-butyl
dicarbonate (7.6 g, 34.8 mmol) dissolved in CH,Cl,. After 20 h of stirring at room temperature, the mixture
was filtered. The filtrate was concentrated and re-dissolved in ethyl acetate, washed with water. Removal of
solvent gave a milky liquid (5.36 g, yield 71.2 %). GC-MS: m/z ([M-Bu'T") caled 159.11, found 159.1. 'H
NMR (400 MHz, CDCl;): 8 4.66 (s, 1H), 3.10 (d, J = 6.3 Hz, 2H), 2.68 (t, J = 6.9 Hz, 2H), 1.44 (s, 9H), 1.52-
1.22 (m, 10H).

[Insert Running title of <72 characters]

Page 4 of 16



Page 5 of 16

I T S e e g
OO NAN NP WN—ROOUINDNPWN —

NN NN
W= O

[\
N

Dalton Transactions

[First Authors Last Name] Page 5

[Ir(bt),](bpy-COOH) and [Ir(btphen),],(bpy-COOH). [Ir(bt),],(bpy-COOH) and [Ir(btphen);]»(bpy-
COOH) were synthesized in a similar way. [Ir(bt),],(bpy-COOH): a mixture of [Ir(bt),],(n-Cl), (950 mg, 0.77
mmol)and MBBA (421 mg, 1.64 mmol) was refluxed at 80 °C in CH,Cl,/CH;OH mixed solvent until the
solution turned transparent (ca. 2 h). After evaporating off solvents, the product was separated by silica gel
column chromatography (gradient elution with CH,Cl,/CH3;0H) to afford orange crystal (1.23 g, yield 89.2%).
ESI-TOF-MS: m/z ([M-CI]") caled 869.1596, found 869.1595. 'H NMR (400 MHz, CDCls) & 9.32 (s, 1H),
9.01 (s, 1H), 7.90-7.75 (m, 5H), 7.40-7.31 (m, 3H), 7.27 (d, J = 7.4 Hz, 2H), 7.21 (d, J = 5.7 Hz, 1H), 7.14-
7.02 (m, 3H), 6.89-6.81 (m, 2H), 6.38 (dd, J = 7.6, 3.1 Hz, 2H), 6.32-6.27 (m, 1H), 6.25 (d, J = 8.4 Hz, 1H),
2.97 (dt, J = 21.7, 6.9 Hz, 2H), 2.75-2.59 (m, 5H), 2.22 (dd, J = 13.0, 6.6 Hz, 2H); °C NMR (101 MHz,
CDCl;) 6 181.0, 180.8, 175.0, 156.6, 156.4 155.9, 152.8, 150.7, 149.9, 149.4, 149.2, 149.1, 140.2, 140.1,
133.4, 133.3, 132.1, 132.0, 131.3, 131.0, 128.8, 128.7, 128.3, 128.2, 126.7, 126.6, 126.5, 126.1, 125.9, 125.8,
123.5,123.3,123.1, 123.0, 117.9, 117.7, 34.6, 34.3, 25.5, 21.4. Element analysis (C4;H3,N40,S,ClIr, %): caled
C 54.44, H 3.57, N 6.09; found C 54.20, H 3.65, N 6.07. [Ir(btphen),],(bpy-COOH): [Ir(btphen),],(u-Cl),
(867 mg, 0.51 mmol) and MBBA (264 mg, 1.03 mmol) were dissolved in CH,Cl,/CH30H solution, and
refluxed to turn transparent. After filtration and removal of solvents, the residue was separated similar to
[Ir(bt),],(bpy-COOH) to afford dark red crystal (925mg, yield 82.1%). ESI-TOF-MS: m/z ([M-CI]") calcd
1069.2222, found 1069.2227. '"H NMR (400 MHz, cdcl3) & 9.39 (s, 2H), 8.61 (s, 2H), 8.46 (s, 1H), 8.28 (s,
5H), 8.03-7.81 (m, 6H), 7.18 (dt, J = 44.0, 12.8 Hz, 10H), 6.71 (dd, J = 23.8, 14.8 Hz, 6H), 2.65 (s, 2H), 2.39
(s, 5H), 1.87 (s, 2H); °C NMR (101 MHz, CDCLy) & 175.2, 167.9, 167.8, 159.5, 159.2, 156.3, 155.1, 155.0,
152.8, 145.6, 145.5, 143.7, 143.6, 143.5, 138.6, 138.4, 133.7, 133.6, 133.3, 128.9, 128.7, 128.4, 128.1, 127.9,
127.8, 127.7, 127.3, 127.0, 126.9, 126.7, 125.6, 125.4, 124.8, 124.7, 124.1, 124.0, 122.9, 122.8, 122.8, 122.7,
122.7, 122.6, 122.1, 122.0, 34.1, 34.0, 25.5, 21.1.Element analysis (Cs7H4oN40,S2CllIr, %): caled C 61.97, H
3.65,N 5.07; found C 61.76, H 3.70, N 5.05.

[Ir(bt),],(bpy-Boc) and [Ir(btphen),],(bpy-Boc). [Ir(bt),].(bpy-Boc) and [Ir(btphen),],(bpy-Boc) were
synthesized similarly. [Ir(bt),]>(bpy-Boc): a mixture of [Ir(bt),],(bpy-COOH) (361 mg, 0.40 mmol), HDABoc
(130 mg, 0.60 mmol), DCC (203 mg, 0.98 mmol) and HOBt (65 mg, 0.48 mmol) was stirred in 10 ml of
anhydrous DMF at room temperature under N, protection overnight. After freezing, filtration and removal of
the solvent, the residual solid was separated prudently by silica gel column chromatography
(CH,Cl,/C,H;OH=20:1) to afford yellow powder (382 mg, yield 86.6%). ESI-TOF-MS: m/z ([M-CI]") calcd
1067.3328, found 1067.3298. "H NMR (400 MHz, CDCl;) & 8.52 (d, J = 7.2 Hz, 2H), 7.87 (ddd, J = 10.1, 9.6,
5.6 Hz, 4H), 7.79 (ddd, J = 7.7, 4.4, 0.8 Hz, 2H), 7.39-7.30 (m, 3H), 7.28-7.23 (m, 1H), 7.14 (td, J = 8.4, 1.0
Hz, 2H), 7.09-7.03 (m, 2H), 6.85 (dd, J = 10.8, 4.2 Hz, 2H), 6.37 (d, J = 7.7 Hz, 2H), 6.20 (d, J = 8.4 Hz, 1H),
6.13 (d, J = 8.4 Hz, 1H), 3.11 (dd, J = 12.7, 6.7 Hz, 2H), 3.04 (t, J = 6.8 Hz, 2H), 2.89 (t, ] = 7.7 Hz, 2H), 2.62
(s, 3H), 2.38 (t, J = 7.5 Hz, 2H), 2.12-2.01 (m, 2H), 1.43 (s, 13H), 1.23 (s, 4H). [Ir(btphen),],(bpy-Boc): the
mixture of [Ir(btphen),],(bpy-COOH) (113 mg, 0.102 mmol), HDABoc (49.8 mg, 0.230 mmol), DCC (71.4
mg, 0.346 mmol) and HOBt (15.4 mg, 0.116 mmol) was dissolved in super-dry DMF (5 ml) and reacted at 0
°C for 24 h. The purification procedure was similar to [Ir(bt),].(bpy-Boc). Dark red powder (112 mg, yield
84.3%). ESI-TOF-MS: m/z ([M-C1]+) caled 1267.3954, found 1267.3967. '"H NMR (400 MHz, CDCl;) § 9.44-
9.35 (m, 2H), 8.78 (s, 1H), 8.64-8.56 (m, 2H), 8.27 (dd, J = 11.6, 5.7 Hz, 4H), 8.04-7.91 (m, 5H), 7.87 (d, J =
7.7 Hz, 2H), 7.71 (dd, J = 24.8, 8.4 Hz, 1H), 7.35-7.12 (m, 5H), 7.07 (dd, J = 22.3, 5.7 Hz, 2H), 6.81-6.60 (m,
6H), 3.00 (d, J = 6.2 Hz, 2H), 2.64 (s, 2H), 2.39 (d, ] = 4.3 Hz, 3H), 2.23 (d, ] = 7.1 Hz, 2H), 1.89 (s, 2H),
1.55-1.06 (m, 19H).

IrMitoOlivine and IrMitoNIR. IrMitoOlivine and IrMitoNIR were synthesized with a similar method.
IrMitoOlivine: after de-protection of [Ir(bt),]»(bpy-Boc) (253 mg, 0.229 mmol), the residue was stirred with
TPPC5SH10COOH (158 mg, 0.346 mmol), DCC (119 mg, 0.577 mmol) and HOBt (38.2 mg, 0.282 mmol) in
anhydrous DMF (7.5 ml) at room temperature for 24 h. Then 30 ml of saturated NH4PF¢ aqueous solution was
added to precipitate the product. The filter-out was was then separated by silica gel column chromatography
(gradient elution with CH,Cl,/CH;OH). Yellow crystal, 268 mg, yield 72.4%. ESI-TOF-MS: m/z (IM-2PF¢]*")
caled 663.2185, found 663.2157. "H NMR (400 MHz, CDCl;) & 8.47 (d, J = 3.9 Hz, 1H), 8.42 (d, ] = 2.0 Hz,
1H), 7.91 (dt, J = 14.1, 7.5 Hz, 4H), 7.83-7.73 (m, SH), 7.73-7.61 (m, 15H), 7.57-7.52 (m, 1H), 7.50-7.43 (m,
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1H), 7.38-7.28 (m, 4H), 7.18-7.09 (m, 2H), 7.08-6.99 (m, 2H), 6.87-6.78 (m, 2H), 6.38 (dd, J = 9.8, 2.3 Hz,
2H), 6.26-6.18 (m, 1H), 6.12 (dd, J = 15.0, 8.4 Hz, 1H), 3.29 (dd, J = 14.0, 7.1 Hz, 2H), 3.08 (ddd, J = 22.8,
19.7, 9.9 Hz, 6H), 2.91 (d, J = 34.4 Hz, 2H), 2.58 (d, J = 3.1 Hz, 3H), 2.39 (t, J = 7.4 Hz, 1H), 2.28 (t, ] = 7.2
Hz, 3H), 2.13 (dd, J = 14.3, 7.3 Hz, 2H), 2.01 (dd, J = 13.8, 6.7 Hz, 2H), 1.64 (s, 10H); °C NMR (101 MHz,
CDCly) o 181.1, 177.3, 174.6, 173.9, 173.6, 173.2, 156.6, 156.4, 156.2, 156.1, 156.0, 155.9, 152.7, 150.4,
150.2, 149.8, 149.1, 149.0, 140.1, 139.0, 135.2, 133.3, 133.2, 132.0, 131.9, 131.8, 131.3, 130.6, 130.5, 128.8,
128.7, 128.5, 128.2, 127.4, 126.7, 126.6, 126.0, 123.6, 123.1, 118.2, 117.3, 116.2, 111.6, 77.6, 77.5, 77.3, 77.0,
53.7,42.5, 40.6, 39.5, 38.6, 35.7, 33.4, 33.0, 32.3, 29.5, 29.3, 28.6, 26.6, 26.0, 25.2,24.7, 24.5, 23.8, 22.1, 22.0
21.6,21.2,14.1, 12.8; 3P NMR (162 MHz, CDCl;) 6 23.2. Element analysis (C;;H;0F ,N¢O,P3S,Ir, %): calcd
C 5275, H 436, N 5.20; found C 52.63, H 4.42, N 5.08. IrMitoNIR: a mixture of de-protected
[Ir(btphen),],(bpy-Boc) (65.2 mg, 54.2 umol), TPPC5H10COOH (37.8 mg, 82.9 umol), DCC (25 mg, 121
pmol) and HOBt (9.25 mg, 68.5 umol) was stirred in super-dry DMF (3 ml) under inert gas protection at 0 °C
for 24 h. After precipitation in saturated NH4PF4 solution (30 ml), the solid was then separated by silica gel
column chromatography (gradient elution with CH,Cl,/CH;OH) to afford red crystal (61.2 mg, yield 62.1%).
ESI-TOF-MS: m/z ([M-2PF¢]*") caled 763.2498, found 763.2516. '"H NMR (400 MHz, CDCl3) & 9.43-9.36 (m,
2H), 8.66-8.56 (m, 2H), 8.41-8.26 (m, 4H), 8.03-7.94 (m, 4H), 7.92 (s, 1H), 7.89-7.83 (m, 3H), 7.78 (dd, J =
10.2, 4.5 Hz, 3H), 7.73-7.59 (m, 13H), 7.32-7.27 (m, 2H), 7.15 (dddd, J = 14.5, 11.2, 9.5, 4.1 Hz, 5H), 6.72
(dd, J =13.6, 7.8 Hz, 4H), 6.65 (dd, J = 11.3, 4.0 Hz, 2H), 3.31-2.99 (m, 8H), 2.66-2.54 (m, 2H), 2.33 (s, SH),
2.23 (s, 4H), 1.76 (d, J = 27.9 Hz, 2H), 1.72-1.53 (m, 10H); *C NMR (101 MHz, CDCl;) & 177.7, 176.9,
173.7, 173.0, 172.1, 167.9, 165.8, 163.1, 159.2, 159.1, 154.9, 154.8, 152.7, 146.3, 145.6, 143.6, 139.5, 138.6,
138.5, 135.2, 133.3, 133.2, 131.9, 131.8, 130.6, 130.5, 128.8, 128.6, 128.4, 127.9, 127.0, 126.7, 125.4, 124.9,
124.7, 124.0, 122.8, 122.6, 122.1, 118.2, 117.3, 116.6, 111.4, 53.6, 42.5, 40.6, 38.6, 34.9, 33.5, 32.3, 29.7,
29.6, 29.5, 29.4, 29.3, 26.0, 24.5, 24.3, 23.8, 22.2, 22.1, 22.0, 21.8, 21.7, 21.6, 14.1, 12.9, 53.6, 42.5, 40.6,
38.6, 34.9, 33.5, 32.3, 29.7, 29.6, 29.5, 29.4, 29.3, 26.0, 24.5, 24.3, 23.8, 22.2, 22.1, 22.0, 21.8, 21.7, 21.6,
14.1,12.9; 3P NMR (162 MHz, CDCl;) 6 23.3. Element analysis (Cg;H75F1,NO,P3S,1r, %): caled C 57.51, H
4.33, N 4.63; found C 57.34, H 4.18, N 4.58.

Absorption and Emission Spectroscopy

The absorption and emission spectra were recorded in CH;CN (UPLC grade, Acros) and DMSO/PBS (2
vol.%) at room temperature. Quantum yields of IrMitoOlivine and IrMitoNIR were determined in N,- and
air-saturated CH;CN and DMSO/PBS (2 vol.%) with Ru(bpy)32+ in aerated CH;CN as a reference
(#=0.062"), and calculated with the following equation:

2
(D — (D x Isam % Aref x nsam
sam ref I A 2
ref sam nref

where, @, I, A, n are quantum yield, integral emission intensity, absorbance and refractive index of the
solvents in which the sample or reference dissovlved, respectively.

Lipophilicity

The lipophilicity of IrMitoOlivine and IrMitoNIR was determined in the n-octanol/PBS (pH 7.4) system
using the conventional flask-shaking method, which was expressed as logD for ionized compounds. PBS and
n-octanol were mixed vigorously for 24 h and then the mixture stood still for another 24 h to saturate each
other. The excessive analyte was dissolved in n-octanol (saturated with PBS) phase for 24 h to obtain a
saturated solution, whose concentration was donated as C,. The saturated n-octanol solution was mixed then
with equal volume of PBS (saturated with n-octanol) and shaken in an oscillator for 24 h. After partition, the
concentration in n-octanol phase was donated as C,’. The lipophilicity logD was calculated with the following
equation: logD=log[C,’/(C,-C,’)]. The concentration was measured with fluorescent spectrophotometry
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(ItMitoOlivine: ex 411 nm, em 526; IrMitoNIR, ex 504 nm, em 708 nm ). The data were determined in
triplicate parallely and expressed as mean + standard deviation.

MTT Assay

MTT assay of IrMitoOlivine and IrMitoNIR in HeLa cells was carried out to detect their cytotoxicity. HeLa
cells (ca. 1x10" cells/well) in the exponential phase were seed into 96-well plate (Corning) and incubated in
DMEM supplemented with 10% FBS containing 1% penicillin/streptomycin for 24 h before treatment.
IrMitoOlivine or IrMitoNIR in DMSO (100-3.13 pM) were mixed into 1 mL fresh DMEM/FBS and added
into each well and incubated for another 24 h at 37°C under 5% CO, environment. Furthermore, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) in PBS buffer (5 mg/ml) was added and the cells grew
for more 4 h. After removal of MTT solution, 150 pl of DMSO was added to each well and incubated in 37 °C
for 15 min. The OD490 value of each sample was measured with a Victor X4 microplate reader (Perkin-
Elmer). The assay was performed three times independently and in triplicate parallelly each time. ICs, values
were calculated in SPSS 18 and presented as mean + standard deviation.

Cell Staining

HeLa cells were plated on 35 mm cell culture dish (Corning) at density of 1-2x10* cells/dish. After incubation
for 24 at 37°C under 5% CO,, cells were co-stained with IrMitoOlivine (20 pM)/MitoTracker” Red FM (200
nM) or IrMitoNIR (20 pM)/MitoTracker” Green RM (100 nM) in 1 ml DMEM/FBS medium for 30 min,
respectively. After replacement with fresh medium, the cells was imaged with a Nikon A1R confocal laser
scanning microscope for intracellular localization of IrMito dyes. Moreover, for in vivo anti-photobleaching
assay of IrMito dyes, time-lapsed cell images were collected continuously with 20 s intervals for 100 s.
Fluorescence intensities of three stochastically chosen cell-inclusive regions were acquired with NIS-Elements
AR software (Nikon), and calculated their photobleaching factors. The data were presented as mean + standard
deviation.

Conclusion

In conclusion, two phosphorescent iridium(Il) complexes conjugated with the lipophilic
triphenylphosphonium cation, IrMitoOlivine and IrMitoNIR, were rationally designed and synthesized. Both
complexes demonstrated their specificity to mitochondria. Quantitative photobleaching analysis revealed their
excellent anti-photobleaching capability in continuous living cell imaging. In particular, we demonstrated a
facile method of combining intracellular compartmental specificity with chemically stable phosphorescent
iridium(I1I) complex reporter, making such phosphorescent metal complexes promising for building up more
organelle-targeted probes.
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Legends

Scheme 1 Synthesis of IrMitoOlivine and IrMitoNIR. i) MBBA, CH,Cl,/CH3;0H (50 vol.%), 80 °C, 2-4 h;
i) HDABoc; DCC/HOBt/DMF, r.t., 24 h; iii)) TFA/CH,Cl, (20 vol.%), r.t, 2 h; iv) TPPC5SH10COOH,
DCC/HOBt/DMF, r.t., 24 h; NH,4PF..

Fig. 1 Absorption (dash dot) and emission (solid: N,-saturated; dot: air-saturated) spectra of IrMitoOlivine
and IrMitoNIR in CH3;CN. The right top inset gives normalized emission spectra. Ex: IrMitoOlivine, 411
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nm; IrMitoNIR, 504 nm. The photograph insets show the appearance of IrMitoOlivine and IrMitoNIR under
natural (left top) and under UV (right bottom) light, respectively.

Fig. 2 Cytotoxicity (ICsg) of IrMitoOlivine and IrMitoNIR in HeLa cells.

Fig. 3 Cell imaging of IrMitoOlivine and IrMitoNIR showed co-localization of MitoTracker” and IrMito
dyes in HeLa Cells. Channel: FITC, Ex 488 nm, Em 500-530 nm; Cy5, Ex 561 nm, Em 662-737 nm. Scalar
bar: 20 mm.

Fig. 4 Anti-photobleaching observation of IrMitoOlivine and IrMitoNIR in HeLa cells. (a) (b) Quantitative
photobleaching results showed IrMitoOlivine and IrMitoNIR possessed robust emission intensity under
continuous light irradiation. The data were represented as mean + standard deviation. (c¢) (d) Time-lapsed
confocal imaging of IrMitoOlivine/MitoTracker” Red FM or IrMitoNIR/MitoTracker” Green FM co-stained
HeLa cells. Blue and red ROIs represented three stochastically chosen cell-inclusive regions and the
background region, respectively. Time interval: 20 s. Scalar bar: 20 mm.

Tables

Table 1 Photophysical data of IrMitoOlivine and IrMitoNIR

Compound  A,ps/nm (.*;/103 I\ °cm'1) Aem/NM diemb
a 309 (33.8), 322 (31.4), 381 0.487¢
IrMitoOlivine CHLCN (7.10, sh), 411 (6.88) 327, 563 0.035¢

311 (32.3), 324 (29.7), 381

(7.86, sh), 414 (7.16) 526,563 0.039
a 334 (23.7),370(19.5), 394 708 0'032:

(17.5, sh), 503 (5.83) 0.012

336 (23.0), 373 (18.8), 396

(16.6, sh), 509 (9.02) 706 0.013
* Absorption and emission spectra were recorded in CH;CN; ° (%uantum yields (@.y,) were determined using
Ru(bpy)s”" (®en=0.062) as reference. ¢ In N,-saturated CH;CN; ¢ in air-saturated CH;CN. ¢ Absorption and
emission spectra were recorded in DMSO/PBS (2 vol.%).

PBS®

CH;CN
IrMitoNIR

PBS*

Table 2. Cytotoxicity and lipophilicity of IrMitoOlivine and IrMitoNIR

Compound 1Cs/pM LogD*
[r(bt)]o(bpy-COOH)  53.6£0.6  1.03+0.03
IrMitoOlivine 38.7+0.5 1.38+0.05

[Ir(btphen),],(bpy-COOH)  48.3+0.5 1.27+0.05
IrMitoNIR 43.0+0.3 1.52+0.04

* logD=log[C,’/(C,-C,’)], where Co and Co’ represented molar concentration of the analyte in n-octanol phase
(saturated with PBS) before and after partition.
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Fig. 1 Absorption (dash dot) and emission (solid: N2-saturated; dot: air-saturated) spectra of IrMitoOlivine
and IrMitoNIR in CH3CN. The right top inset gives normalized emission spectra. Ex: IrMitoOlivine, 411 nm;
IrMitoNIR, 504 nm. The photograph insets show the appearance of IrMitoOlivine and IrMitoNIR under
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Fig. 3 Cell imaging of IrMitoOlivine and IrMitoNIR showed co-localization of MitoTracker® and IrMito dyes in
HelLa Cells. Channel: FITC, Ex 488 nm, Em 500-530 nm; Cy5, Ex 561 nm, Em 662-737 nm. Scalar bar: 20
mm.
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Fig. 4 Anti-photobleaching observation of IrMitoOlivine and IrMitoNIR in HelLa cells. (a) (b) Quantitative
photobleaching results showed IrMitoOlivine and IrMitoNIR possessed robust emission intensity under
continuous light irradiation. The data were represented as mean + standard deviation. (c) (d) Time-lapsed
confocal imaging of IrMitoOlivine/MitoTracker® Red FM or IrMitoNIR/MitoTracker® Green FM co-stained
Hela cells. Blue and red ROIs represented three stochastically chosen cell-inclusive regions and the
background region, respectively. Time interval: 20 s. Scalar bar: 20 mm.
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Two phosphorescent iridium(III) complexes conjugated to lipophilic triphenylphosphonium cation showed high
mitochondria-specificity and excellent anti-photobleachability under continuous laser irradiation.
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