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Experimental Details

General Considerations. All reactions were performed under anaerobic and anhydrous conditions
using a Vacuum Atmospheres glovebox or Schlenk techniques unless otherwise specified. All
solvents were dried using a Pure Process Technology Solvent Purification System and/or activated
3A molecular sieves. Acetonitrile (MeCN), tetrahydrofuran (THF), diethyl ether (Et20), pentane,
and hexanes were also degassed on a high-vacuum Schlenk line with at least three freeze-pump-
thaw cycles and stored in a Ne-filled glovebox. Deuterated solvents were purchased from
Cambridge Isotope Labs. THF-ds was used as received; CDsCN was degassed and stored over 3A
molecular sieves under N2 atmosphere unless otherwise noted.

5-(Trifluoromethyl)-5H-dibenzo[b,d]thiophen-5-ium trifluoromethanesulfonate  ([DBT-
CF3]OTf), 5-(trifluoromethyl)-5H-thianthren-5-ium trifluoromethanesulfonate ([Thi—-CFs]OTf),
diphenyl(trifluoromethyl)sulfonium trifluoromethanesulfonate ([Ph2S—-CF3]OTf), 3-methyl-1H-
indole, and N-fluorobenzenesulfonimide (NFSI) were purchased from Ambeed, Inc. and used as
received. lodine (l2, resublimed crystals), 2,2,6,6-tetramethylpiperidine-N-oxyl radical (TEMPO),
and potassium bromide (KBr) were purchased from Fisher Scientific or Sigma-Aldrich and used
as received. N-iodosuccinimide (NIS) was purchased from Sigma-Aldrich and recrystallized from
1,4-dioxane/CCls to give a white crystalline solid. Cobaltocene was purchased from Strem
Chemicals and sublimed under high vacuum at 50-60 °C prior to use. Ferrocene (Fc) was
purchased from Sigma-Aldrich and recrystallized from hexanes prior to use. Tetra-n-
butylammonium hexafluorophosphate (["BusN][PFs]) was purchased from Sigma-Aldrich,
recrystallized from ethanol, and dried under vacuum for at least 48 h prior to use. [CpCo(*"opda)]
1 was synthesized according to literature procedure.*

All NMR spectra were collected at 25 °C unless otherwise noted. *H and **C{*H} NMR spectra
were recorded using Bruker 500 MHz NMR spectrometer. The chemical shifts of *H, 13C nuclei
are reported in ppm and referenced to the residual solvent peaks (*H NMR) or the characteristic
resonances of the solvent nuclei (**C{*H} NMR) as internal standards. All 1°F NMR spectra were
referenced to fluorobenzene (0 = —113.15 ppm). Electronic absorption spectra were recorded on
an Agilent Cary 60 UV-vis spectrophotometer with Cary WinUV software using a 1 cm path length
quartz cuvette. Infrared (IR) spectra were recorded on a Bruker Vertex 80 FT-IR spectrometer with
a liquid nitrogen cooled MCT detector. High resolution mass spectra (HRMS) were collected using
an electrospray ionization (ESI) source on positive ion mode with a Xevo™ G2-XS QTof mass
spectrometer. Continuous wave EPR spectra were recorded at ambient and liquid nitrogen
temperatures on an X-band Bruker EMXPIlus spectrometer equipped with an EMX standard
resonator and a Bruker PremiumX microwave bridge. The spectra were simulated using EasySpin
for MATLAB.?

Electrochemistry. Cyclic voltammetry (CV) studies were performed using a BASi Epsilon
EClipse potentiostat, and the data were processed using BASi Epsilon-EC software (version
2.13.77). All experiments were performed under N2 in a 20 mL glass vial with a glassy carbon
(GC) working electrode (3 mm diameter, BASI), Pt wire counter electrode, and Ag/AgNOs
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reference electrode. The GC electrode was polished with alumina (0.05 um, BASI) prior to use.
All potentials are referenced to the Fc*’° couple using ferrocene (Fc) as an internal standard.

Spectroelectrochemistry (SEC). SEC data were recorded on an Agilent Cary 60 UV-vis
spectrophotometer using a Specac® Omni Cell with PTFE spacer (ca. 0.2 mm) under N2. Sample
solutions were prepared in MeCN with ["BusN][PFs] (0.2 M) and cobalt complex (4 mM). The Pt
mesh working electrode, Pt mesh counter electrode, and Ag wire pseudo-reference electrode
(BioLogic) were placed in the thin-layer solution. The Pt electrodes were cleaned with HNO3 prior
to use. UV-vis SEC was carried out using linear sweep voltammetry at 1 mV/s while acquiring
UV-vis spectra from 1000-200 nm at fast scan rate (4800 nm/min).

X-ray Crystallography. Single crystal X-ray diffraction (SC-XRD) frames were collected on a
Rigaku XTALab Synergy-S single crystal diffractometer equipped with a HyPix-6000HE area
detector (hybrid photon counting) using a Kappa 4-circle goniometer with a Cu/Ka radiation (1 =
1.54184 A). Crystals were mounted on a cryo-loop under a mixture of paraffin and Paratone-N oil,
and all data were collected at 100 K using an Oxford nitrogen gas 800 Series cryostream system
(Rigaku). The X-ray data were corrected for Lorenz effects and polarization. Multi-scan or
Gaussian absorption correction was applied in the SADABS? or CrysAlisPRO* program. The
structures were solved by an intrinsic phasing method with SHELXT.® All non-hydrogen atoms
were refined with SHELXL® based on Fobs?. All hydrogen atom coordinates were calculated with
idealized geometries. Scattering factors (fo, f', f') are as described in SHELXL. Additional
crystallographic data and final R indices are given in Tables S2. All structures have been deposited
into the Cambridge Structural Database (CCDC 2286968-2286970).

Computational Details. All calculations were performed within the Gaussian 16 Revision A.03
package’ using the def2-TZVPP basis set for Co and the def2-TZVP basis set for all other atoms.®
Initial geometry for optimization was obtained from the coordinates of the crystal structure of 3.
The ground-state structure was optimized in the gas phase on an ultrafine grid with the opt = tight
keyword. Harmonic vibrational frequency calculation was performed to ensure no imaginary
frequencies were present for the optimized structures. Spin density diagram was visualized on a
grid of 802 points within GaussView 6.0.16 at an isovalue of 0.005.
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Synthesis and Characterization
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[CpCo(Pbqdi)(CF3)]OTf (2). An oven-dried 20 mL vial with a stir bar was charged with
[CpCo(Propda)] 1 (31 mg, 99 umol), [DBT-CFs]OTf (38.5 mg, 96 umol), and dry MeCN (5 mL).
The red mixture was stirred for 30 min, and the solvent was evaporated under vacuum. The
remaining solid was washed with hexanes (3 x 2 mL) and recrystallized by layering Et2O/hexanes
(8 mL/8 mL) upon a cobalt solution (0.8 mL) in MeCN at —35 °C. A light red supernatant was
removed by pipette, and a dark red crystalline solid was washed with hexanes and dried under
vacuum. Complex 2 is stable as a solid or in solution over extended time periods. Isolated yield:

48.5 mg, 95%. Red block single crystals suitable for X-ray diffraction were obtained via layering
Et2O/pentane (1:1) upon a cobalt solution in MeCN at —35 °C.

'H NMR (CD3CN, 25 °C, 500 MHz) ¢ 7.31-7.27 (m, 2H, Ar-H), 7.01-6.97 (m, 2H, Ar-H), 5.78 (s,
5H, CsHs), 4.89 (hept, 3J = 7.0 Hz, 2H, CH), 1.75 (d, 3J = 7.1 Hz, 6H, CHs), 1.50 (d, 3J = 7.0 Hz,
6H, CHs). BC{*H} NMR (CDsCN, 25 °C, 126 MHz) ¢ 170.2 (C=N), 133.4 and 122.3 (CaromH),
93.6 (CsHs), 67.3 (CakyiH), 22.7 and 22.6 (CHs). 1°F NMR (CD3CN, 25 °C, 471 MHz) 6 -7.03 (s,
3F, CFa), -78.27 (br s, 3F, SO3CF3). UV-vis (MeCN, Mt.cm™): 207 nm (e = 26,540), 248 nm (¢
=13,380), 285 nm (sh, € = 6,080), 409 nm (& = 6,370), 518 nm (br, € = 2,820). FT-IR (KBr pellet,
cm1): 3100 (m), 2985 (w), 2946 (w), 2886 (w), 1656 (w), 1625 (w), 1551 (w), 1534 (w), 1461
(m), 1427 (m), 1375 (m), 1270 (s, br), 1225 (m), 1160 (s), 1122 (m), 1032 (s, br), 951 (w), 895
(w), 863 (m), 836 (w), 808 (w), 758 (m), 709 (w). HRMS: Calcd for C1sH23CoFsN: ([2 — OTf]*):
m/z 383.1140. Found: m/z 383.1126.

[CpCo(Prs-bqdi)(CF3)] (3). An oven-dried 20 mL vial with a stir bar was charged with 2 (22 mg,
41 pmol), cobaltocene (7.5 mg, 40 umol), and dry MeCN (4 mL). The red-brown mixture was
stirred for 10 min, and the solvent was evaporated under vacuum. The product was extracted into
hexanes, filtered through a Celite column, and dried under vacuum. Further purification was
performed through recrystallization by slow pentane evaporation at —35 °C. Complex 3 is stable
as a solid or in solution over extended time periods. Isolated yield: 13.8 mg, 91%. Dark block
single crystals suitable for X-ray diffraction were obtained via slow evaporation of a cobalt
solution in pentane at —35 °C.
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UV-vis (MeCN, M t.cm™): 223 nm (¢ = 27,550), 306 nm (¢ = 7,680), 401 nm (& = 9,510), 482
nm (& = 2,890), 551 nm (sh, € = 2,270), 753 nm (sh, € = 860), 844 nm (e = 1,200), 961 nm (& =
1,240). FT-IR (KBr pellet, cm™): 3110 (w), 3076 (w), 2977 (m), 2934 (m), 2875 (w), 1656 (w),
1619 (w), 1570 (w), 1525 (m), 1462 (m, br), 1406 (w), 1383 (w), 1363 (m), 1341 (m), 1312 (m),
1261 (w), 1178 (w), 1155 (s), 1115 (s), 1051 (s, br), 1016 (S), 997 (s), 839 (m), 806 (m), 728 (s),
704 (w), 695 (w). HRMS: Calcd for CisH23CoFsN2 ([3]**): m/z 383.1140. Found: m/z 383.1199.
Effective Magnetic Moment: pett = 1.86 uB (Evans method).

&

/LN/C\ T
oy
[CpCo(P bqdi)(N]Iz (5). An oven-dried Schlenk flask with a stir bar was charged with 1 (12.7 mg,
40 pmol) and THF (5 mL) in the N2-filled glovebox. Under N2 flow, iodine (l2, 22.8 mg, 90 pmol)
was added as a dark crystalline solid. The dark pink solution turned dark brown in seconds, and
the mixture was stirred for another hour. Solvent and excess I2 were removed under vacuum. The
remaining dark brown solid was washed with Et.O and dried under vacuum. The crude product
was further purified by recrystallization from THF/hexanes. Isolated yield: 31.7 mg, 95%. Dark

block single crystals suitable for X-ray diffraction were obtained via layering hexanes upon a
cobalt solution in THF/Et20 at —35 °C.

IH NMR (CDsCN, 25 °C, 500 MHz) 6 7.31-7.28 (m, 2H, Ar-H), 6.91-6.87 (m, 2H, Ar-H), 5.84 (s,
5H, CsHs), 5.32 (hept, 3] = 6.9 Hz, 2H, CH), 1.90 (d, 3J = 7.0 Hz, 6H, CH3), 1.71 (d, 3J = 7.0 Hz,
6H, CH3). 'H NMR (THF-ds, 25 °C, 500 MHz) 6 7.45-7.43 (m, 2H, Ar-H), 6.96-6.94 (m, 2H, Ar-
H), 6.06 (s, 5H, CsHs), 5.41 (hept, 3] = 6.9 Hz, 2H, CH), 2.04 (d, 3] = 7.0 Hz, 6H, CHz), 1.80 (d,
3J =7.0 Hz, 6H, CH3). BC{'H} NMR (THF-ds, 25 °C, 126 MHz) § 170.9 (C=N), 133.5 and 122.0
(CaromH), 90.5 (CsHs), 67.7 (CakyiH), 25.7 and 25.6 (CHs).
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X-ray Data and Structures

X-ray Crystallographic Data

Table S1. Selected angles (°) and bond lengths (A) for complexes 2, 3, and 5.

2 3 5
N1-Col-N2 83.5(2) 84.01(6) 82.70(13)
Col-N1 1.899(3) 1.9057(16) 1.946(3)
Col-N2 - 1.8990(15) 1.908(3)
Col-CF3/I 1.956(6) 1.924(2) 2.5875(6)
Co1-Cpeentroid 1.709 1.745 1.709
N1-Cl 1.311(5) 1.346(2) 1.316(5)
N2-C6 - 1.343(2) 1.303(5)
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Table S2. Crystal data and structure refinement for complexes 2, 3, and 5.

2 3 5

CCDC Number 2286969 2286970 2286968
Empirical formula C19H23CoFsN203S  CisH23CoF3N2 C17H23ColaN2
Formula weight 532.39 383.31 821.93
Temperature (K) 100(2) 100(2) 100(2)
Wavelength (A) 1.54184 1.54184 1.54184
Crystal shape, color Block, red Block, black Block, black
Crystal size (mm?3) 0.17 x 0.06 x 0.04 0.23x0.07 x0.05 0.11 x 0.06 x 0.03
Crystal system Orthorhombic Monoclinic Monoclinic
Space group Pmn2; P21/n P21/n
a (A) 10.9754(5) 9.2280(3) 8.55250(7)
b (A) 9.2478(5) 18.9005(6) 11.72077(9)
¢ (A) 11.0627(5) 10.1686(3) 22.80175(18)
a (deg) 90 90 90
p (deg) 90 108.165(3) 97.4775(7)
y (deg) 90 90 90
Volume (A3) 1122.85(9) 1685.16(10) 2266.25(3)
Z 2 4 4
Density (calculated) (Mg/m®)  1.575 1.511 2.409
Absorption coefficient (mm™) 7.541 8.278 48.731
Max. and min transmission 1.000 and 0.5585  1.000 and 0.290 1.000 and 0.527
F(000) 544 796 1512
Reflections collected 14152 22800 30732
Independent reflections 2204 3139 4620
Completeness to 0 = 67.684°  100.0% 100.0% 100.0%
Restraints / parameters 1/159 0/221 1/225
R(int) 0.0365 0.0391 0.0478

: o R1=0.0340 R1=0.0306 R1=0.0284
FinalRindices [I>20(D] R, 200853  WR.=00719  wR:=0.0759

Largest diff. peak and hole (e
A3

Goodness-of-fit on F2

Flack parameter

0.622 and -0.685

1.088
-0.029(3)

0.720 and -0.266
1.052

1.500 and -1.202
1.058
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X-ray Structures

Figure S1. Single crystal X-ray structure of 2 shown with 30% probability ellipsoids. Hydrogen
atoms are omitted for clarity. Selected bond distances (A): Col-Cpeentroid = 1.709; Col-N1 =
1.899(3); Col-C10 = 1.956(6); N1-C1 = 1.311(5); C1-C2 = 1.437(6); C1-C1’ = 1.468(8); C2—
C3=1.348(6); C3—C3” = 1.435(11). Selected angles (°): N1-Col-N1" = 83.5(2).

Figure S2. Single crystal X-ray structure of 3 shown with 50% probability ellipsoids. Hydrogen
atoms are omitted for clarity. Selected bond distances (A): Col-Cpeentroia = 1.745; Col-N1 =
1.9057(16); Col-N2 = 1.8990(15); Co1-C18 = 1.924(2); N1-C1 = 1.346(2); N2-C6 = 1.343(2);
C1-C2 =1.420(3); C1-C6 = 1.449(3); C2-C3 = 1.375(3); C3—-C4 = 1.404(3); C4-C5 = 1.371(3);
C5-C6 = 1.424(3). Selected angles (°): N1-Col1-N2 = 84.01(6).
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Figure S3. Single crystal X-ray structure of 5 shown with 50% probability ellipsoids. Hydrogen
atoms are omitted for clarity. Selected bond distances (A): Col-Cpeentroid = 1.709; Col—I1 =
2.5875(6); Co1-N1 = 1.946(3); Col-N2 = 1.908(3); N1-C1 = 1.316(5); N2-C6 = 1.303(5); C1-
C2 =1.454(5); C1-C6 = 1.472(5); C2-C3 = 1.349(6); C3—-C4 = 1.438(6); C4-C5 = 1.353(5); C5—
C6 = 1.446(5). Selected angles (°): N1-Col-N2 = 82.70(13).
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NMR Data
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Figure S4. 'H NMR spectrum of 2 in CDsCN.
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Figure S5. 3C{*H} NMR spectrum of 2 in CDsCN. The signal of the CFz moiety is not visible
due to coupling with the quadrupolar °Co nucleus and the *°F nuclei.
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Figure S6. 1°F NMR spectrum of 2 in CD3CN.
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Figure S7. Magnetic moment measurement of 3 by Evans method in CD3CN at 25 °C with 1,3,5-
trimethoxybenzene as the internal standard. [3] = 0.039 M, Af = 119 Hz, f= 500.15 MHz, peft =
1.86 uB.
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Figure S8. Monitoring the reaction of 1 and 1 equiv. [Thi—-CF3]OTf in CD3CN by 'H NMR over
42 h. #=1.* = 2. Percentages of 1 and 2 based on integrations of the corresponding Cp signal.
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Figure S9. Monitoring the reaction of 1 and 1 equiv. [Thi-CFs]OTf in CD3CN by °F NMR over
42 h. + = [Thi-CFs]*. * = 2.
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Figure S10. Monitoring the reaction of 1 and 1 equiv. [Ph2S-CF3]OTf in CD3CN by *H NMR
over 18 days. # = 1. * = 2. Percentages of 1 and 2 based on integrations of the corresponding Cp
signal.
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Figure S11. Monitoring the reaction of 1 and 1 equiv. [Ph2S-CF3]OTf in CD3CN by °F NMR
over 18 days. 1 = [Ph2S-CFs]*. * = 2.
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Figure S12. *H NMR spectrum for the reaction of 1 with [DBT-CF3]OTf and TEMPO in CD3CN.
#=1.*=2. ¢ =[1-MeCNJ]?. } = dibenzothiophene.
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Figure S13. °F NMR spectrum of the mixture of 1 with [DBT-CF3]OTf and TEMPO in CDsCN.
* = 2. o = TEMPO-CFs. 1 = [DBT-CFs]*. A relaxation delay of at least 6 seconds was used for
acquiring °F NMR spectra.
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Figure S14. *'H NMR spectrum for the reaction of 1 with 2.2 equiv. [DBT-CF3]OTf and 2.4 equiv.
3-methyl-1H-indole in CD3CN. * = 2. ¢ = [1-MeCN]?*. o = 3-methyl-2-(trifluoromethyl)-1H-
indole. ¥ = [DBT-CFs]* or dibenzothiophene. % = 3-methyl-1H-indole.
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Figure S15. 1°F NMR spectrum of the mixture of 1 with 2.2 equiv. [DBT-CFs]OTf and 2.4 equiv.
3-methyl-1H-indole in CD3CN. * = 2. o = 3-methyl-2-(trifluoromethyl)-1H-indole. ¥ = [DBT-
CF3]*. A relaxation delay of 6 seconds was used for acquiring *°F NMR spectrum.
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Figure S16. 'H NMR spectrum of 4 in CD3CN at -25 °C, synthesized in-situ via reaction of 1 and
NFSL ¢ = [1-MeCNJ?*. x = NFSI.
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Figure S17. °F NMR spectrum of 4 in CD3CN at —25 °C, synthesized in-situ via reaction of 1 and
NFSI. This chemical shift is comparable to the reported CpCo—F analogues.®
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Figure S18. Monitoring the reaction of complex 1 and 1.2 equiv. NFSI in CDsCN at —25 °C by
'H NMR over 24 h. » = 4. ¢ = [1-MeCN]?*. Percentages of 4 and [1-MeCN]?** based on
integrations of the corresponding Cp signal. The NMR solution was cooled in a dry ice/o-xylene
bath before sample injection and kept at —25 °C between spectrum acquisition. ¢ = CpD.
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Figure S19. 'H NMR spectrum of 5 in THF-ds.
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Figure S20. 13C{*H} NMR spectrum of 5 in THF-ds. { = THF. # = unknown.
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Figure S22. Monitoring the reaction of complex 1 and 2.2 equiv. I2 in CD3CN by *H NMR over
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Figure S24. 'H NMR spectrum for the mixture of trityl tetrafluoroborate and freshly prepared 4.
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Electronic Absorption Spectra
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Figure S26. Electronic absorption spectra of 1 and 2 in MeCN. (a) Electronic absorption spectra
of isolated 2 and 3 in MeCN. (b) UV-vis SEC studies of 2 (orange trace) in MeCN in 0.2 M
["BusN][PFs] employing Linear Sweep Voltammetry to scan to negative working electrode
potentials at scan rate (1 mV/s).
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Cyclic Voltammetry (CV) Studies

Table S3. Electrochemical parameters for 2 in MeCN (V versus Fc*°, 0.1 M ["BusN][PFs] as the

supporting electrolyte).

First 1e- Reduction Feature

v (VIs)
Epa Ep.c AEp Eir ip.c/ip.a

0.025 -0.589 -0.655 0.066  -0.622 1.02
0.050 -0.589 -0.655 0.066  -0.622 1.01
0.100 -0.592 -0.658 0.066  -0.625 1.00
0.200 -0.588 -0.660 0.072  -0.624 0.98
0.400 -0.583 -0.662 0.079  -0.623 0.99
0.800 -0.576  -0.670  0.094  -0.623 1.02

0.1205 | -0.563 -0.683 0.120 -0.623 1.03
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Figure S27. Left: Cyclic voltammograms for 2 (1 mM) in MeCN with 0.1 M ["BuaN][PFe] as
supporting electrolyte at various scan rates. Right: Plots of peak current versus v/ for the first 1e~

reduction.
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Figure S28. CV studies of 2 (1 mM) in MeCN with 0.1 M ["BusN][PFs] as the supporting
electrolyte at 100 mV/s.
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Figure S29. CV studies of three CFs* reagents and NFSI (1 mM) in MeCN with 0.1 M ["BusN][PFe]
as the supporting electrolyte at 100 mV/s. Although not shown here, a second reduction feature
for NFSI was observed at Epc = -2.20 V.
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Mass Spectra
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Figure S30. Mass spectra of (a) 2 and (b) 3 collected using an electrospray ionization (ESI) source
on positive ion mode.
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Electron Paramagnetic Resonance (EPR) Spectra
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Figure S31. Experimental (solid line) and simulated (dashed blue) EPR spectra of 3 (1.65 mM) in
toluene at 77 K. gx= 1.9863, gy = 1.9902, g, = 1.9940. A(**N) = 14.8, 18.7, 19.0 MHz, A(**N’) =

1.9, 24.9, 28.7 MHz, A(**Co) = 55.7, 17.5, 126.6 MHz. Linewidth = 0.7 mT.
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Infrared (IR) Spectra
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Figure S32. IR Spectra of complexes 1-3 (KBr pellet) in the region of 3300-670 cm™.
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Figure S33. IR Spectra of complexes 1-3 (KBr pellet) in the region of 1700-670 cm.
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DFT Computational Results

Spin Density Map of 3

Figure S34. Mulliken spin density plot (isovalue = 0.005) of [CpCo(**'s-bqdi)(CF3)] 3 using
BP86/def2TZVP(C,H,N,0)/def2TZVPP(Co).
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Optimized Cartesian Coordinates

3 (Spin = 1/2)
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