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1. General Materials and Methods:

Reagents and solvents were purchased from commercial vendors (Millipore Sigma, TCI America,
Alfa Aesar, Fisher Scientific, Oakwood Chemical, Combi-Blocks) and used without further
purification unless otherwise noted. Deuterated solvents were purchased from Cambridge Isotope
Laboratories. Oxygen- and moisture-sensitive reactions were performed using standard Schlenk
or glovebox procedures under a nitrogen atmosphere. Workups were performed in air unless
otherwise specified.

Silica column chromatography was conducted with Zeochem Zeoprep n60 Eco 40-63 um silica
gel. Alumina column chromatography was conducted with SorbTech basic alumina (pH 10), Act.
[1-111, 50-200 um. Preparative TLC was performed using Millipore Sigma 200 pm silica gel 60
matrix Fzs4 TLC plates.

NMR spectra were acquired using 500 MHz Bruker spectrometers. *H spectra were referenced to
TMS (8 0.00 ppm) or residual solvent peaks (CDCls & 7.26 ppm, DMSO-ds 6 2.50 ppm, and
tetrachloroethane-dz & 6.00 ppm). 13C NMR spectra were referenced to residual CDCls (§ 77.16
ppm). °F NMR spectra were indirectly referenced to CFCls (8 0.00 ppm) using a
hexafluorobenzene standard (6 —164.9 ppm) or via the Bruker TopSpin 3.5 software suite.

Solution-phase UV-vis spectra were collected on an Agilent Cary 100 UV-vis or Shimadzu UV-
3600i Plus UV-vis-NIR spectrophotometer using a 1 cm quartz cuvette.

Standard ESI-MS data were collected on a Bruker Esquire lon Trap mass spectrometer in positive
ion mode. GC-MS data were collected on an Agilent 9573 mass spectrometer in positive ion mode.

High-resolution ESI-MS data for 4MeO-CPP, 12MeO-CPP, 12iPrS-CPP, 12HO-CPP,
Ruz(Ph2dhbq), and Ruz2(40-CPP) were collected on an LTQ-Orbitrap XL mass spectrometer in
positive ion mode. High-resolution ESI-MS data for 4HO-CPP was collected on the same
instrument in negative ion mode.

High-resolution MALDI-TOF data for 4F-MC-OTES and 4F-CPP were collected on a Bruker
Autoflex Speed LRF mass spectrometer in positive ion mode. High resolution MALDI-TOF data
for Ruz2(40-CPP) and Rus(120-CPP) were collected on a Waters Synapt XS mass spectrometer
in positive ion mode. All samples were prepared in DCM with trans-2-[3-(4-tert-butylphenyl)-2-
methyl-2-propenylidene]malononitrile (DCTB) as a matrix.

S2



2. Synthetic Procedures:

The starting material, 12F-CPP, was prepared according to published methods by Jasti and
coworkers.'? The intermediates, S1 and S2, used in the preparation of 4F-CPP were prepared
according to previously published methods by Jasti and coworkers.?2 The terphenyl model ligand,
H4Ph2dhbq, was prepared according to published methods by Xiao and coworkers.*
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Synthesis of 4F-MC-OTES. To a flame-dried 1 L round-bottom flask equipped with a stir bar
was added S1 (0.6 g, 0.5 mmol, 1.0 equiv), S2 (0.493 g, 0.55 mmol, 1.1 equiv), and Pd SPhos G3
(78 mg, 0.1 mmol, 0.2 equiv). The flask was placed under high vac for one hour, and subsequently
evacuated and backfilled with nitrogen three times. Starting materials were dissolved in 1,4-
dioxane (333 mL) and the mixture was sparged with nitrogen for 30 minutes. The mixture was
then lowered into a preheated oil bath at 80 °C and allowed to stir for 30 minutes. A 2M aqueous
solution of KsPOa4 (33 mL) that had been sparged for 30 minutes prior was added dropwise. The
solution was allowed to stir at 80 °C overnight. In the morning, the solution was cooled to room
temperature, poured over a fritted funnel filled with celite and sodium sulfate, and eluted with
ethyl acetate. The eluent was collected, and the solvent was removed via rotary evaporation. The
resulting brown oil was extracted with ethyl acetate (3 x 100 mL), washed with water (3 x 100
mL), brine (1 x 100 mL), and finally dried over sodium sulfate. After removal of sodium sulfate
and solvent, the crude oil was dissolved in DCM, adsorbed onto silica, and purified via silica
column chromatography from 0-100% DCM in hexanes. Concentration of fractions afforded 4F-
MC-OTES as an off-white solid (0.28 g, 31%).

'H NMR (500 MHz, CDCls) § 7.67 (s, 8H), 7.58 (d, J = 8.4 Hz, 8H), 7.52 (d, J = 8.5 Hz, 4H),
7.49-7.41 (m, 12H), 6.09 (d, J = 10.2 Hz, 4H), 6.06-6.01 (m, 8H), 0.97 (td, J = 7.9, 3.8 Hz, 54H),
0.70-0.62 (m, 36H). 3C{*H} NMR (126 MHz, CDCls) 6 139.66, 131.89, 130.13, 127.48, 126.86,
126.83, 126.52, 126.25, 7.24, 7.22, 7.21, 6.66, 6.62. 1°F NMR (471 MHz, CDCls) § —144.37 (s).
HRMS (MALDI) m/z: [M]* calculated for Ci0sH134F40sSis, 1770.8732; found, 1770.8672.
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Synthesis of 4F-MC. To a flame-dried 250 mL round bottom flask equipped with a stir bar was
added 4F-MC-OTES (0.54 g, 0.305 mmol, 1.0 equiv). This was placed under high vac for an hour
and subsequently dissolved in tetrahydrofuran (anhydrous/degassed; 101 mL), resulting in a clear
solution. Glacial acetic acid (0.870 mL, 15.2 mmol, 50 equiv) was added quickly dropwise,
followed by the slow dropwise addition of tetrabutylammonium fluoride (1M in THF, 7.62 mL,
7.62 mmol, 25 equiv). The colorless solution was allowed to stir under nitrogen overnight at room
temperature. The next day, water (50 mL) was added to the reaction mixture, resulting in a white
suspension, and THF was removed via rotary evaporation. The suspension was poured over a
fritted vacuum funnel, resulting in 4F-MC as a white powder that was washed with water, dried
under high vac, and moved on without further purification (0.510 g, 96%).
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Synthesis of 4F-CPP. To a flame-dried 100 mL round bottom flask equipped with a stir bar was
added 4F-MC (0.167 g, 0.154 mmol, 1.0 equiv), which was placed under high vac for an hour and
then dissolved in tetrahydrofuran (anhydrous/degassed; 26 mL, 0.006 M). In a separate 100 mL
flame dried round bottom flask equipped with a stir bar was added SnCl2-2H20 (0.181 g, 0.154
mmol, 1.0 equiv) followed by concentrated aqueous HCI (0.133 mL, 0.308 mmol, 2.0 equiv). This
was dissolved in tetrahydrofuran (20 mL, 0.040 M) and allowed to stir for 30 minutes at room
temperature. The prepared H2SnCls solution (8.46 mL, 0.040 M, 2.2 equiv) was added to the 4F-
MC solution dropwise resulting in a cloudy yellow-white mixture that was allowed to stir
overnight at room temperature. In the morning, a 1M agueous NaOH solution (30 mL) was added
followed by the removal of THF via rotary evaporation. The suspension was extracted with DCM
(3 x 100 mL), washed with water (3 x 100 mL), brine (1 x 100 mL), and dried over sodium sulfate.
After removal of the sodium sulfate and solvent, the crude yellow solid was dissolved in DCM,
adsorbed onto alumina, and purified via alumina column chromatography from 0-100%
DCM/hexanes. Concentration of fractions afforded 4F-CPP as a blue-fluorescent yellow solid (36
mg, 24% yield). Single crystals suitable for X-ray diffraction were obtained by vapor diffusion of
n-heptane into trichloroethylene.
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IH NMR (500 MHz, CDCl3) § 7.67-7.59 (m, 40H), 7.55 (d, J = 8.3 Hz, 4H). 3C{*H} NMR (126
MHz, CDCls) & 140.99, 138.99, 138.76, 138.62, 138.59, 138.54, 138.42, 138.32, 130.93, 127.74,
127.48, 127.44, 127.38, 127.00, 126.68. 1°F NMR (471 MHz, CDCls) & —143.79 (s). HRMS
(MALDI) m/z: [M]* calculated for C72HasF4, 984.3379; found, 984.3390.

NaOMe

4F-CPP 4MeO-CPP

Synthesis of 4MeO-CPP. In a nitrogen-filled glovebox, 4F-CPP (22.8 mg, 23.1 umol), sodium
methoxide (20.3 mg, 0.376 mmol, 16 equiv), and DMI (0.8 mL) were divided evenly between two,
4 mL scintillation vials. The vials were sealed and stirred at 80 °C for 16 hr. The contents of both
vials were combined. The mixture was removed from the glovebox, diluted with water (20 mL),
acidified with 2M aqueous HCI (~15 drops), and the solution was verified to be acidic by pH paper.
The resulting white precipitate was collected by vacuum filtration, washed with H20, and dried
under reduced pressure to give 4MeO-CPP as an off-white solid (20.7 mg, 87%). Residual DMI
(ca. 5% by mass) was observed in the *H NMR spectrum of isolated 4MeQO-CPP, the contribution
of which was already removed from the previously stated mass and yield. Further purification
could be achieved by preparative TLC (DCM eluent) to give 4MeO-CPP as off-white solid (17.5
mg, 73%). Single crystals suitable for X-ray diffraction were obtained by vapor diffusion of n-
heptane into trichloroethylene.

'H NMR (500 MHz, CDCl3) & 7.67-7.55 (m, 40H), 7.48 (d, J = 8.5 Hz, 4H), 3.50 (s, 12H). *C{*H}
NMR (126 MHz, CDCls) 6 147.42, 139.33, 138.83, 138.76, 138.70, 138.62, 138.59, 138.50,
138.44, 132.58, 131.43, 128.86, 127.79, 127.61, 127.56, 127.50, 127.48, 127.45, 127.43, 127.37,
127.31, 126.35, 61.18. HRMS (ESI) m/z: found 1033.4243 ([M+H]*, calc’d: 1033.4251 for
Cr6Hs604H).
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Synthesis of 4HO-CPP. In a Schlenk flask under a nitrogen atmosphere, 4MeO-CPP (15.8 mg,
15.3 pmol) was dissolved in DCM (degassed/anhydrous, from the glovebox; 4 mL). The solution
was cooled to —78 °C. A 1M solution of BBr3 in DCM (0.183 mL, 0.183 mmol, 12 equiv) was
added dropwise via syringe. The reaction was allowed to return to room temperature over the
course of 2-3 hr and stirred overnight without heating. The reaction was cooled to 0 °C, quenched
carefully by dropwise addition of H20 (degassed; 10 mL), and stirred for 2 hr. Without exposing
the mixture to air, the DCM was removed in vacuo and the flask was transferred to a nitrogen-
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filled glovebox. Additional H20 (30 mL) was added, and the mixture was extracted with DCM (3
x 5 mL). The combined organic layers were reduced in vacuo, and the resulting solid was washed
with pentane to yield 4HO-CPP as a light yellow/brown solid (13.6 mg, 91%).

IH NMR (500 MHz, CDCls) § 7.69-7.54 (m, 44H). 3C NMR (126 MHz, CDCl3) § 197.23, 193.76,
154.32, 141.95, 140.99, 139.60, 139.46, 139.27, 139.14, 138.97, 138.90, 138.74, 138.64, 138.61,
138.59, 138.49, 138.40, 138.32, 132.07, 131.23, 128.84, 127.81, 127.77, 127.69, 127.63, 127.58,
127.54, 127.50, 127.48, 127.40, 127.38, 127.31, 126.93, 122.20. HRMS (ESI) m/z: found
975.3471 ([M-H], calc’d: 975.3469 for C72H4704).
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Synthesis of 122MeO-CPP. In a nitrogen-filled glovebox, 12F-CPP (99.6 mg, 88.2 umol), sodium
methoxide (229 mg, 4.25 mmol, 48 equiv), and NMP (4 mL) were divided evenly between four, 4
mL scintillation vials. All vials were sealed and stirred at 80 °C for 16 hr. The contents of all vials
were combined. The mixture was removed from the glovebox and diluted with H20 (~20 mL).
Aqueous 1M HCI (~10 mL) was added, and the solution was verified to be acidic by pH paper.
The mixture was then extracted with ethyl acetate (4 x 25 mL). The combined organic layers were
washed with H20 (4 x 30 mL), dried over magnesium sulfate, gravity filtered, and the solvent was
removed in vacuo. The resulting solid was suspended in minimal cold MeOH, collected via
vacuum filtration, and dried in vacuo to yield 12MeO-CPP as an off-white solid (109 mg, 97%).
Crystals suitable for X-ray diffraction were grown by slow evaporation out of an acetone/MeOH
mixture.

Note: A small degree of premature demethylation may be observed in as-synthesized 12MeO-
CPP. While this is not of concern given our fully demethylated synthetic target, we found that any
demethylation could be reversed using the following general procedure. Following heating, the
vial(s) were removed from the glovebox, cooled to 0 °C, uncapped briefly, and methyl iodide (68
equiv) was added. Once resealed, the vial(s) were stirred at room temperature overnight. The
resulting mixture was worked up as previously described, omitting the acidification step, to yield
pure 12MeO-CPP as an off-white solid in 86% yield.

IH NMR (500 MHz, CDCl3) § 7.66 (s, 12H), 7.59 (d, J = 8.7 Hz, 12H), 7.49 (d, J = 8.7 Hz, 12H),
3.53 (s, 36H). 3C{'H} NMR (126 MHz, CDCl3) 5 147.35, 139.25, 139.19, 132.52, 131.36, 128.77,
127.61, 126.25, 61.07. HRMS (ESI) m/z: found 1273.5077 ([M+H]*, calc’d: 1273.5097 for
Cs4H72012H).
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Synthesis of 12HO-CPP. In a Schlenk flask under a nitrogen atmosphere, 12MeO-CPP (109 mg,
85.4 umol) was dissolved in DCM (degassed/anhydrous, from the glovebox; 14 mL). The solution
was cooled to —78 °C. A 1M solution of BBr3 in DCM (2.05 mL, 2.05 mmol, 24 equiv) was added
dropwise via syringe. The reaction was allowed to return to room temperature over the course of
2-3 hr and stirred overnight without heating. The reaction was cooled to 0 °C, quenched carefully
by dropwise addition of H20 (degassed; ~55 mL), and stirred for 2 hr. Without exposing the
mixture to air, the DCM was removed in vacuo and the flask was transferred to a nitrogen-filled
glovebox. The precipitate in the flask was recovered by vacuum filtration, washed with H20,
washed with a minimal amount of MeOH, and dried in vacuo to yield 12HO-CPP as an off-
white/brown solid (64.9 mg, 69%).

Note: workups conducted in air resulted in uncontrolled oxidation of the catechol units, as
observed by significant peak broadening in the *H NMR,; this oxidation could be partially reversed
through reaction with sodium dithionite, however the peaks were significantly less well resolved
than for 12HO-CPP worked up under a nitrogen atmosphere (Fig. S14).

'H NMR (500 MHz, DMSO-ds) & 7.80 (br), 7.70 (br), 7.58 (br). HRMS (ESI) m/z: found
1143.2779 ([IM+K]*, calc’d: 1143.2777 for C72H48012K). 3C NMR could not be obtained due to
poor solubility.

12F-CPP 12iPrS-CPP

Synthesis of 12iPrS-CPP. An oven-dried Schlenk flask under a nitrogen atmosphere was charged
with 12F-CPP (20.0 mg, 17.7 umol) and NMP (anhydrous/degassed, from the glovebox; 1.5 mL).
Under nitrogen, sodium 2-propanethiolate (68.2 mg, 695 pumol, 39 equiv) was added and the
reaction was stirred at 80 °C for 12 hr. The reaction was diluted with H20 (25 mL) and the resulting
thiol byproducts were removed in vacuo. Additional H20 (75 mL) was added, and the mixture was
extracted with DCM (3 x 20 mL) followed by ethyl acetate (3 x 20 mL). The combined DCM
layers were washed with H20 (5 x 10 mL) and dried over magnesium sulfate. The DCM and ethyl
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acetate layers were combined, and the solvent was removed in vacuo to yield an oily solid. The
solid was suspended in MeOH, filtered, and washed with additional MeOH (~40 mL total) to yield
12iPrS-CPP as a yellow solid (27.3 mg, 86%). Single crystals could be obtained by slow
evaporation out DMSO or a DCM/MeOH mixture, however these crystals were not of suitable
quality for X-ray diffraction.

IH NMR (500 MHz, CDCls) § 7.56 (s, 12H), 7.41 (d, J = 8.1 Hz, 12H), 7.36 (d, J = 8.2 Hz, 12H),
3.13 (hept, J = 6.7 Hz, 12H), 1.00 (d, J = 6.7 Hz, 72H). 3C{'H} NMR (126 MHz, CDCls) § 149.82,
140.80, 140.58, 140.37, 140.20, 132.51, 128.22, 126.34, 40.24, 22.81, 1.11. HRMS (ESI) m/z:
found 1801.6088 ([M+H]* calc’d: 1801.6111 for CiosH120S12H).
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Synthesis of Ruz(Ph2dhbq). This compound was prepared using a modified procedure from the
literature.® In a nitrogen-filled glovebox, a 20 mL scintillation vial was charged with HsPh2dhbq
(45.0 mg, 0.153 mmol), [Ru(p-cymene)Cl2]2 (95.7 mg, 0.156 mmol, 1 equiv), and MeOH (13 mL).
The vial was capped, stirred at room temperature for 10 min, and then removed from the glovebox.
The vial was uncapped, and the mixture was stirred while open to air for two days. The resulting
dark precipitate was collected by centrifugation and washed with MeOH (3 x 30 mL), diethyl ether
(30 mL), and dried in vacuo to yield Ruz(Ph2dhbq) as a black solid (89.8 mg, 0.108 mmol, 71%).
Slow diffusion of MeOH into DCM gave single crystals suitable for X-ray diffraction.

'H NMR and standard ESI-MS data match the previously reported data for this compound. HRMS
(ESI) m/z: found 796.0560 ([M—CI]* calc’d: 796.0564 for C3sHzsO4CIRu?).

o
+ Ruy(p-cymene),Cl, - 5

MeOH, rt

4HO-CPP

Ru,(40-CPP)

Synthesis of Ruz2(40-CPP). In a nitrogen-filled glovebox, a 4 mL scintillation vial was charged
with 4HO-CPP (2.8 mg, 2.9 umol) and MeOH (0.5 mL). While stirring, a solution of [Ru(p-

S8



cymene)Cl2]2 (4.0 mg, 6.5 pumol, 2.2 equiv) in MeOH (0.5 mL) was added dropwise. The vial was
capped, stirred at room temperature for 10 min, and then removed from the glovebox. The vial lid
was unscrewed by one-quarter turn to facilitate the slow diffusion of oxygen into the vial, and the
mixture was stirred at room temperature for five days. The resulting dark precipitate was collected
by filtration and washed with MeOH (2 x 1 mL). The precipitate was recovered using CHCls and
purified by preparative TLC (DCM eluent; TLC plates were pre-treated with 4% NEts in DCM) to
yield Ru2(40-CPP) as a dark red solid (0.8 mg, 19%).

Note: due to potential sensitivity of the product to acid, chlorinated solvents were stored over
potassium carbonate prior to use.

IH NMR (500 MHz, CDCls) 8 7.79 (d, J = 8.5 Hz, 4H), 7.66-7.57 (m, 36H), 7.50 (d, J = 8.5 Hz,
4H), 5.58 (d, J = 6.0 Hz, 4H), 5.28 (d, J = 5.9 Hz, 4H), 2.89 (hept, 2H), 2.21 (s, 6H), 1.36 (d, J =
6.9 Hz, 12H). HRMS (ESI) m/z: found 1479.3190 ([M-CI]* calc’d: 1479.3236 for
CosH7204CIRU2). HRMS (MALDI) m/z: found 1514.2805 ([M]* calc’d: 1514.2925 for
Co2H7204CI2RU2).

+ Ruy(p-cymene),Cly >
DMF + MeOH, rt

12HO-CPP

Rug(120-CPP)
RuCym = Ru[n®-(p-cymene)]Cl

Synthesis of Rus(120-CPP). In a nitrogen-filled glovebox, a 4 mL scintillation vial was charged
with 12HO-CPP (2.5 mg, 2.3 pumol) and DMF (0.5 mL). While stirring, a solution of [Ru(p-
cymene)Cl2]2 (12.1 mg, 19.7 pumol, 8.6 equiv) in MeOH (0.5 mL) was added dropwise. The vial
was capped, stirred at room temperature for 10 min, then removed from the glovebox. The vial
was uncapped, and the mixture was stirred open to air at room temperature overnight. The mixture
was evaporated to dryness under reduced pressure. The resulting dark solid was suspended in
MeOH (10 mL), filtered, and washed with additional MeOH (3 x 2 mL). The precipitate was
recovered with CHClIs and concentrated in vacuo to yield Rus(120-CPP) as a dark red solid (3.3
mg, 54%).

Note: due to potential sensitivity of the product to acid, chlorinated solvents were stored over
potassium carbonate prior to use.

'H NMR (500 MHz, CDClz) & 7.82-7.47 (m), 5.59 (br), 5.28 (br), 3.94 (br), 2.22 (br), 1.36 (br).
HRMS (MALDI) m/z: found 2681.1409 ([M—CI]* calc’d: 2681.1543 for C132H120012ClsRus).
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Synthesis of 1,2,4,5-tetrafluoro-3,6-diphenylbenzene. A Schlenk flask was charged with 1,4-
dibromo-2,3,5,6-tetrafluorobenzene (6.02 g, 19.6 mmol), phenylboronic acid (6.21 g, 50.9 mmol,
2.6 equiv), and 1,4-dioxane (150 mL). The mixture was sparged with nitrogen for 30 min. A
concentrated aqueous solution of KsPO4 (22.9 g, 108 mmol, 5.5 equiv) was also sparged with
nitrogen for 30 min and transferred to the Schlenk flask via cannula. Under nitrogen,
Pd(dppf)Cl2-DCM (0.301 g, 0.369 mmol, 1.9 mol%) was added and the reaction was heated at 80
°C for 24 hours. The solvent was removed in vacuo and the resulting solid was suspended in H20
(400 mL). The solid was collected by vacuum filtration and washed with MeOH (250 mL) to give
1,2,4,5-tetrafluoro-3,6-diphenylbenzene as a fine gray crystalline solid (5.85 g, 99%).

'H NMR (500 MHz, CDCls) & 7.45-7.53 (m, 10H). **F{*H} NMR (471 MHz, CDCls) & —147.58.
MS (El) m/z: found 302.1 ([M]* calc’d: 302.1 for C1gH10F4). *C NMR could not be obtained due

to poor solubility.
F, F MeO OMe
O e OO
—_—
DMI, 80 °C
F F MeO OMe

Optimized conditions for the synthesis of 1,2,4,5-tetramethoxy-3,6-diphenylbenzene. In a
nitrogen-filled glovebox, a 4 mL scintillation vial was charged with 1,2,4,5-tetrafluoro-3,6-
diphenylbenzene (25.0 mg, 82.5 umol), sodium methoxide (71.3 mg, 132 umol, 16 equiv), and
DMI (1 mL). The vial was sealed and stirred at 80 °C for 16 hours. Aqueous 1M HCI (20 mL) was
added, and the mixture was extracted with ethyl acetate (2 x 10 mL). The combined organic layers
were washed with H20 (2 x 10 mL), dried over magnesium sulfate, gravity filtered, and the solvent
was removed in vacuo to give 1,2,4,5-tetramethoxy-3,6-diphenylbenzene as a white crystalline
solid (24.9 mg, 86%). 'H NMR and MS data match the previously reported data for this
compound.®

Note: Determination of purity was performed by diluting an aliquot of the ethyl acetate extracts in
DCM for analysis by GC-MS. Conditions that were too mild yielded a mixture containing partially
fluorinated intermediates and conditions that were too harsh lead to partial in situ demethylation
of one of the methoxy substituents. In both cases, these mixtures would be challenging to purify.
The use of DMI as a solvent provided a slight improvement in product purity over NMP (94%
versus 91%, respectively). However, in both NMP and DMI, as long as no demethylation was
observed, resubjecting the worked-up product mixture to a second round of heating with additional
sodium methoxide (71.3 mg, 132 pumol, 16 equiv) at 80 °C for an additional 16 hr reliably gave
complete conversion to the tetrasubstituted product, 1,2,4,5-tetramethoxy-3,6-diphenylbenzene.
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3. Single Crystal X-Ray Diffraction

Standard single-crystal X-ray diffraction (SCXRD) data was collected at 100 K on a Bruker APEX
Il single crystal X-ray diffractometer equipped with a Mo-radiation source and a Miracol X-ray
optical collimator. Synchrotron SCXRD data was collected on Beamline 12.2.1 at the Advanced
Light Source (ALS), Lawrence Berkeley National Lab (Berkeley, CA, USA).

All data was integrated and scaled using SAINT, SADABS within the APEX2 software package
by Bruker.” Solution by direct methods using SHELXT produced a complete heavy atom phasing
model consistent with the proposed structure.®® The structures were completed by difference
Fourier synthesis with SHELXL.1%! Scattering factors are from Waasmair and Kirfel.2 Hydrogen
atoms were placed in geometrically idealized positions and constrained to ride on their parent
atoms with C—H distances in the range 0.95-1.00 A. Isotropic thermal parameters Ueq were fixed
such that they were 1.2U¢q of their parent atom Ueq for CH’s and 1.5Ueq Of their parent atom Ueq
for methyl groups. All non-hydrogen atoms were refined anisotropically by full-matrix least-
squares.

Synchrotron SCXRD of 4F-CPP. A colorless needle measuring 0.30 x 0.09 x 0.04 mm? was
mounted on a loop with oil. Data collection was 98.8% complete to 25.930° in 6. The data was
integrated as a two-component twin. The twin law is a two-fold rotation about [0 0 1] with a minor
twin fraction of 0.258(2), refined from HKLF5 data. A total of 6324 reflections were collected
covering the indices, —24 <h <22, 0 <k <10, 0 < | < 16. 6324 reflections were symmetry
independent and the Rint = 0.0408. Indexing and unit cell refinement indicated a primitive
monoclinic lattice. The space group was found to be P 21/c (No. 14).

The contribution of disordered trichloroethylene molecules to the diffraction pattern was removed
with SQUEEZE.**'5 The tetrafluorophenylene unit is disordered with an unfunctionalized
phenylene, and thus there are a total of four fluorine atoms per CPP.

SCXRD of 4MeO-CPP. A yellow needle measuring 0.60 x 0.15 x 0.09 mm?3 was mounted on a
loop with oil. Crystal-to-detector distance was 45 mm and exposure time was 180 seconds per
frame for all sets. The scan width was 0.5°. Data collection was 99.2% complete to 25° in 6. A
total of 101139 merged reflections were collected covering the indices, 68 <h <68, 14 <k <
14, —60 < | < 60. 15535 reflections were symmetry independent and the Rint = 0.1097. Indexing
and unit cell refinement indicated an F-centered orthorhombic lattice. The space group was found
tobe Fdd 2 (No. 43).

Due to extensive disorder, the diffraction abruptly fell off at a resolution of about 1A (Fig. S44).
This effect is intrinsic to these crystals and a longer exposure time or stronger radiation source
would not solve this problem. SQUEEZE analysis showed that a total of 5492 electrons where in
solvent accessible voids, the contribution of which to the diffraction pattern was then removed.**-
15 This is more than half of the electrons of the refined structure (Fo = 9728). One trichloroethylene
was found per molecule, but no other solvent molecule could be individually identified. After
removal of 116 bad peaks and linking all phenyls with SAME commands in SHEL XL, the structure
still needed additional restraints. All phenyl-phenyl distance were linked and some thermal
displacement parameters were stabilized. A disordered phenyl group was treated accordingly.
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Synchrotron SCXRD of 12MeO-CPP. A colorless shard measuring 0.20 x 0.10 x 0.10 mm?® was
mounted on a loop with oil. Data collection was 99.0% complete to 25.709° in 6. A total of 25207
reflections were collected covering the indices, —-24 <h <23, -11 <k <11, 0 <1 <47. 13026
reflections were symmetry independent and the Rint = 0.0251. Indexing and unit cell refinement
indicated a primitive monoclinic lattice. The space group was found to be P 21/a (No. 14).

SCXRD of Ruz(Phz2dhbq). A black shard measuring 0.09 x 0.06 x 0.05 mm? was mounted on a
loop with oil. Crystal-to-detector distance was 40 mm and exposure time was 20 seconds per frame
for all sets. The scan width was 0.5°. Data collection was 100.0% complete to 25° in 6. A total of
16214 reflections were collected covering the indices, —15 <h <15,-14 <k <14, -18 <1< 18.
4178 reflections were symmetry independent and Rint = 0.0744. Indexing and unit cell refinement
indicated a primitive monoclinic lattice. The space group was found to be P 21/n (No. 14).
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4. Computational Details

Geometry optimization and frequency calculations were performed in the Gaussian 16 suite of
software.'® All calculations were carried out with the B3LYP hybrid functional*”-?° and a split
basis of LANL2DZ (Ru atoms)?*2% and 6-31G* (H, C, O, and Cl atoms)®?7. Optimized
geometries were verified to be true minima by the absence of imaginary frequencies in vibrational
frequency calculations at the same level. For the ease of calculations, n®-cymene ligands on
Ru2(40-CPP) and Rus(120-CPP) have been modeled as n®-benzene.

Structural optimization of Ru2(40-CPP) was performed on structures with the following relative
positions of Cl atoms:

1. Trans (Fig. S37)

2. Cis with both Cl atoms inside of the ring (Fig. S38)

3. Cis with both CI atoms outside of the ring (Fig. S39)
Analysis of the resulting structures reveals that the trans configuration is the lowest energy of the
three configurational isomers.

Structural optimization of Rus(120-CPP) was performed on structures with the following relative
positions of the three Cl atom pairs (within each pair, the Cl atoms were in the trans configuration
based on results from Ru2(40-CPP)):

1. All Cl atom pairs oriented the same way (contains a Cs axis of rotation; Fig. S40)

2. One Cl atom pair oriented opposite to the two other pairs (no Cs axis of rotation; Fig. S41)
Analysis of the resulting structures reveals that the higher-symmetry configuration is the lower
energy of the two configurational isomers.

As discussed in the main text, bond lengths for the optimized structure of Ru2(40-CPP) fall within
the range observed in the single crystal structure of Ruz(Ph2dhbq). Similarly, the optimized
structure of Rus(120-CPP) reveals bond lengths that are within the range observed in the single
crystal structure of Ruz2(Ph2dhbq). The bond lengths in the optimized structure of Rus(120-CPP)
also closely match those of the optimized structure Ru2(40-CPP), with average bond lengths of
1.2781(3) and 1.2779(8) A for the C-O bonds and average bond lengths of 2.0794(16) and
2.0799(14) A for the Ru—O bonds, for Rus(120-CPP) and Ru2(40-CPP) respectively.

There appears to be slightly more asymmetry in the C—O and Ru—O bond lengths within the Ru—
catechol chelate ring in the singe crystal structure of Ruz(Ph2dhbq) relative to the optimized
structures of Ru2(40-CPP) and Rus(120-CPP) (Table S1). However, this lower degree of bond
asymmetry was also observed in the DFT optimized structure of Ruz2(Ph2dhbq) at the same level
of theory (Fig. S42). This asymmetry did not appear to increase in Ruz(Ph2dhbq) when
calculations were performed with larger basis sets (e.g. def2-TZVP on all atoms)?,
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Table S1. Bond lengths observed in the single crystal structure of Ruz(Ph2dhbq) compared to the
bond lengths observed in the lowest-energy DFT optimized geometries of Ruz(Ph2dhbq),
Ru2(40-CPP), and Rus(120-CPP).

Ruz(Ph2dhbq) Ruz(Ph2dhbq) Ru2(40-CPP)  Rue(120-CPP)
SCXRD DFT DFT DFT

C-O Bond 1.274(3) 1.27822 1.27719 1.27785
Lengths 1.278(3) 1.27822 1.27736 1.27786
(A) 1.27865 1.27855 1.27788
1.27865 1.27866 1.27789

1.27789

1.27794

1.27830

1.27835

1.27836

1.27845

1.27847

1.27848

Ru-O Bond 2.070(2) 2.08609 2.07860 2.07754
Lengths 2.092(2) 2.08609 2.07921 2.07769
(A) 2.09074 2.08014 2.07797
2.09074 2.08174 2.07797

2.07812

2.07824

2.08006

2.08030

2.08050

2.08119

2.08129

2.08162
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5. Supplementary Figures:
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298 K) following workup in air (lower trace) versus 4 hr after the addition of a large excess of
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Figure S24. Experimental (top) versus simulated (bottom) high-resolution ESI mass spectrum
for 4MeO-CPP ([M+H]*, C76Hs604H).
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Figure S25. Experimental (top) versus simulated high-resolution ESI mass spectrum for 4HO-
CPP with the dicatechol-substituted phenylene unit in the as-synthesized form (bottom) and
oxidized by air to the corresponding 2,5-dihydroxy-1,4-benzoquinone form (middle), ([Munox—H]~
, C72H4704; [Mox—H], C72H4504). Data was collected immediately following removal of a solution
of as-synthesized 4HO-CPP from the glovebox.
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Figure S26. Experimental (top) versus simulated (bottom) high-resolution ESI mass spectrum
for 12MeO-CPP ([M+H]*, CgsH72012H).
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Figure S27. Experimental (top) versus simulated high-resolution ESI mass spectrum for 12HO-
CPP in the as-synthesized form (middle) and with one of the dicatechol-substituted phenylene
units oxidized by air to the corresponding 2,5-dihydroxy-1,4-benzoquinone (bottom), ([Munox+K]*,
C72H48012K; [Mox+K]*, C72H46012K). The addition of KCI was used to promote ionization. Data
was collected immediately following removal of a solution of as-synthesized 12HO-CPP from the
glovebox.
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Figure S28. Experimental (top) versus simulated (bottom) high-resolution ESI mass spectrum of
12iPrS-CPP ([M+H]*, C108H120S12H).
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Figure S29. Experimental (top) versus simulated (bottom) high-resolution ESI mass spectrum of
Ruz(Ph2dhbq) ([M-CI]*, CasH3sClOsRuU?).
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Figure S30. Experimental (top) versus simulated (bottom) high-resolution ESI mass spectrum of
Ru2(40-CPP) ([M-CI]*, Co2H7204CIRu?).
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Figure S31. Experimental (top) versus simulated (bottom) high-resolution MALDI-TOF mass

spectrum of Ruz2(40-CPP) ([M]*, Ca2H7204Cl2Ruz).
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Figure S32. Experimental (top) versus simulated (bottom) high-resolution MALDI-TOF mass
spectrum of Rue(120-CPP) ([M—CI]*, C132H120012ClsRus).
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Figure S33. UV-vis spectra of 4F-CPP (left), 4MeO-CPP (right), and 4HO-CPP (bottom) in
DCM.
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Figure S34. UV-vis spectra of 12MeO-CPP (left) in DCM and 12HO-CPP (right) in DMF.
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Figure S35. UV-vis spectrum of H4sPh2dhbq in DMF.
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Figure S36. UV-vis spectra of Ruz(p-cymene)2Cls (top left), Ruz(Ph2dhbq) (top right), Ru2(40-
CPP) (bottom left), and Rus(120-CPP) (bottom right), in DCM.
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6. Supplementary DFT Optimized Geometries:

Figure S37. Optimized structure of Ru2(40-CPP) with Cl atoms in the trans configuration.
Protons omitted for clarity. Ru, CI, O, and C atoms are represented as dark green, light green, red,

and gray, respectively.

148 H 1.70809 0.45106  44.69415
E(RB3LYP): —4643.8065 Hartree C 3.75030  -0.23164  44.85639
H 5.05268 6.23067  38.17191 H 5.80254  -0.85514  44.61247
H 6.55589 8.16412  38.00699 C 9.15547 8.29661  38.95743
@) 6.87487 1.95444  38.43014 C 3.76122  -0.45180  46.32387
C 5.98451 241309  39.22505 C 8.58271 9.43042  39.56053
C 5.32191 1.36781  40.09966 C 10.55698 8.27876  38.83127
C 5.66598 3.77857  39.31866 C 3.20965 0.52795  47.16751
@) 5.74329 0.17553  39.91102 C 449015  -1.48672  46.93715
C 4.35648 1.70153  41.06715 H 7.50436 9.48178  39.67974
C 4.52908 4.06651  40.10237 C 9.37153  10.42096  40.13524
C 6.57259 4.86030  38.85829 H 11.03691 7.45418  38.31102
C 4.04570 0.84164  42.23714 C 11.34716 9.27178  39.40431
C 3.87243 3.02477  40.98049 H 2.64037 1.34379  46.73122
@) 4.05786 5.24530  40.24249 C 3.50108 0.55927  48.52627
C 7.95606 472527  39.08420 H 487879  -2.29965  46.32931
C 6.10357 6.10673  38.40699 C 476918  -1.46351  48.30143
C 2.80611 0.88194  42.90212 H 8.88790  11.21889  40.69119
C 5.09008 0.12050  42.84922 C 10.77490  10.33093  40.13307
@) 2.94516 3.48234  41.73045 H 12.42825 9.20260  39.31691
H 8.35588 3.77277  39.41702 H 3.15433 1.40586  49.11050
C 8.80223 5.82471  39.00132 C 434794  -0.39611  49.11782
C 6.95848 7.20474  38.32254 H 5.36245  -2.26759  48.72801
H 1.96294 1.37592  42.43447 C 11.56636  11.18693  41.05199
C 2.66581 0.35984  44.18724 C 493562  -0.13180  50.45623
H 6.05573 0.05173  42.35993 C 11.14694 1247540  41.43334
C 494132  -0.40330  44.12805 C 12.66177  10.63973  41.74357
H 9.84217 570585  39.29188 C 4.32874 0.73541  51.38415
C 8.31265 7.10553  38.68592 C 6.24080  -0.56481  50.75652
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Figure S38. Optimized structure of Ru2(40-CPP) with Cl atoms in the cis configuration, both
pointing inwards. Protons omitted for clarity. Ru, CI, O, and C atoms are represented as dark green,
light green, red, and gray, respectively.
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Figure S39. Optimized structure of Ru2(40-CPP) with Cl atoms in the cis configuration, both
pointing outwards. Protons omitted for clarity. Ru, Cl, O, and C atoms are represented as dark
green, light green, red, and gray, respectively.

148 C 9.02416 8.34582  38.89752
E(RB3LYP): —4643.8001 Hartree C 3.68854  -0.48011  46.36283
H 4.92540 6.22779  38.24347 C 8.45208 9.46609  39.52618
H 6.39475 8.18050  38.03225 C 10.42208 8.34912  38.73442
@) 6.84399 1.96896  38.50313 C 3.16354 0.51133  47.20993
C 5.91339 241861  39.25635 C 440027  -1.52959  46.97195
C 5.25962 1.37040  40.13633 H 7.37655 9.50243  39.67267
C 5.60280 3.78677  39.36495 C 9.24213  10.46113  40.09112
@) 5.73094 0.19135  39.98653 H 10.89950 7.53824  38.19069
C 4.31158 1.70518  41.12397 C 11.21362 9.34618  39.29878
C 4.50299 4.08319  40.19619 H 2.60709 1.33800  46.77766
C 6.48433 487377  38.86974 C 3.46595 0.53788  48.56623
C 3.98624 0.83374  42.28137 H 476458  -2.35288  46.36286
C 3.85622 3.04035  41.07844 C 469163  -1.51006  48.33388
@) 4.06220 5.26871  40.37443 H 8.76227  11.24725  40.66672
C 7.87752 4.75957  39.03373 C 10.64606  10.38918  40.05404
C 5.98526 6.11706  38.44043 H 12.29299 9.29318  39.18286
C 2.75230 0.90281  42.95623 H 3.14027 1.39131  49.15259
C 5.00345 0.06522  42.88001 C 429876  -0.43324  49.15202
@) 2.96648 3.50492  41.86875 H 527116  -2.32576  48.75745
H 8.30237 3.80773  39.33329 C 1144722  11.24352  40.96604
C 8.70822 5.86868  38.92607 C 490270  -0.17617  50.48450
C 6.82207 7.22591  38.32882 C 11.02184  12.52295  41.37039
H 1.92135 1.42464  42.49791 C 12.56028  10.69932  41.63125
C 2.60351 0.37289  44.23655 C 4.31483 0.69847  51.41760
H 5.95613  -0.04413  42.37474 C 6.20648  -0.62247  50.77092
C 484951  -0.46549  44.15547 H 10.21320  13.01354  40.83523
H 9.76122 5.76164  39.17130 C 1158116  13.15331  42.47868
C 8.19034 7.14505  38.64168 H 12.91923 9.71275  41.35349
H 1.65135 0.48847  44.74868 C 13.12260  11.33103  42.73542
C 3.67252  -0.25727  44.89596 C 5.05186 1.24009  52.46701
H 5.69662  -0.95547  44.62804 H 3.28503 1.01702  51.28400
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10.99147
12.03206
12.36556
14.83850
13.97255
7.82874
9.52655
11.58696
11.61258
11.66280

-1.32031
-0.09913
14.12137
12.53697
10.82188
1.99761
0.91620
-0.43674
12.97502
1.76720
13.42584
12.75407
2.01867
2.50405
13.60467
13.50382
12.47247
12.83826
1.48971
3.02800
2.30314
3.51926
13.73933
13.14033
12.62361
3.25400
3.84661
4.08557
12.86469
5.10090
13.50571
11.77443
6.29047
5.20925
14.39977
12.98190
11.24910
11.25590
6.25403
7.53132
4.31154
6.44925
13.47280

50.09872
51.83260
42.78865
43.23178
43.28988
53.09443
52.65155
51.98438
44.60524
53.48991
45.46517
45.17200
53.05170
54.60031
45.06745
46.83902
44.53146
46.54758
52.18666
53.61096
55.01362
55.16170
47.47602
47.42277
46.95132
53.16440
54.64128
55.99851
48.88053
54.96415
49.80434
49.35255
55.23483
54.78325
49.50675
51.07730
48.67411
50.62770
55.41118
55.15959
54.64369
54.68717
51.74558
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13.00395
14.48739
8.93375
10.87945
12.66723
12.52256
11.45484
11.13798
13.36379
10.61802
12.84191
10.45469
14.44216
9.54170
13.52739
6.95751
7.57889
8.42696
8.47377
9.11150
9.67635
9.00749
8.11469
7.91695
741717
6.70258
9.50674

6.94195
4.91466
-0.09067
0.76445
0.70935
-0.18478
1.85626
1.82768
3.07918
3.14719
4.08933
1.99760
2.07597
3.98426
2.38422
1.12932

11.79816
10.34244
8.42697
7.64623
6.48419
10.99203
8.91872
10.86334
10.15700
9.84999
9.14980
11.48810
10.26993
9.71271
8.50401
-2.11566
-1.75441
-0.63475
-0.16707
-0.05945
0.85607
-0.62430
-1.70981
-2.06106
-2.30301
-3.09840
-0.15948
-0.10394
0.09312
5.34417
5.97274
6.91927
6.98322
7.66930
8.32481
7.45353
6.54982
6.36502
5.77426
4.97902
7.94300
5.48146
4.66403

51.49014
50.91146
55.32205
54.78913
54.43141
52.63959
54.28315
52.84504
53.39702
53.64141
54.20532
52.27721
53.31974
53.66706
54.74720
36.11814
36.92932
36.71048
35.73484
37.81865
37.67665
39.12079
39.32169
40.32910
38.22632
38.39891
39.96295
38.31432
37.03160
43.28500
43.06918
42.01203
41.40281
41.64453
40.78288
42.34698
43.44128
43.94395
43.75605
44.49008
42.00257
41.58402
39.69744
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Figure S40. Optimized structure of Rus(120-CPP) with Cl atoms in the higher symmetry
configuration (contains a Cs axis of rotation). Protons omitted for clarity. Ru, Cl, O, and C atoms

are represented as dark green, light green, red, and gray, respectively.
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E(RB3LYP): —8386.3157 Hartree

4.76727
6.09649
6.99090
6.07468
5.54462
5.62017
6.09000
4.56596
4.46706
6.41393
4.38007
3.93718
3.87274
7.80831
5.82990
3.14855
5.52288
2.97375
8.29647
8.55498
6.58663
2.24079
3.08590
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6.28397
8.34358
2.17968
2.52484
1.39643
3.84831
0.26109
1.60497
3.99301
5.02621
0.69688
2.86630
5.11081
5.00534
6.24288
0.53502
0.13954
3.20060
4.08183
6.17509
7.41286
0.90655
-0.04037

38.30000
38.17083
38.37793
39.20002
40.06113
39.33754
39.84262
41.04914
40.13666
38.90507
42.20907
40.99552
40.31045
39.10287
38.51010
42.86834
42.81513
41.76570
39.39670
39.04118
38.44608
42.40689
44.13746

S53
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6.48920
5.45368
9.60699
7.95305
2.12175
4.24608
6.37510
8.70837
4.27929
8.07118
10.10458
3.48981
5.22912
6.99421
8.80236
10.62945
10.83603
2.74578
3.73501
5.81290
5.47445
8.27905
10.20826
11.91743
3.17670

0.23357
-0.42849
6.13607
7.41889
-0.11880
-0.47437
-0.74641
8.66581
-0.76694
9.74618
8.74885
-0.01330
-1.63476
9.72031
10.77982
7.96965
9.78290
0.66999
-0.01745
-2.28654
-1.63888
11.53659
10.78616
9.79041
0.66271

42.33054
44.08089
39.30839
38.77543
44.63397
44.80170
44.56000
39.05417
46.25646
39.68996
38.89926
47.14312
46.82658
39.83072
40.26699
38.35313
39.47651
46.74323
48.51274
46.18217
48.19672
40.84474
40.23783
39.36959
49.14995
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4.78230
6.24493
10.96510
5.25621
10.50180
12.08946
4.39888
6.63896
9.67623
11.04790
12.47448
12.64095
4.89843
3.32230
7.33662
7.14348
10.63165
12.08622
13.45202
4.20748
6.28227
8.21796
12.45992
6.85950
11.48063
13.75554
8.12058
6.28846
10.26679
11.74549
14.79497
14.02100
8.70768
8.91705
5.11724
7.08373
10.71588
12.98750
15.24628
10.06234
8.44268
6.46596
13.10502
9.33677
12.39004
13.78784

-0.77544
-2.29372
11.67675
-0.49110
12.94715
11.17158
-0.06231
-0.44728
13.40344
13.61903
10.18974
11.83705
0.50692
-0.13963
-0.76142
0.11464
14.57379
13.04502
11.37012
0.87499
0.66756
0.20792
13.51859
1.57151
13.90971
13.38406
1.36098
2.83187
14.15204
13.90672
13.21169
13.38162
0.22551
2.48758
3.16714
3.95657
14.14724
13.51277
13.20802
2.14125
3.81080
5.07421
13.03383
4.98850
13.60275
11.82569

49.06602
48.59476
41.15274
50.44355
41.53621
41.83140
51.47153
50.70061
40.99539
42.62982
41.57181
42.91889
52.64289
51.34016
49.92975
51.86650
42.93015
43.38467
43.46807
53.39263
52.83426
51.98600
44.74140
53.86104
45.67809
45.27094
54.44651
54.13415
45.36047
47.16725
44.54681
46.76265
54.45863
55.07274
53.74836
54.75889
47.88487
47.70705
47.08322
55.52315
55.10702
54.80608
49.10751
55.24175
50.17639
49.34862
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8.92553
10.57579
11.89434
12.25578
14.36022
13.64628

8.00192

9.65676
10.93208
11.29694
11.66694
12.82466
14.09839

9.29213
10.82402
12.19091
12.43141
11.43522
11.10196
13.28470
10.61634
12.79886
10.41041
14.33646

9.55707
13.48090

7.17096

8.27319

9.56907

8.47201

8.51524
10.29747

7.77371

8.92130
-0.37376
0.42017
0.31689
-0.55008

1.39394

1.33752
2.60066
2.71220

3.64635

1.63382

1.76248

3.46572

6.20242
497123
14.55729
12.92607
11.36251
11.15540
6.24045
7.37369
4.04992
6.14222
13.37860
11.65569
10.17367
8.30235
7.38372
6.10648
10.76049
8.63315
10.75092
9.75641
9.71388
8.71889
11.50817
9.76617
9.68581
7.93918
-0.77731
0.09252
-1.02067
-1.87103
-2.55779
0.66054
0.26724
1.19468
4.65021
5.36936
6.33325
6.32085
7.20676
7.87926
7.09806
6.17604
6.07047
5.27872
4.47394
7.68486

55.82026
54.57215
50.04177
51.38871
48.55154
50.55702
56.38639
55.62284
54.12300
54.37619
52.18289
51.58398
50.66397
56.05515
54.83988
53.76041
52.70065
54.32188
53.15884
53.19462
53.94922
53.98519
52.80013
52.92145
54.18905
54.31352
36.70007
36.45900
38.21797
38.50404
39.34051
37.03701
38.61933
40.54179
43.04611
42.88701
41.84697
41.19657
41.55323
40.70608
42.30930
43.38339
43.92261
43.62626
44.34266
42.01815
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2.15127
1.06090
4.44789
10.71245
9.00330
16.53053
8.16388
9.48581
6.23743
10.43973
7.26490
6.38819
18.73950
18.55540
18.22001
18.14081
17.90892
17.61226
17.84247
18.17433
18.52091
18.64834
8.06644
7.68913
7.42251
7.58142
7.07057
6.99392
6.96683
6.78301
7.23856
7.27276

5.08618
4.13064
5.05210
0.23080
14.77366
12.64633
0.90821
-0.03980
-0.64040
-1.04023
-1.72140
-2.29367
11.98422
12.43124
13.81662
14.41312
14.40151
15.44199
13.56240
12.18298
11.62629
10.55374
13.12841
13.68930
15.08499
15.57627
15.84118
16.91957
15.22649
15.82757
13.83410
13.38112

41.47429
39.54307
54.31126
55.01900
46.88800
45.54473
35.75186
37.19052
36.16692
38.86321
37.75605
38.04101
47.47663
46.50731
46.40452
47.30739
45.15026
45.08771
43.99940
44.07856
45.34289
45.43290
49.16637
48.31757
48.46294
49.41505
47.31705
47.39462
46.03898
45.15709
45.91853
44.93308
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7.54681
7.79340
10.09953
15.47838
17.47164
18.06715
3.64713
2.35601
3.20427
5.08155
4.56102
3.83853
1.93301
5.45852
2.55433
4.35805
3.28352
1.57073
12.22714
12.01944
13.66529
10.23670
12.83637
10.87855
12.47208
10.51552
11.32382
13.01655
9.57932
11.00815
4.09304
11.11761

13.04287
11.99320
16.91695
10.47076
13.96880
11.54299
7.14485
5.30689
4.49781
6.14972
7.09802
7.79241
6.17896
7.70717
6.23864
6.20721
5.27910
4.56416
0.91527
0.08027
0.53906
-0.54639
-0.12603
-0.74131
-1.13432
-1.71284
-1.93513
-1.20963
-2.25068
-2.64170
4.09051
1.16312

47.06156
46.95230
46.69848
45.72959
43.06417
43.21153
54.54397
53.51498
51.68294
51.55593
53.45046
55.39070
55.45335
53.48020
54.56722
52.36076
52.43178
53.58296
57.47408
56.81311
55.46268
57.90993
55.67085
57.05870
54.73076
56.09285
54.93379
53.79666
56.19978
54.17578
56.49777
52.81882



Figure S41. Optimized structure of Rues(120-CPP) with Cl atoms in the lower symmetry
configuration. Protons omitted for clarity. Ru, Cl, O, and C atoms are represented as dark green,
light green, red, and gray, respectively.
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E(RB3LYP): —8386.3109 Hartree
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4.61048
5.90381
6.87534
5.98510
5.49012
5.52813
6.03577
4.54072
4.41127
6.29401
4.38291
3.91575
3.82794
7.69423
5.67993
3.16007
5.53960
2.98837
8.20442
8.42111
6.41630
2.24273
3.11767

6.23169
8.31341
2.15394
2.48295
1.34027
3.80142
0.21091
1.52876
3.93418
4.99134
0.59784
2.79330
5.04917
498770
6.20376
0.40703
0.04905
3.11474
4.06708
6.16986
7.38597
0.77220
-0.18738

38.36768
38.22906
38.32622
39.18352
40.04650
39.35291
39.79689
41.06546
40.20465
38.90315
42.21148
41.06460
40.42309
39.05357
38.54247
42.87828
42.79777
41.88201
39.31785
38.98597
38.47268
42.43039
44.13904
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6.49915
5.49113
9.48163
7.79155
2.15939
4.29101
6.42175
8.53137
4.33869
7.89203
9.91972
3.53376
5.31091
6.82163
8.61855
10.44259
10.64703
2.77281
3.78179
5.90915
5.55923
8.09911
10.02201
11.72416
3.20856

0.16428
-0.53660
6.14374
7.40809
-0.28790
-0.60956
-0.84617
8.66253
-0.91240
9.71002
8.77965
-0.18384
-1.76029
9.65468
10.74314
8.02704
9.81353
0.48444
-0.19154
-2.39340
-1.76792
11.46817
10.78095
9.84901
0.47092

42.30389
44.05691
39.21927
38.76169
4464271
44.78799
44.52363
39.04791
46.24029
39.73463
38.85112
47.13410
46.80259
39.91125
40.31799
38.26690
39.43424
46.74102
48.50279
46.15279
48.17245
40.93804
40.24265
39.29322
49.14522
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4.84777
6.34636
10.78678
5.31357
10.31800
11.93396
4.44342
6.69414
9.47066
10.88285
12.32658
12.50084
4.92652
3.36922
7.40111
7.18238
10.45810
11.94668
13.33527
4.22530
6.30575
8.25431
12.35110
6.85669
11.42681
13.64020
8.10612
6.26962
10.28308
11.69317
14.65299
13.90649
8.70643
8.87336
5.11056
7.03655
10.73298
12.88196
15.10380
10.01074
8.38371
6.41131
12.97144
9.25733
12.22352
13.67078

-0.92815
-2.40667
11.66245
-0.64065
12.91718
11.16132
-0.22925
-0.57068
13.37159
13.57558
10.19127
11.81396
0.35311
-0.32836
-0.87233
0.00321
14.51570
13.00462
11.35058
0.71056
0.54248
0.11757
13.46132
1.46494
13.97910
13.25311
1.27391
2.72591
14.44515
13.97173
12.93891
13.24666
0.14522
2.41347
3.04762
3.86387
14.43161
13.44758
12.92841
2.08301
3.73108
4.97755
12.97949
4.92138
13.54120
11.78800

49.04931
48.56410
41.15867
50.42899
41.58178
41.79949
51.45350
50.69210
41.07439
42.67332
41.50819
42.88546
52.62489
51.31796
49.92470
51.85957
43.00070
43.39683
43.39788
53.37048
52.82067
51.98535
4474911
53.84553
45.67966
45.28200
54.46019
54.07997
45.35368
47.17307
44.56726
46.77294
54.49233
55.09907
53.65036
54.71522
47.87876
47.72121
47.09003
55.58170
55.11269
54.72638
49.12608
55.26964
50.17795
49.40469
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8.80850
10.51425
11.70906
12.07476
14.27618
13.51804

7.86978

9.52031
10.89957
11.21667
11.45564
12.66455
13.98948

9.12553
10.70514
12.12674
12.26952
11.29537
10.92834
13.13983
10.45393
12.66457
10.22330
14.19823

9.38949
13.36023

7.00729

8.10508

9.45055

8.36020

8.42675
10.14817

7.67331

8.88952
-0.28497

0.51456

0.38238
-0.51350

1.46136

1.37929

2.69890

2.84159

3.79676

1.75824

1.90422

3.56046

6.12985
4.92343
14.48107
12.87412
11.33114
11.12669
6.15313
7.31427
4.00610
6.10769
13.32199
11.61938
10.15671
8.23874
7.34250
6.08657
10.73021
8.60077
10.68708
9.76165
9.64862
8.72226
11.41276
9.80090
9.58972
7.96901
-0.76779
0.10257
-1.04457
-1.89617
-2.59705
0.65414
0.24218
1.14849
4.58213
5.29103
6.28534
6.30651
7.14667
7.84390
6.99697
6.04318
5.90784
5.15862
4.33255
7.57782

55.83129
54.63442
50.02508
51.39321
48.63121
50.61542
56.37284
55.64364
54.20124
54.44853
52.16652
51.61871
50.74536
56.05797
54.88825
53.85594
52.73868
54.36756
53.15839
53.27212
53.95340
54.06689
52.76307
53.02800
54.16209
54.42718
36.59781
36.33684
38.03573
38.34125
39.16438
36.86062
38.51393
40.40488
43.35357
43.17740
42.16903
41.55933
41.84976
41.02498
42.54744
43.58862
44.08246
43.85702
44.54530
42.23488
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2.17169
0.96730
4.41580
10.69313
8.94783
16.49346
7.97663
9.33915
6.05803
10.34076
7.13060
6.26108
17.60549
17.79387
18.55463
18.94702
18.68123
19.14717
18.07356
17.31706
17.21583
16.61025
7.50276
7.59255
8.60315
9.28500
8.77644
9.57207
7.98993
8.20710
6.97673
6.42151

5.01521
411412
4.94287
0.17594
14.85838
12.93297
0.93053
-0.04620
-0.61854
-1.07769
-1.73000
-2.30411
11.08009
11.44923
12.64061
13.16963
13.19448
14.16559
12.57129
11.37750
10.77783
9.89109
15.37481
15.73663
16.68858
17.03871
17.12317
17.81335
16.51807
16.73964
15.57247
15.08010

41.67847
39.78852
54.14651
55.11060
46.89554
45.54054
35.64741
37.02737
36.09671
38.65311
37.63381
37.93650
47.57424
46.57143
46.39839
47.25804
45.09581
44.97530
43.97642
44.17440
45.45786
45.60449
49.48190
48.46491
48.12442
48.89240
46.78604
46.53061
45.76289
4472315
46.07836
45.28970
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6.79333
6.11480
8.54679
16.27881
18.10250
16.76561
3.62519
2.35257
3.24985
5.14099
4.57116
3.79533
1.87732
5.47082
2.52584
4.39506
3.31183
1.56010
12.16540
11.96892
13.63738
10.16569
12.80498
10.82247
12.45632
10.47615
11.30468
13.01712
9.53816
11.00148
3.96943
11.15624

15.18328
14.37059
12.47921

15.33779
13.04559
10.95408
7.04750
5.18809
4.31950
5.95713
6.96316
7.71969
6.12117
7.56867
6.15023
6.04127
5.12216
4.45289
0.90484
0.05801
0.49164
-0.54732
-0.16964
-0.75864
-1.19521
-1.74804
-1.99138
-1.28777
-2.2839%4
-2.71147
4.02449
1.09572

47.43574
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Figure S42. Optimized structure of Ruz(Ph2dhbq). Protons omitted for clarity. Ru, CI, O, and C
atoms are represented as dark green, light green, red, and gray, respectively.
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7. Supplementary Crystallographic Data:

qy

P
o]

Figure S43. ORTEP of the single crystal structure of 4F-CPP. Disorder and solvent are omitted
for clarity. Thermal ellipsoids are rendered at the 50% probability level.

Table S2. Crystallographic parameters for the single crystal structure of 4F-CPP.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

C72 H44 F4
985.07
100(2) K
0.7288 A
Monoclinic
P 2i1/c
a=19.7037(19) A a=90°
b =8.3789(8) A B =108.289(3)°
c=21.004(2) A y=90°
3292.4(6) A3
2
0.994 Mg/m?
0.068 mm
1024
0.300 x 0.090 x 0.040 mm3
2.041 to 27.106°
—24<h<22,0<k<10,0<1<26
S61



Reflections collected
Independent reflections

Completeness to theta = 25.930°

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

6324

6324 [Rint = 0.0408]

98.8%

Full-matrix least-squares on F?
6324 /180 / 362

1.033

R1=0.0706, wR2 = 0.2148
R1=0.0802, wR2 = 0.2240
0.592 and —0.362 ¢ A3
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Figure S44. Example of the diffraction pattern observed while collecting the single crystal
structure of 4MeO-CPP.

CI

Figure S45. ORTEP of the single crystal structure of 4MeO-CPP with one refined
trichloroethylene solvent molecule. Thermal ellipsoids are rendered at the 50% probability level.
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Table S3. Crystallographic parameters for the single crystal structure of 4MeO-CPP.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 25.027°

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

C78 H57 CI3 O4 [+ solvent]
1164.58

100(2) K

0.71073 A

Orthorhombic

Fdd?2

a=57.683(4) A a=90°
b=12.1111(8) A B=90°
c=50.915(3) A y=90°
35569(4) A3

16

0.870 Mg/m3

0.139 mm-

9728

0.600 x 0.150 x 0.090 mmg?

2.027 to 25.027°
—68<h<68,-14<k<14,-60 <1< 60
101139

15535 [Rint = 0.1097]

99.2 %

Full-matrix least-squares on F?
15535/ 1003 / 786

1.050

R1=0.1202, wR2 = 0.3064

R1 = 0.1800, wR2 = 0.3545
0.6(2)

0.430 and —0.472 e A3
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Figure S46. ORTEP of the single crystal structure of 12MeO-CPP with two refined acetone
solvent molecules. Disorder of one acetone (O14...) is omitted for clarity. Thermal ellipsoids are

rendered at the 50% probability level.

Table S4. Crystallographic parameters for the single crystal structure of 122MeO-CPP.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

C90 H84 014
1389.57
100(2) K
0.7288 A
Monoclinic
P 21/n
a=20.514(3) A a =90°
b =9.4966(13) A B =104.097(5)°
c=239.416(6) A y=90°
7447.4(18) A3
4
1.239 Mg/m?3
0.086 mmt
2944
0.200 x 0.100 x 0.100 mm?
2.456 to 25.709°
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Index ranges
Reflections collected
Independent reflections

Completeness to theta = 25.709°

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

-24<h<23,-11<k<11,0<1<46
25207

13026 [Rint = 0.0251]

99.0 %

Full-matrix least-squares on F?
13026 / 639 / 969

1.062

R1=0.1274, wR2 = 0.2752
R1 =0.1445, wR2 = 0.2820
0.0276(17)

0.488 and -0.362 ¢ A3
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Figure S47. ORTEP of the single crystal structure of Ruz(Ph2dhbq). Thermal ellipsoids are
rendered at the 50% probability level.

Table S5. Crystallographic parameters for the single crystal structure of Ruz(Ph2dhbq).

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

C38 H38 CI2 04 Ru2

831.72

100(2) K

0.71073 A

Monoclinic

P 21/n

a=11.6451(7) A a=90°

b =10.9012(6) A B =109.990(3)°
¢ =14.0135(7) A y=90°
1671.77(16) A3

2

1.652 Mg/m?

1.104 mm

840

0.090 x 0.060 x 0.050 mm3

1.972 to 28.357°
-15<h<15,-14<k<14,-18<1<18
16214

4178 [Rint = 0.0744]
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Completeness to theta = 25.000°

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

100.0 %

Full-matrix least-squares on F?
4178/0/211

1.015

R1 =0.0307, wR2 = 0.0582
R1 =0.0525, wR2 = 0.0653
0.576 and -0.972 ¢ A3
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