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Experimental Section

Instrumentation

Electrochemical Measurements. Electrochemistry was completed using a Gamry Instruments
1010E potentiostat with a glassy carbon working electrode, graphite counter electrode, and a
Ag/AgNOs reference electrode (0.01 M AgNOs3/0.1 M tetra-n-butylammonium
hexafluorophosphate (TBAPFs) supporting electrolyte in dry CH3CN, standardized with
Ru(bpy)s®* redox couple at 1.29 V vs SCE).* E1/; values were obtained from the peak currents in
square wave voltammograms. Reductive electrochemistry was carried out in dry, deaerated
CH3CN with 0.1 M TBAPFs as the supporting electrolyte under an atmosphere of nitrogen.
UV-Vis Absorption Spectra. UV-vis absorption spectra were recorded on an Agilent Technologies
Cary 60 UV-Vis spectrometer. Extinction coefficients for the complexes in H,0 were determined
from the absorption spectra of solutions having known concentrations of the complex.

Steady-State and Time-Resolved Emission. Emission data were collected using an Edinburgh
FLS980 spectrometer. For steady-state emission samples were excited using light output from a
housed 450 W Xe lamp passed through a single grating (1800 I/mm, 250 nm blaze) Czerny-
Turner monochromator. Emission from the sample was first passed through a 475 nm long-pass
color filter, then a single grating (1800 I/mm, 500 nm blaze) Czerny-Turner monochromator and
finally detected by a peltier-cooled Hamamatsu R928 photomultiplier tube. Time-resolved
emission were acquired using the time-correlated single-photon counting capability (1024
channels; 100 ns window) with excitation provided by an Edinburgh EPL-405 ps pulsed light
emitting diode (405 + 10 nm, pulse width 57.6 ps) operated at 10 MHz. Emission was passed
through a 420 nm long-pass filter and detected as described above. Emission decays were fit
with a mono-exponential function (y = A1e™* +yo) using Edinburgh software package. The
temperature was varied using at PolyScience 9101 digital temperature controller and bath filled
with ethylene glycol and water circulated through the Edinburgh FLS980 cuvette mount.

Photolysis. Ligand ejection studies were completed using the apparatus shown in Figure S3. The
light from a Kessil PR160 (467 nm, 120 mW/cm? at 5 cm) or a GLORIOUS-LITE 30W LED (240W
halogen equivalent), 3000 LM broad spectrum white flood lamp was illuminated onto a quartz
cuvette containing 3 mL of the solutions of interest 5 cm away from the light source. The
absorption spectrum of the sample was monitored on an Agilent Technologies Cary 60 UV-vis
spectrometer at specific time intervals to monitor photoinduced ligand ejection. The samples
were irradiated at varying lamp intensities to compensate for differing absorptivities at 467 nm
(25% for 1, 25% for 2, 75% for 3, 100% for 4, and 75% for 5) when the Kessil lamp was used.
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Cell Assays. Cell viability was monitored via an MTT assay as previously reported.>® HEK293T
cells were cultured in 1x D-MEM (Gibco) supplemented with 10% fetal bovine serum (Gibco).
Cultures were incubated under standard growth conditions at 37 °C, 5% CO,. Cells were seeded
in to 96-well plates at a density of 20,000 cells/mL and allowed to adhere overnight. Complete
growth medium was then supplemented with either DMSO solvent (mock treatment) or
increasing concentrations of complexes and incubated for 48 hours at 37 °C. In order to test
the effects of photolysis, cultures either exposed to or covered from irradiation in situ after
compound addition. The samples were irradiated with a Kessil PR160 (467 nm, 120 mW/cm? at
5 cm) lamp at 10 cm from the top of microtiter plate at 25% lamp intensity for 60 minutes. 25%
lamp intensity was selected to limit thermal buildup of the cell samples. Irradiation occurred
either immediately (no pre-incubation) or 60 minutes (pre-incubation) after addition of the
compounds. Following incubation, MTT dye solution (5 g/L in 1x PBS) was added to cultures at
a 1:10 dilution and incubated for 4 hours under standard growth conditions. An equal volume
of Solubilization Buffer [40% (v/v) DMF, 26% (w/v) SDS, 2% (v/v) acetic acid, pH 4.7] was added
and incubated under standard conditions for 10 minutes. Absorbance was measured at A570
nm using a BioTek Cytation1 Multi-Mode plate reader. Cell viability was measured as a
percentage in dye response in complex-treated cultures compared to the mock-treated
cultures.

Synthesis

2,2’-bipyridine (bpy, L1) and 2,2’-biquinoline (L3) were purchased from Fischer Scientific and
used without further purification. The starting material cis-[Ru(bpy)2Cl:] was synthesized as
previously reported.’

2-(pyridine-2-yl)quinoline (L2). 2-acetylpyridine (0.30 g, 2.48 mmol) and 2-aminobenzaldehyde
(0.30 g, 2.48 mmol) were dissolved in 15 mL of 1:1 CH30H:H,0. To the solution was added KOH
(0.277 g, 4.94 mmol) and the solution was stirred at 60°C for 12 hours. The reaction was
qguenched by the addition of 30 mL of water and the precipitate was collected and allowed to
air dry (0.49 g, 96 %) . This product was used without further purification. *H NMR (400 MHz,
CDCls): 6 8.76 (d, 1H), 8.68 (d, 1H), 8.59 (d, 1H), 8.31 (d, 1H), 8.20 (d, 1H), 7.89 (m, 2H), 7.76 (dd,
1H), 7.57 (dd, 1H), 7.38 (dd, 1H).
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2-(quinolin-2-yl)quinoxaline (L4) was synthesized by a reported procedure in 85% yield.? (400
MHz, CDCls): 6 10.23 (s, 1H), 8.75 (d, 1H), 8.36 (d, 1H), 8.27 (d, 1H), 8.20 (m, 2H), 7.90 (d, 1H),
7.81 (m, 3H), 7.62 (dd, 1H).
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2,2’-biquinoxaline (L5). This ligand was synthesized by a modified reported procedure by first
forming the hydrochloride salt of quinoxaline followed by homocoupling.® Quinoxaline (6.76 g,
51.9 mmol) was dissolved in 100 mL THF. The solution was cooled to 0°C was 5 mL of
concentrated HCl was added dropwise. Immediately an off-white solid began to form. Once all
of the HCl was added, the solution was stirred at 0°C for 10 min, the solid was filtered, washed
with cold THF, air dried, and collected (6.22g, 72%). Quinoxaline hydrochloride (6.22 g, 37.3
mmol) was dissolved in 48 mL dry dimethylformamide. The solution was degassed with N gas
for 10 min at which point N,N’-dimethylaniline (4.81 mL, 37.9 mmol) was added causing the
solid to dissolve and the solution to turn dark. The reaction was heated to 140°C and stirred at
that temperature for 1.5 hrs. The solution was cooled and 400 mL of 2 M ammonium hydroxide
solution was added generating a dark purple precipitate. The solid was filtered and washed
with ~ 200 mL methanol. The dark purple solid was redissolved in ~450 mL chloroform and
stirred with 1.7 g of charcoal overnight. The solution was filtered and the filtrate taken to
dryness to reveal the product as a light red solid (1.0 g, 10 %). This product was used without
further purification. R¢ (3:1 petroleum ether:ethyl acetate) 0.7. *H NMR (400 MHz, CDCl3): §
10.13 (s, 2H), 8.26 (m, 2H), 8.21 (m, 2H), 7.85 (m, 4H).
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Complex Synthesis. General Procedure. Ru(bpy).Cl> (0.15 g, 0.31 mmol) and N-N ligand (0.31
mmol) were dissolved in 20 mL of 1:1 EtOH:H,0 in an 80 mL microwave flask. The solution was
heated with stirring to 140°C for 60 min. In general, reaction progress can be followed by UV-
Vis spectroscopy. The reaction mixture was cooled, filtered, and the filtrated was taken to
dryness on a rotary evaporator. The crude product was purified by size exclusion
chromatography (Sorbadex, S-25 Fine), like fractions by UV-Vis spectroscopy were combined,
and the solvent was removed by rotary evaporation. The solid was triturated with ether,
filtered, washed with ether, and collected.
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[Ru(bpy)s]Cl2(1). This complex was isolated as a bright orange solid and characterization
matches that of previously reported (182 mg, 92%).8 *H NMR (400 MHz, D20) 6 8.41 (d, ) = 8.2
Hz, 6H), 7.92 (td, J = 7.9, 1.5 Hz, 6H), 7.71 (dd, J = 5.7, 0.8 Hz, 6H), 7.24 (ddd, J = 7.6, 5.6, 1.3 Hz,
6H). UV-vis in H20, A,,,4,, Nm (g, ML, cm™) 242 (21300), 287 (69090), 354 (5200), 422 (8500),
456 (10450). HR-ESI-MS: m/z = 285.0538 (calculated for CaoH16N4Ru [M — 2 CI']?* = 285.055).
Anal. Found (Calc) for pentahydrate C3oH34CI;NgOsRu: C 48.98 (49.32), H 4.65 (4.69), N 11.21
(11.50).
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[Ru(bpy)2(L2)]CI2(2). This complex was isolated as a dark orange solid (0.078 g, 36%). *H NMR
(400 MHz, D;0): 6 8.74 (d, 1H), 8.66 (d, 1H), 8.62 (d, 1H), 8.56 (m, 2H), 8.38 (d, 1H), 8.28 (d, 1H),
8.08 (m, 6H), 7.98 (d, 1H), 7.88 (dd, 1H), 7.77 (d, 1H), 7.74 (d, 1H), 7.56 (m, 3H), 7.46 (dd, 1H),
7.39 (dd, 1H), 7.31 (m, 4H). UV-vis in H20, A,,,4,, Nm (g, M1, cm™) 238 (28000), 278 (38900), 351
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(7780), 449 (8310), 489 (6770). HR-ESI-MS: m/z = 310.0692 (calculated for C3sH26NsRU [M — 2 CI
]1** = 310.065). Anal. Found (Calc) for pentahydrate C3,H3sCI,NgOsRu: C 52.47 (52.31), H 4.46
(4.65), N 10.69 (10.77).
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[Ru(bpy)2(L3)]CI2(3). This complex was isolated as a dark red solid (0.084 g, 37%). 'H NMR (400
MHz, D20): § 8.61 (dd, 4H), 8.43 (d, 4H), 8.02 (m, 6H), 7.92 (d, 2H), 7.83 (d, 2H), 7.56 (dd, 2H),
7.35 (d, 2H), 7.27 (m, 4H), 7.12 (d, 2H). UV-vis in H20, 1,4, nm (€, ML, cm™) 265 (31100), 285
(34400), 352 (12500), 378 (9780), 439 (4200), 527 (4270). HR-ESI-MS: m/z = 335.0704
(calculated for C37H27N6Ru [M — 2 CI']?* = 335.070). Anal. Found (Calc) for pentahydrate
C3gH33CI,NgOsRu: C 55.5 (54.94), H4.42 (4.61), N 10.22 (10.12).
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[Ru(bpy)2(L4)]Cl2 (4). This complex was isolated as a purple solid (0.206 g,90%). *H NMR (400
MHz, D,0): 6 9.88 (s, 1H), 8.77 (d, 1H), 8.62 (m, 3H), 8.38 (d, 1H), 8.35 (d, 1H), 8.21 (dd, 1H),
8.05 (m, 5H), 7.93 (m, 3H), 7.85 (dd, 1H), 7.71 (d, 1H), 7.62 (dd, 1H), 7.37 (m, 6H), 7.21 (d, 1H),
7.06 (d, 1H). .4, NM (g, ML, cm™?) 255 (22100), 273 (31200), 286 (34500), 359 (12900), 393
(11800), 434 (5100), 553 (5170). HR-ESI-MS: m/z = 335.5692 (calculated for Cs7H27N7Ru [M — 2
Cl']** = 335.568). Anal. Found (Calc) for pentahydrate C3gH37CI,N,OsRu: C 53.62 (53.43), H
4.30 (4.48), N 11.68 (11.79).
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[Ru(bpy)2(L5)]Cl2 (5). This complex was isolated a dark purple solid (0.11 g, 48%). *H NMR (400
MHz, D,0): § 9.95 (s, 2H), 8.47 (d, 2H), 8.43 (d, 2H), 8.15 (d, 2H), 8.07 (dd, 2H), 8.00 (dd, 2H),
7.82 (m, 4H), 7.59 (d, 2H), 7.36 (m, 4H), 7.27 (dd, 2H), 7.05 (d, 2H). UV-vis in H20, A,,,4,, nm (&,
M-, cm) 254 (30600), 280 (53000), 386 (22400), 405 (21800), 565 (7705). HR-ESI-MS: m/z =
336.0665 (calculated for CsgHa6 NsRu [M — 2 CI']?* = 336.065). Anal. Found (Calc) for
pentahydrate C3gH3s C1;NgOsRu: C 52.41 (51.98), H 4.08 (4.36), N 13.25 (13.46).
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Figure S1. Cyclic voltammograms acquired at 100 mV/s for 1 mM solutions of 1 (a), 2 (b), 3 (c), 4
(d), and 5 (e) in Ar deaerated CH3CN with 0.1 M TBAPFs supporting electrolyte. GC working
electrode, graphite rod counter electrode, and Ag/AgNOs reference electrode (0.01 M AgNO3
with 0.1 M TBAPFs in CH3CN). Values were adjusted to agree with literature values for
[Ru(bpy)s]3*/%* at 1.29 V vs SCE.3
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Redox Potential (vs SCE)

Compound

Figure S2. Reduction potentials for compounds 1 —5 In CH3CN deaerated with Ar for 10 min, 1
mM in complex and 0.1 M TBAPFg supporting electrolyte. GC working electrode, graphite rod
counter electrode, and Ag/AgNO, (0.01 M AgNOs with 0.1 M TBAPFg in CH3CN) reference

(values were adjusted to agree with literature values for [Ru(bpy)3]3*/?* at 1.29 V vs SCE). 1
E,/, values from differential pulse voltammetry.

Figure S3. Photolysis setup used to study photoinduced ligand ejection processes from
complexes. The samples were dissolved in 3 mL of deionized water and illuminated with a (left)
Kessil PR160 lamp (467 nm, 120 mW/cm? at 5 cm) or (right) GLORIOUS-LITE 30W LED (240W
halogen equivalent), 3000 LM broad spectrum white light that was held 5 cm away from the
sample with constant stirring.
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Figure S4. Absorption spectra of complexes 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e) in 3 mL H,0
monitored over time during irradiation with light from a Kessil PR160 (467 nm, 120 mW/cm? at

5 c¢m). Light intensity was adjusted to correct for varying molar absorptivities at 467 nm 25% for
1, 25% for 2, 75% for 3, 100% for 4, and 100% for 5.
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Figure S5. Absorption spectra of complexes 1-5 in 3 mL H,O monitored over time during
irradiation with light from a GLORIOUS-LITE 30W LED (240W halogen equivalent), 3000 LM
broad spectrum white light placed 5 cm away from the sample. First order rates constants for
kpig were 1 (<<1070571)<2(3.4 x 107657 1) <3 (6.4 x 107°s71).
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Table S1. Molar absorption of each complex at 467 nm and the light intensity used on the Kessil
PR160 lamp to account for these differences.

Compound Molar Abs. at 467nm Light intensity (%)

1 9188 25
2 7039 25
3 3078 75
4 2444 100
5 2193 100

Normalized Absorption

200 300 400 500 600 700 800
Wavelength (nm)

Figure S5. Absorption spectra of complexes 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e) in H,O initially
(black) and 377 days later being stored in the dark.
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Figure S6. Absorption spectra of [Ru(bpy)2(6,6’-dmb)]?* in 3 mL H,0 monitored over time during
irradiation with light from a (A) Kessil PR160 (467 nm, 120 mW/cm? at 5 cm) set to 25%
intensity and a (B) GLORIOUS-LITE 30W LED (240W halogen equivalent), 3000 LM broad
spectrum white light placed 5 cm away from the sample.
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Figure S7. Normalized emission spectra of 1-5 in N, deaerated H;0 (Aex = 445 nm).
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Figure S8. Emission spectra of 4 and 5 in N2 deaerated H,0 (4., = 550 nm).
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Figure S9. Emission decays for 1 in N2 deaerated H20 (Aex = 405 nm, Aem = €mission maximum).
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Figure S10. Emission decays for 2 in N, deaerated H20 (Aex = 405 nm, Aem = €mission maximum).
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Figure S11. Emission decays for 3 in N2 deaerated H20 (Aex = 405 nm, Aem = €mission maximum).
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Figure S12. Cell viability assays as measured by the function of MTT dye reduction following
incubation with complexes 1 = 5. Viability measurements were conducted in triplicate for each
condition.
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Figure S13. Percent change in cell viability of light vs dark divided by the molar absorptivity at
467 nm for each complex.
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Figure S14. Cell viability assays as measure by the function of MTT dye reduction following
incubation with positive control compounds cisplatin and [Ru(bpy)2(6,6’-dmb)]?*. As expected,
both compounds display significant cytotoxicity against the HEK293T cell line. Cytotoxicity of
the [Ru(bpy)2(6,6’-dmb)]?* displays a dependency on irradiation, as described previously?©,
whereas irradiation has no effect on the cytotoxicity of cisplatin.
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