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Experimental Details

Materials and characterizations

All of the reagents and solvents for synthesis were purchased from Alfa Aesar and used as is
unless otherwise stated. Spectrophotometric grade solvents purchased from VWR International
were used for spectroscopic studies. Silica gels (230-400 mesh) used for chromatography were
purchased from Sorbent Technology. Synthesis of the ligands and complexes followed the
published procedures for the same or similar compounds,'-? and the synthetic route was shown in
Scheme 1 in the main text. The intermediate compounds were characterized by 'H NMR
spectroscopy, while the ligands were characterized by 'H NMR, and elemental analyses and the
Ir(IIT) complexes were characterized by 'H NMR, HRMS, and elemental analyses.

"H NMR spectra were obtained on a Varian Oxford-500 VNMR spectrometer using CDCl; as
the solvent, with tetramethylsilane as internal standard. ESI-HRMS analyses were performed on
a Bruker BioTOF III mass spectrometer or a Waters Synapt G2-Si high resolution mass
spectrometer. Elemental analyses were carried out by NuMega Resonance Laboratories, Inc. in
San Diego, California.

1,10-phenanthroline-5,6-dione (pdo). Sulfuric acid (20 mL) was stirred in a flask then cooled
with ice-water bath. A mixture of 1,10-phenanthroline (1.0 g, 5.5 mmol) and NaBr (5.7 g, 55
mmol) was slowly added in several small portions. HNO3 (10 mL) was then introduced into the
solution. The mixture was kept in ice-water bath for 10 min and an oil-water separator was
connected to the flask. The mixture was heated to 90 °C for 2 h. After cooling, the crude product
was poured onto ice, then neutralized with NaHCO; to pH = 6-7. The suspension was extracted
using CH,Cl,. The organic layer was concentrated and then recrystallized with 95% ethanol.
Yellow needles were obtained as the product (1.17 g, 100%). 'H NMR (CDCl;, 400 MHz) 69.13
(dd, J=4.7, 1.9 Hz, 2H), 8.51 (dd, J="7.9, 1.9 Hz, 2H), 7.59 (dd, /= 7.9, 4.7 Hz, 2H).

General synthetic procedure for pyrazine derivatives. Diketone (dpo, or benzyl, 1 eq) and
diimine (ethane-1,2-diamine, benzene-1,2-diamine, or naphthalene-2,3-diamine, 1 eq) were
added to absolute ethanol (30 mL). The mixture was refluxed under nitrogen for 12 h. After
concentrating, the mixture was directly recrystallized with ethanol to get the product.

dpq. Dpq (150 mg, 0.71 mmol) and 1,2-diaminoethane (47 mg, 0.78 mmol) in absolute ethanol
(20 mL) gave product as yellow crystals (77 mg, 46%). 'H NMR (CDCl;, 500 MHz) §9.52 (dd,
J=28.1, 1.9 Hz, 2H), 9.31 (dd, J = 4.4, 1.8 Hz, 2H), 9.00 (s, 2H), 7.81 (dd, J = 8.2, 4.4 Hz, 2H);
elemental analysis caled (%) for C4HgN, " 0.15H,0: C, 71.57; H, 3.56; N, 23.85; found: C,
71.94; H, 3.95; N, 23.66.

dppz. dpq (105 mg, 0.5 mmol) and 1,2-diaminobenzene (59 mg, 0.55 mmol) in absolute ethanol
(20 mL) gave product as yellow solid (130 mg, 92%). '"H NMR (CDCls, 500 MHz) 69.68 (dd, J
=8.1, 1.8 Hz, 2H), 9.29 (dd, /= 4.4, 1.8 Hz, 2H), 8.39 (dd, J = 6.5, 3.4 Hz, 2H), 7.94 (dd, J= 6.5,
3.4 Hz, 2H), 7.81 (dd, J = 8.1, 4.5 Hz, 2H); elemental analysis calcd (%) for C;gH;(N4 " 0.5H,0:
C,74.21; H, 3.81; N, 19.23; found: C, 74.55; H, 4.20; N, 19.43.
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dppn. dpq (200 mg, 0.95 mmol) and 2,3-diaminonaphthalene (166.1 mg, 1.05 mmol) in absolute
ethanol gave product as orange solid (222 mg, 71%). '"H NMR (CDCls, 500 MHz) 69.68 (dd, J =
8.0, 1.8 Hz, 2H), 9.27 (dd, J = 4.6, 1.8 Hz, 2H), 8.99 (s, 2H), 8.23 (dd, J = 6.5, 3.3 Hz, 2H), 7.81
(dd, J = 8.1, 4.4 Hz, 2H), 7.64 (dd, J = 6.6, 3.2 Hz, 2H); elemental analysis calcd (%) for
CpHpN, 0.1 " C;Hy6 " 1.3 H,0: C, 74.53; H, 4.46; N, 15.32; found: C, 74.26; H, 4.33; N, 15.26.

dpgx. Benzil (580 mg, 2.77 mmol) and benzene-1,2-diamine (300 mg, 2.77 mmol) gave product
as white solid (740 mg, 95%). 'H NMR (CDCls, 500 MHz) 6 8.19 (dd, J= 6.4, 3.3 Hz, 2H), 7.78
(dd, J=6.4, 3.3 Hz, 2H), 7.55-7.49 (m, 3H), 7.40-7.31 (m, 6H); elemental analysis calcd (%) for
CyoH14Ny: C, 85.08; H, 5.00; N, 9.92; found: C, 84.71; H, 5.39; N, 10.32.

dpbq. Benzil (0.5 g, 2.38 mmol) and naphthalene-2,3-diamine (377 mg, 2.38 mmol) gave
product as white solid (637 mg, 81%). 'H NMR (CDCls, 500 MHz) 6 8.75 (s, 2H), 8.16-8.10 (m,
2H), 7.61-7.54 (m, 6H), 7.43-7.32 (m, 6H); elemental analysis calcd (%) for C,4H¢N»: C, 86.72;
H, 4.85; N, 8.43; found: C, 86.35; H, 5.21; N, 8.64.

dpp. Instead of getting the desired ligand dpp, the reaction of benzil (0.8 g, 3.8 mmol) and
ethane-1,2-diamine (228 mg, 3.8 mmol) gave an intermediate product, 5,6-diphenyl-2,3-
dihydropyrazine as a yellow solid (815 mg, 92%) via column purification (silica gel,
hexanes/CH,Cl, = 5/1, v/v). '"H NMR (CDCl3, 500 MHz) 6 7.40 (d, J = 8.3 Hz, 4H), 7.33-7.29
(m, 2H), 7.24 (d, J = 8.0 Hz, 4H), 3.70 (s, 4H).

This intermediate was dissolved in PEG-600 with catalytic amount of ~-BuOK. Then the mixture
was bubbled with air and heated to 120 °C for 3 d. After cooling to r.t, water was added to the
reaction mixture to precipitate out the crude product. Pure dpp was obtained after
recrystallization in 95% ethanol as yellow powder (720 mg, 89%). '"H NMR (CDCl;, 500 MHz)
08.61 (s,2H), 7.48-7.43 (m, 4H), 7.36-7.28 (m, 6H).

General synthetic procedure for Ir(IIl) dimers. The cyclometalating ligands (piq, dpp, dpq, or
dpbq; 2 eq) and IrCl;xH,0O (1 eq) were added to a mixture of 2-ethoxyethanol and water (3:1,
v/v). The mixture was purged with nitrogen and heated to reflux for 24 h. The mixture was
cooled to r.t. and poured into water (100 mL). The precipitate was filtered then washed with
hexanes to obtain red to dark red solid.

[Ir(piq):].CL. Reaction of piq (200 mg, 0.971 mmol) and IrCl;xH,0 (190 mg, 0.485 mmol) in a
mixture of 2-ethoxyethanol (15 mL) and water (4 mL) gave red powders as the product (209 mg,
29%). '"H NMR (CDCls, 500 MHz) §9.04 (d, J = 6.4 Hz, 4H), 8.97 (d, J = 8.5 Hz, 2H), 8.12 (d,
J=8.0 Hz, 4H), 7.89-7.79 (m, 10H), 7.76 (ddd, J = 8.4, 6.4, 2.0 Hz, 4H), 6.81 (ddd, /= 8.1, 7.1,
1.3 Hz, 4H), 6.55 (d, J= 6.4 Hz, 4H), 6.50 (t,J= 7.4 Hz, 2H), 6.03 (dd, /= 7.9, 1.0 Hz, 6H).

[Ir(dpp):].CL,. Reaction of dpp (105 mg, 454 mmol) and IrCl;xH,0 (80 mg, 227 mmol) in a
mixture of 2-ethoxyethanol (18 mL) and water (6 mL) gave yellow powders as the crude product
(126 mg, 80%). This dimer could not be purified due to poor solubility. It was used directly for
the next step reaction.



[Ir(dpgx),],Cl,. Reaction of dpq (100 mg, 0.354 mmol) and IrCl;xH,0 (62.4 mg, 0.177 mmol)
in a mixture of 2-ethoxyethanol (15 mL) and water (5 mL) gave dark red solid as the product
(120 mg, 86%). 'H NMR (CDCl;, 500 MHz) 6 8.42 (d, J = 8.7 Hz, 4H), 8.07 (d, J = 53.1 Hz,
8H), 7.81-7.56 (m, 16H), 7.28 (t, J = 7.5 Hz, 4H), 6.87 (d, J = 8.1 Hz, 4H), 6.70 (t, /= 7.8 Hz,
4H), 6.44 (t, J=7.5 Hz, 4H), 6.17 (t, J= 7.4 Hz, 4H), 5.66 (d, /= 7.7 Hz, 4H).

[Ir(dpbq).],Cl,. Reaction of dpbq (180 mg, 0.54 mmol) and IrCl;xH,0 (95 mg, 0.27 mmol) in a
mixture of 2-ethoxyethanol (15 mL) and water (5 mL) gave dark red solid as the product (130
mg, 54%). '"H NMR (CDCls, 500 MHz) 6 8.92 (s, 4H), 8.26 (d, /= 7.5 Hz, 4H), 7.98 (d, /= 8.3
Hz, 4H), 7.94 (d, J = 6.4 Hz, 4H), 7.86 (s, 4H), 7.78-7.62 (m, 12H), 7.35 (d, J = 7.4 Hz, 4H),
7.31 (d, J = 8.9 Hz, 4H), 7.06 (d, J = 8.3 Hz, 4H), 6.37 (q, J = 8.1 Hz, 8H), 5.98 (t, /= 7.5 Hz,
4H), 5.57 (d, J= 7.9 Hz, 4H).

General synthetic procedure for Ir(III) complexes 1-6. The Ir(IIl) dimer (1 eq), diimine ligand
(2 eq), and AgSO;CF; (2.5 eq) were added to 2-ethoxyethanol or a mixture of dichloromethane
and methanol (v/v = 2/1). It was purged with nitrogen and heated to reflux for 16 h. The mixture
was cooled to r.t. and NH4PF¢ (20 eq) was added. After stirring for 1 h at r.t., solvent was
removed and the crude product was purified via column chromatography (silica gel,
CH,Cly/ethyl acetate = 50-100/1, v/v). The product was further purified by recrystallization in
CH,Cl, and hexanes.

Complex 1. Reaction of [Ir(piq),],Cl, (100 mg, 0.079 mmol), dpq (36.7 mg, 0.158 mmol), and
AgSO;CF; (40.6 mg, 0.158 mmol) in 20 mL 2-ethoxyethanol gave orange powders as the
product (83.0 mg, 76%). '"H NMR (CDCls, 500 MHz) 69.71 (d, J = 8.3 Hz, 2H), 9.14 (s, 2H),
8.95 (d, J=8.3 Hz, 2H), 8.31 (d, /= 8.1 Hz, 2H), 8.17 (d, J = 5.1 Hz, 2H), 7.90 (dd, /= 8.3, 5.3
Hz, 2H), 7.85 (d, J = 7.5 Hz, 2H), 7.75 (quintet, J = 7.8 Hz, 4H), 7.35 (d, J = 6.5 Hz, 2H), 7.29
(d, J= 6.5 Hz, 2H), 7.17 (t, J = 7.7 Hz, 2H), 6.97 (t, J = 7.4 Hz, 2H), 6.40 (d, J = 7.6 Hz, 2H).
HRMS (ESI): m/z calc for [C44HpglrNg]*: 833.2007; found: 833.1991. Elemental analysis calcd
(%) for CyqHogFIrNgP: C, 54.38; H, 2.89; N, 8.59; found: C: C, 54.46; H, 3.26; N, 8.44.

Complex 2. Reaction of [Ir(piq),],Cl, (100 mg, 0.079 mmol), dppz (44.6 mg, 0.158 mmol), and
AgSO;CF; (40.6 mg, 0.158 mmol) in 20 mL 2-ethoxyethanol gave red solids as product (97.0
mg, 60%). 'H NMR (CDCls, 500 MHz) 6 9.74 (d, J = 8.2 Hz, 2H), 8.93 (d, J = 8.5 Hz, 2H),
8.34-8.25 (m, 4H), 8.17 (d, J = 5.1 Hz, 2H), 7.92-7.85 (m, 4H), 7.83 (d, J = 7.9 Hz, 2H), 7.74-
7.67 (m, 4H), 7.42 (d, J = 6.4 Hz, 2H), 7.33 (d, J = 6.6 Hz, 2H), 7.13 (t, J = 7.7 Hz, 2H), 6.94 (t,
J=17.5 Hz, 2H), 6.44 (d, J = 7.6 Hz, 2H). HRMS (ESI): m/z calc for [C4sH30IrNg]*: 883.2164;
found: 883.2167. Elemental analysis calcd (%) for CugH3oFgIrNgP * 0.8CH3;CN: C, 56.16; H,
3.08; N, 8.98; found: C, 56.55, H, 3.40; N, 8.63.

Complex 3. Reaction of [Ir(piq),]>Cl, (100 mg, 0.079 mmol), dppn (52.5 mg, 0.158 mmol), and
AgSO;CF; (40.6 mg, 0.158 mmol) in 20 mL 2-ethoxyethanol gave orange powders as product
(60.0 mg, 35%). '"H NMR (CDCl;, 500 MHz) §9.78 (d, J = 8.0 Hz, 2H), 8.97 (d, J = 10.7 Hz,
3H), 8.33 (d, J = 8.2 Hz, 3H), 8.13 (d, J = 4.7 Hz, 3H), 7.91-7.84 (m, 4H), 7.80-7.70 (m, 5H),



7.60 (d, J=7.0 Hz, 1H), 7.48 (d, J = 6.6 Hz, 1H), 7.35 (d, J = 6.5 Hz, 2H), 7.18 (t, J = 7.8 Hz,
3H), 6.98 (t, J= 7.5 Hz, 3H), 6.42 (d, J = 7.6 Hz, 2H). HRMS (ESI): m/z calc for [Cs,H3,IrNg]™:
933.2321; found: 933.2314. Elemental analysis calcd (%) for Cs,H3,F¢IlrNgP * 0.3H,0: C, 57.94;
H, 2.99; N, 7.80; found: C, 57.65; H, 3.38; N, 7.60.

Complex 4. Reaction of dppn (52 mg, 0.156 mmol), [Ir(dpp),],Cl, (120 mg, 0.086 mmol) and
AgSO;CF; (55.8 mg, 0.217 mmol) in a mixture of CH,Cl, (30 mL) and CH3OH (15 mL) gave
yellow powders as product (26.0 mg, 13%). 'H NMR (DMSO-dg, 400 MHz) 69.87-9.79 (m, 2H),
9.28 (s, 2H), 8.46 (dd, J = 6.6, 3.3 Hz, 2H), 8.31-8.25 (m, 4H), 8.24 (d, J = 3.3 Hz, 2H), 7.86 (d,
J=3.3 Hz, 2H), 7.80 (dd, J = 6.6, 3.2 Hz, 2H), 7.61 (s, 10H), 7.02 (td, J = 7.4, 1.4 Hz, 2H), 6.88
(dd, J = 8.2, 1.4 Hz, 2H), 6.77 (ddd, J = 8.3, 7.2, 1.3 Hz, 2H), 6.53 (d, J = 7.2 Hz, 2H). HRMS
(ESI): m/z calc for [Cs4H34IrNg]™: 987.2540; found: 987.2515. Elemental analysis calcd (%) for
Cs4H34FIrNgP: C, 57.29; H, 3.03; N, 9.90; found: C, 57.13; H, 3.40; N, 9.58.

Complex 5. Reaction of [Ir(dpgx),],Cl, (120 mg, 0.076 mmol), dppn (50.6 mg, 0.152 mmol) and
AgSO;CF; (39.1 mg, 0.152 mmol) in a mixture of CH,Cl, (40 mL) and CH;0H (20 mL) gave
orange solids as product (127 mg, 68%). 'H NMR (CDCls, 500 MHz) 69.26 (d, J= 5.2 Hz, 2H),
9.19 (d, J= 8.1 Hz, 2H), 8.36 (dd, /= 8.1, 5.2 Hz, 2H), 7.98 (d, J = 8.5 Hz, 6H), 7.91 (d, /= 8.2
Hz, 2H), 7.80 (t, J = 7.5 Hz, 4H), 7.74 (t, J = 7.5 Hz, 2H), 7.51 (t, J = 9.7 Hz, 4H), 7.42 (t, J =
7.6 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 7.29-7.22 (m, 4H), 6.90 (t, /= 7.8 Hz, 2H), 6.81 (t, J=7.4
Hz, 2H), 6.62 (d, J = 7.7 Hz, 2H). HRMS (ESI): m/z calc for [CeH;3glrNg]*: 1087.2854; found:
1087.2802. Elemental analysis calcd (%) for Ce,H3sFeIrNgP * 2.5CH;0H: C, 59.03; H, 3.69; N,
8.54; found: C, 58.90; H, 3.70; N, 8.91.

Complex 6. Reaction of [Ir(dpbq),],Cl, (100 mg, 0.056 mmol), dppn (37.3 mg, 0.112 mmol) and
AgSO;CF; (28.8 mg, 0.112 mmol) in a mixture of CH,Cl, (40 mL) and CH3OH (20 mL) gave
dark red solids as product (64.7 mg, 43%). '"H NMR (CDCl;, 500 MHz) 6 9.36 (d, J = 4.6 Hz,
2H), 9.19 (d, J = 8.1 Hz, 2H), 8.55 (t, /= 7.0 Hz, 2H), 8.51 (s, 2H), 8.05 (d, /= 6.8 Hz, 6H), 7.90
(s, 2H), 7.85 (t, J=7.7 Hz, 4H), 7.78 (d, J = 7.4 Hz, 2H), 7.74 (d, J= 9.1 Hz, 4H), 7.50 -7.31 (m,
10H), 6.90 (t, J = 7.5 Hz, 2H), 6.77 (t, J = 7.4 Hz, 2H), 6.69 (d, J = 7.6 Hz, 2H). HRMS (ESI):
m/z calc for [CyoHgIrNg]*: 1187.3168; found: 1187.3187. Elemental analysis calcd (%) for
CroH4oFsIrNgP * 1.4CH,Cl,: C, 59.09; H, 3.11; N, 7.72; found: C, 58.78; H, 3.16; N, 8.11.

Photophysical studies

UV-vis absorption was measured on a Shimadzu UV-2501 spectrophotometer. The steady-state
emission spectra were obtained on a Horiba Jobin Yvon FluoroMax-4 spectrofluorometer. The
emission quantum yields of complexes were measured in degassed solutions by relative
actinometry method,? with a degassed [Ru(bpy);]Cl; acetonitrile solution (@, = 0.097, A = 436
nm) being used as the reference.* An Edinburgh LP920 laser flash photolysis spectrometer was
used to measure the nanosecond transient difference absorption spectra (TA), the triplet excited-
state lifetimes, and the triplet excited-state quantum yields. It was pumped with the third
harmonic output (355 nm) of a Nd:YAG laser (Quantel Brilliant, pulsewidth: 4.1 ns, repetition
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rate was set to 1 Hz). The solutions were purged with nitrogen for 40 min to eliminate oxygen
prior to each measurement of emission and TA. The triplet excited-state molar extinction
coefficients (&r) at the TA band maximum was estimated according to the singlet depletion
method;> and the triplet excited-state quantum yield @r was deduced by the relative
actinometry,® using silicon naphthalocyanine (SiNc) in benzene as the reference (599 = 70 000
M em™, @r=0.20).7

Nonlinear transmission measurement

Samples were prepared in a 2-mm cuvette with acetonitrile as the solvent. Their linear
transmission was adjusted to 80% at 532 nm. The nonlinear transmission experiments were
performed on a Quantel Brilliant 4.1 ns laser at its 532 nm mode with a repetition rate of 10 Hz.
The experimental details were reported earlier.®

Computational methods

Gaussian09 quantum chemistry software® was used for all calculations. Optimization of the
singlet ground state of all considered complexes was done using density functional theory (DFT)
employing hybrid functional PBE1PBE,!® and combined basis set LANL2DZ/6-31g*, where
LANL2DZ was used for Ir(IlT) and 6-31g* was used for C, N and H atoms. This methodology
had shown reasonable accuracy in descriptions of photophysical properties of similar
complexes.!! Conductor Polarized Continuum Model (CPCM)!'? with acetonitrile solvent was
implemented for all calculations to describe the effect of solvent on the geometry, electronic
levels and optical transitions. To compute linear absorption, linear response time-dependent DFT
(TDDFT) was used with the same functional and basis sets used at the ground state
calculations.!3 To reach the energy window needed to computational describe the experimental
absorption, the lowest 100 excited states were calculated. Each transition was dressed by a
Gaussian Bell curve with the line width of 9= 0.1 eV. The obtained profile agrees both
quantitatively and qualitatively with the experimental spectra. To better understand the type of
optical transitions from the ground state (S,) to the excited state (S,), natural transition orbitals
(NTOs)'* were computed using Gaussian09° and visualized using the GaussView software.!>
Excited state orbitals, NTOs, were also compared with the ground state molecular orbitals (MOs).

Cell culture

HL-60. HL-60 human promyelocytic leukemia cells (ATCC CCL-240) were cultured at 37 °C
under 5% CO, in RPMI 1640 (Mediatech Media MT-10—040-CV) supplemented with 20% FBS
(PAA Laboratories, A15-701) and were passaged 3—4 times per week according to standard
aseptic procedures. Cultures were started at 200,000 cells/mL in 25 cm? tissue culture flasks and
were subcultured when growth reached 800,000 cells/mL to avoid senescence associated with
prolonged high cell density. Complete media was prepared in 200-mL portions as needed by
combining RPMI 1640 (160 mL) and FBS (40 mL, prealiquoted and heat inactivated), in a 250-
mL Millipore vacuum stericup (0.22 um) and filtering.
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SK-MEL-28. Adherent SK-MEL-28 malignant melanoma cells (ATCC HTB-72) were cultured
in Eagle’s Minimum Essential Medium (EMEM, Mediatech Media MT-10-009-CV)
supplemented with 10% FBS and were incubated at 37 °C under 5% CO, and passaged 2-3 times
per week according to standard aseptic procedures. SK-MEL-28 cells were started at 200,000
cells/mL in 75 cm? tissue culture flasks and were subcultured when growth reached 550,000
cells/mL by removing old culture media and rinsing the cell layer once with Dulbecco’s
phosphate buffered saline (DPBS 1X, Mediatech, 21-031-CV), followed by dissociation of cell
monolayer with 1X Trypsin-EDTA solution (0.25% (w/v Trypsin/0.53 mM EDTA, ATCC 30-
2101). Complete growth medium was added to the cell suspension to allow appropriate aliquots
of cells to be transferred to new cell vessels. Complete media was prepared in 150-mL portions
as needed by combing EMEM (135 mL) and FBS (15 mL, prealiquoted and heat inactivated) in a
250-mL Millipore vacuum stericup (0.22 pm) and filtering.

Cytotoxicity and photocytotoxicity

Stock solutions of the hexafluorophosphate salts of the iridium complexes were prepared at 5
mM in CH;CN and kept at -20 °C prior to use. Working dilutions were made by diluting the
CH;CN stock with pH 7.4 Dulbecco’s phosphate buffered saline (DPBS). DPBS is a balanced
salt solution of 1.47 mM potassium phosphate monobasic, 8.10 mM sodium phosphate dibasic,
2.68 mM potassium chloride, and 0.137 M sodium chloride. CH;CN was kept at 1% or less in all
of the final assay wells.

Cell viability experiments were performed in triplicate in 96-well ultra-low attachment flat
bottom microtiter plates (Corning Costar, Acton, MA), where outer wells along the periphery
contained 200 xL. DPBS (2.68 mM potassium chloride, 1.47 mM potassium phosphate
monobasic, 0.137 M sodium chloride, and 8.10 mM sodium phosphate dibasic) to minimize
evaporation from sample wells. Cells growing in log phase (HL-60 cells: ~800,000 cells mL-!;
SK-MEL-28 cells: ~550,000 cells mL-!) with at least 93% viability were transferred in 50-uL
aliquots to inner wells containing warm culture medium (25 xL) and placed in a 37 °C, 5% CO,
water-jacketed incubator (Thermo Electron Corp., FormaSeries II, Model 3110, HEPA Class
100) for 3 h to equilibrate (and allow for efficient cell attachment in the case of SK-MEL-28
adherent cells). Metals compounds were serially diluted with DPBS and pre-warmed at 37 °C
before 25 uL aliquots of the appropriate dilutions were added to cells. PS-treated microplates
were incubated at 37 °C under 5% CO, for 16 h drug-to-light intervals. Control microplates not
receiving a light treatment were kept in the dark in an incubator while light-treated microplates
were irradiated under one of the following conditions: visible light (400-700 nm, 34.2 mW-cm?)
using a 190 W BenQ MS 510 overhead projector; or red light (625 nm, 29.1 mW-cm™) from an
LED array (PhotoDynamic Inc., Mount Uniacke, NS). Irradiation times using these two light
sources were approximately 49 and 57 min, respectively, to yield total light doses of 100 J-cm2.
Both untreated and light-treated microplates were incubated for another 48 h before 10-uL
aliquots of prewarmed Alamar Blue reagent (Life Technologies DAL 1025) were added to all
sample wells and subsequently incubated for another 15-16 h. Cell viability was determined on



the basis of the ability of the Alamar Blue redox indicator to be metabolically converted to a
fluorescent dye only by live cells. Fluorescence was quantified with a Cytofluor 4000
fluorescence microplate reader with the excitation filter set at 530 + 25 nm and emission filter set
at 620 £ 40 nm. ECs, values for cytotoxicity (dark) and photocytotoxicity (light) were calculated
from sigmoidal fits of the dose—response curves using Graph Pad Prism 6.0 according to Eq 1,
where where y; and yyare the initial and final fluorescence signal intensities. For cells growing in
log phase and of the same passage number, ECs, values are generally reproducible to within
+25% in the submicromolar regime; +10% below 10 uM; and #+5% above 10 uM.
Phototherapeutic indices (PIs), a measure of the therapeutic window, were calculated from the
ratio of dark to light ECs, values obtained from the dose-response curves.

Yi— Vr

(log ECg - x) x (Hill slope)
1+ 10 (1)

y=y+

DNA photocleavage assays

DNA photocleavage experiments were performed according to a general plasmid DNA gel
mobility shift assay with 30 uL total sample volumes in 0.5 mL microfuge tubes. Transformed
pUC19 plasmid (3 uL, >95% form I) was added to 15 uL of 5 mM Tris-HCI buffer supplemented
with 50 mM NaCl (pH 7.5). Serial dilutions of the Ir(IlI) compounds were prepared in ddH,O
and added in 7.5 uL aliquots to the appropriate tubes to yield final Ir(III) complex concentrations
ranging from 1 to 100 uM. Then, ddH,0 (4.5 L) was added to bring the final assay volumes to
30 uL. Control samples with no metal complex received 12 uLL of water. Sample tubes were kept
at 37 °C in the dark or irradiated. Light treatments employed visible light (14 J cm™2) delivered
from a Luzchem LZC-4X photoreactor over the course of 30 min. After treatment, all samples
(dark and light) were quenched by the addition of 6 uL of gel loading buffer (0.025%
bromophenol blue, 40% glycerol). Samples (11.8 uL) were loaded onto 1% agarose gels cast
with 1X TAE (40 mM Tris-acetate, | mM EDTA, pH 8.2) containing ethidium bromide (0.75 ug
mL™!) and electrophoresed for 30 min at 80 V cm™! in 1x TAE. The bands were visualized using
the Gel Doc-It Imaging system (UVP) with Vision Works software and further processed with
the GNU Image Maniupulation Program (GIMP).

Confocal microscopy

Sterile glass-bottom Petri dishes (MatTek) were coated with 200 uL poly-; -lysine (Ted Pella) in
a laminar flow hood under standard aseptic conditions. After a 1 h incubation period at 37 °C, 5%
CO; in a water-jacketed incubator (Thermo Electron Corp., Forma Series II, Model 3110, HEPA
class 100), the dishes were washed three times with sterile Dulbecco’s phosphate buffered saline
(DPBS 1A~, Mediatech, 21-031-CV) containing 2.68 mM potassium chloride, 1.47 mM
potassium phosphate monobasic, 0.137 M sodium chloride, and 8.10 mM sodium phosphate
dibasic, pH 7.4, and were left to dry uncovered at room temperature for approximately 15 min.



SK-MEL-28 malignant melanoma cells (ATCC HTB-72) were then transferred in aliquots of 500
uL (approximately 100,000 cells) to the poly-Llysine-coated glass bottom Petri dishes and were
allowed to adhere for 2 h in a 37 °C, 5% CO, water-jacketed incubator. Metal compound (500
1L of a 50 uM solution in sterile PBS prewarmed to 37 °C) was added to sample dishes (destined
to receive either a dark or light treatment), which were returned to the incubator for 15 min prior
to further treatment; control dishes that did not contain the metal compound were also prepared.
Light-treated samples were irradiated with visible light for 25 min from a 190 W BenQ MS 510
overhead projector (400—700 nm, power density = 33.1 mW cm™2, total light dose = 50 J cm™2).
Dark samples were covered with foil and placed in a drawer for the same amount of time. Cells
were then imaged at 15 min post-treatment using a Carl Zeiss LSM 510 laser scanning confocal
microscope with a 60x oil objective lens. Excitation was delivered at 458/488 nm from an
argon—krypton laser, and signals were acquired through a 475 nm long-pass filter. Pinhole
diameters for all the treatments were 100 um. The images were collected and analyzed using the
Zeiss LSM Image Browser Version 4.2.0.121 software (Carl Zeiss Inc.).
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Table S1 Natural transition orbitals (NTOs) representing transitions contributing to the
absorption bands below 320 nm for 1-3 and below 350 nm for 4-6 in CH;CN.

Sh Hole Electron

1 S
273 nm
£=0.567

Se1 2

252 nm g&
_ add o &,
molss il R4
Ty ;

Se2 f a
252 nm ii';‘
f=0.655 r,w',
4.8,
A

S63 N
252 nm %3

= | * 4
f=0.218 ‘:"i%‘

61%




26% 26%

Ses . -
3 ¢
247 nm ff
f =0.852 ?{%ﬁ‘ ;‘5&."‘
i ooy
F & A8,
S30 by ,;
304 nm P T ‘?,J"
f: 0.176 %?J'."},‘fﬁ‘ ’g{"’.“;‘h
o i %%y S.
& Y"‘o ” ! N
Ses P 'fw
280 nm ;3: ;gj
o e siaples
Y 344 4 o &
J.IYJ, ‘.I?‘__‘ 3 6%

S4s ,%%
279 nm .
f=0.605 "%m

*
+

Po RS
b 2o

12



S47
275 nm
f=0.300

Sus
273 nm
f=0.275

254 nm
f=0.160

B,
o "

SSZ 3
275 nm T
£=0.242 BREesse

13



SS3 i f
273 nm %
‘s %, %%
f= 0.296 3"'2 ¢ oy &,
R g
» % 4
260 nm a4, &
f =0.311 A::f%mss A..lf 9%
. g:.J\:O, t:..J\:O‘
Ea 43% Y 439
b 39 g t:a;,o
e 35% y 35%
Sqg Py 5
& 2
251 nm W : 44 |
f=0.787 ,WQ W ;;;W%-
’}'I: + 11.11 )
S sys,
f =0.135 &%'%%?pﬁ 4 : "‘"-'ﬁg’-%.r’,
i:.q:i, :_‘:"
G, S g,
824 ,:. f}" *:c f}.g
325 nm ’ - » s
s SR 35500
ada g, W &

14



31%

Sog
253 nm
/=0.637

;""-J
o'& & m
*.i
Py wig . %J “‘.;:J a
j'oE' ] g ‘ :
by ;ﬁm Jé“
:a"‘ P
; e 5 & 4
L d "
29% i
i 29%
P ;,,;tm
“ ‘ | ):-‘ :.J
L E:
8D ¥ :
L d ’ * I
e 3 |
¥ :?A:..)
L d "
21% i
‘ 21%
1 4,
L
s ;‘4*

15



'
A
L
- "’f
XL
% s 2 g
9
atated,
]
H

S36
323 nm
f=0.140

S37
321 nm
f=0.927

L) ed il
*,.. 4 g 4.,."”"
‘a'!' o s sa" '*._a-l; .
kxales A atey
o 52% T 52%
- 3 o
nl'""" F%s
b o Ay
4*,.";?': 4*.-‘\%" .
'*zl @4 A ' “‘._, @ ’.J;.,,ﬁ‘
’.r; -l: [ a,.f ;'
KN A8 b o204
]

Se2
288 nm
f=0.223

S74
279 nm
f=0.213

' 2
A iy
T 58% = 58%
.y .,
) )

54, aay 54, aad
S34 ,a:,,,‘;q_m ’ ‘,..'; _
346Ilm 4 4?.( a FPy

: %5 Y

_‘\‘:O'a:;‘{f:‘ "".rl 4 3
0159 R 005 g
R iy ey
by + 0 3
48%




Ssg
337 nm
f=0.245

o sk s
326 nm " ;#‘% B
f=1.435 '*-"%; : %

Al
@
w [
.‘.f‘ -l'*a > .‘.f‘ -l'*‘ -
dot, s aye, 4
: :

Ss6
307 nm
f=0.221

Ss7
305 nm
f=10.420

17



Table S2 Natural transition orbitals (NTOs) representing transitions contributing to the

absorption bands in 320-400 nm for 1-3 and 350-450 nm for 4-6 in CH;CN.
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Table S3 Characteristics of molecular orbitals for the first five HOMOs and LUMOs of
complexes 1-6.

MO 1 2 3 4 5 6
LUMO+4  pig/d(Ir) pig/d(Ir) dppz (™*)/piq  dpp("*)/d(Ir  dppn("*) dppn("*)
)
LUMO+3  d(Ir)/piq dpq(TT*) delocalized dppn(TT*) dppn(TT*) dppn("T*)
LUMO+2  dpq(™) piq/d(Ir) pig/d(Ir) dpp(™*)/d(Ir)  dpgx(™*)-N dpbq(™*)/d(Ir)
/d(Ir)
LUMO+1  dpq(™*) dppz("*) dppz(™*)/d(Ir)  dppn(™*) dpgx(T*)/d(Ir) ~ dpbq("*)/d(Ir)
LUMO dpq("*) dppz("*) dppz(™*) dppn(*) dppn(*) dppn(*)
HOMO  d(Ir)/Ph(T) d(Ir)/Ph(Tr) d(Ir)/Ph(T) Ph(T)/d(Ir) d(Ir)/dpgx(T)-N  d(Ir)/dpbg(T)
HOMO-1  piq(myd Pig(M)/d(Ir)  dppn(™) dpp(™) dppn(™) dppn(™)
HOMO-2  d,(Ir)/piq(")  dx(Ir)/piq(™)  piq(T)/d dpp(M)/d(Ir)  dpqx(T)/d(Ir) dpbq(™)-
N/d(Ir)

HOMO-3  d(Ir)/Ph(™)  d(Ir)/Ph(T)  d(Ir) piq(T)  d,(r)dpp(®)  d(Ir)/dpgx(T) dpbq(T)/d(Ir)

HOMO-4  d,»/piq(™) d/piq("M) d(Ir)/Ph () dpp(") dpax(T)/d(Ir) dpbq(™)
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0.0

Fig. S1 Comparison of normalized experimental versus computational UV-vis absorption

spectra of complexes 1-6 in CH;CN.
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Fig. S2 Normalized UV-vis absorption spectra of complexes 1-6 in different solvents.
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Table S4 Emission characteristics of complexes 1-6 in different deoxygenated solvents.

Aen/TM (Tory/18; Dyy)

Hexane
(+10% CH,Cl,)

CH,Cl,

Toluene
(+10% CH,Cl,)

CH;CN

N S W N -

6

587 (2640 0.087)
588 (2650; 0.033)
589 (2480; 0.007)
546 (2220 0.032)
625 (2390; 0.015)
613 (- -)*

585 (2930 0.33)
586 (2590 0.30)
587 (3000; 0.034)
551 (2230; 0.044)
625 (2430 0.136)
621 (450 -)°

591 (2660 0.25)
590 (2620 0.25)
593 (2540 0.027)
552 (2250, 0.057)
632 (1610; 0.048)
631 (1170; -)*

588 (2980; 0.22)
590 (400 0.034)

591 (2690; 0.026)
554 (2520, 0.015)
629 (2390 0.083)

558 (60; -), 774 (-; -)

aToo weak to be measured.
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Fig. S3 Normalized emission spectra of complexes 1-6 in different deoxygenated solvents at
room temperature. Ae, =436 nm and 4436 = 0.08 in a 1-cm cuvette.

28



S o o =
P2 .. 2
—

Normalized Emission Intensity
o
»

—r.t.
—T77K

o
=)

600 700
Wavelength (nm)

g

Normalized Emission Intensity
© I =4 4 =
N H o [} o
1 1 1 1 1
w

o
[=)

—r.t.
—T7K

600 700
Wavelength (nm)

3
o.

e o o =
P2 9
(3]

Normalized Emission Intensity
o
N

600 700
Wavelength (nm)

g.

Normalized Emission Intensity

Normalized Emission Intensity

e o o =
P 2.2 2
N

o
e

—rit.
—T77K

600 700

Wavelength (nm)

e o o =
P 2.2 2

o
e

o
[=)

600 700
Wavelength (nm)

Fig. S4 Normalized emission spectra of complexes 1-6 in deoxygenated CH;CN solution at r.t.
and in BuCN glassy matrix at 77 K. A was 435 nm for 1, 436 nm for 2, 419 nm for 3, 418 nm
for 4, and 466 nm for 5. The emission of 6 at 77 K was unable to be detected due to the very
weak signal and the poor quality of the glassy matrix.
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Fig. S5 Normalized excitation spectra of complexes 1-6 in deoxygenated CH;CN monitored at
their respective emission maxima.
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Fig. S7 Time-resolved ns transient absorption spectra of ligands in deoxygenated CH;CN. A =
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Fig. S9 In vitro dose-response curves for complexes 1 (a), 2 (b) and 3 (c) in SK-MEL-28 (left
column) and HL60 cells (right column) in the dark (black) or with a visible light activation (red).
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Emission Overlay

Fig. S10 Confocal luminescence images of SK-MEL-28 cells dosed with 50 M complex 1 or 2
and 3 in the dark.
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Emission Overlay

Fig. S11 Confocal luminescence images of SK-MEL-28 cells dosed with 50 #M complex 1 or 2
and 3 activated by visible light (50 J cm™).
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Fig. S12 DNA photocleavage of pUC19 DNA (20 uM bases) dosed with metal complex (MC) 1
(a), 2 (b) or 3 (c) and visible light (14 J cm?). Gel mobility shift assays employed 1% agarose
gels (0.75 ug mL ! ethidium bromide) electrophoresed in 1x TAE at 8 V cm! for 30 min. Lane
1, DNA only (-Av); lane 2, DNA only (+hAv); lane 3, 5 uM MC (+hv); lane 4, 20 uM MC (+hv);
lane 5, 40 uM MC (+hv); lane 6, 60 uM MC (+hv); lane 7, 80 uM MC (+hv); lane 8, 100 uM
MC (+hv); lane 9, 100 uM MC (-hv). Forms I, II, and IV DNA refer to supercoiled plasmid,
nicked circular plasmid, and aggregated plasmid, respectively.



