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1. Methods and Materials

General Procedures. Acetonitrile CHsCN was distilled under argon atmosphere from CaH,. Butyronitrile
CHsCH,CH,CN was dried according to a previously reported procedure.® Nitromethane CH3NO,, v-
valerolactone CsHsO, and 1,2-butylene carbonate CsHsOs were dried by storing over 25% v/v pre-activated 3
A molecular sieves for two days, distillation under reduced pressure at 30°C under argon and by three freeze
pump thaw cycles to remove oxygen. The arene substrates (from commercial suppliers Acros, Alfa Aesar,
Fischer and Sigma-Aldrich) were distilled prior to use. The complex [Mn(dgpy).][PFs]s was prepared according
to a literature procedure.?

UV/Vis/NIR spectra were recorded on a Jasco V770 spectrometer using 1.0 cm cells (Hellma, Suprasil) under
inert atmosphere.

NMR spectra were recorded on a Bruker Avance DRX 400 spectrometer. The measurements were performed
at 400.31 MHz (*H), 100.05 MHz (**C{*H}), 162.04 MHz (3'P{*H}) and 376.67 MHz (**F); [CDsCN (*H, 6= 1.94)].3

ATR-IR spectra were recorded with a Bruker ALPHA Il FT-IR spectrometer with a platinum Di-ATR module
inside an argon-filled glovebox.

ESI mass spectra were recorded on a Micromass Q-TOF-Ultima spectrometer in CH3CN.

High performance liquid chromatography was performed on a Jasco 2000 series HPLC containing a UV-
2075plus detector and a reprosil 100, C18 5 um reversed phase column (250 x 4.6 mm). Measurements were
carried out at 40°C and pH 7 using a CH3CN/water gradient eluent and the product retention time was
compared with an authentic sample. The yield was determined by comparing peak areas.

Conductivities were measured with a Greisinger conductivity cell, model 6MH 3431 LFE-210 with platinum
electrodes in dry acetonitrile under inert atmosphere. The equivalent conductivity 4. was plotted as a
function of c®°. To determine Ao, A Was linearly extrapolated to infinite dilution.

Variable temperature steady-state emission spectra were recorded with a FLS1000 spectrometer from
Edinburgh Instruments equipped with the cooled, red and NIR sensitive photomultiplier detectors PMT-980
and N-G09 PMT-1700. The CW lasers RLTMDL-730-1W-3 and RLTMDL-635-1W-3 from Roithner Lasertechnik
were employed for excitation. For the sample preparation, a small amount of the solid was pressed to the
inner wall of a self-made low temperature quartz cuvette with a spatula until the glass was covered with a
thin layer of the sample. The measurements were carried out in a liquid nitrogen cooled cryostat Optistat DN
from Oxford Instruments.

fs-Transient absorption experiments were conducted using a Helios-Fire pump-probe setup from Ultrafast
Systems paired with a regeneratively amplified 1030 nm laser (Pharos, Light Conversion, 1030 nm, 200 fs,
200 pl). The effective laser repetition rate of 1 kHz was set via an internal pulse picker. A small portion of the
1030 nm fundamental was directed to the optical delay line and was subsequently used to generate
broadband probe light by focusing the beam onto a sapphire (Vis/NIR range) or CaF, (UV/Vis range) crystal.
The pump pulse was generated with an optical parametric amplifier (Orpheus-F, Light Conversion). The
samples were measured in a 1 mm quartz cuvette under argon. To cover the whole spectral region from 350
nm to 900 nm, the UV/Vis and Vis/NIR part of the transient absorption spectra were recorded separately
under identical conditions and were combined using the overlap of both datasets in the vis region (500 nm —
550 nm). The software Glotaran 1.5.1 was employed for the global analysis of the TA data.*



Photolysis experiments were conducted under argon in
airtight quartz cuvettes (1 cm) with [Mn(dgpy):][PFela
(50 uM) in dry solvents and in the absence or presence of
the substrates given. The high-power LEDs UHP-T-730-
LA34 (730 nm, 2.6 W) and UHP-T-850-LA33 (850 nm, 5.1
W) from Prizmatix were employed as collimated light
sources (for emission spectra, see Supplementary Figs. 2
and 3).°> The temperature of the solution was kept
constant at 25 °C using an Agilent Cary single cell peltier.
To monitor the reaction progress, UV/Vis/NIR absorption
spectra were recorded at regular time intervals.
Supplementary Fig. 1 shows a representative photolysis
experiment with irradiation at 730 nm. Figure 1. Photolysis experiment with
the 730 LED.

ESI mass spectra were recorded directly from the photolysis reaction without further workup. Samples for
HPLC quantification were treated with water (1 ml) and left to stand for 12 h at ambient conditions to give a
brown precipitate (likely MnO,). After filtration, the solvents were removed under reduced pressure and the
yellow residue was dissolved in CH3CN and subjected to HPLC.
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Figure 2. Normalized emission spectrum of the Prizmatix UHP-T-LA-730 LED series Ultra High Power LED (730
nm).>
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Figure 3. Normalized emission spectrum of the Prizmatix UHP-T-LA-850 LED series Ultra High Power LED (850
nm).>



Density Functional Theory (DFT) calculations were carried out using the ORCA program package® (version
5.0.1). Tight convergence criteria were chosen for all calculations (keywords tightscf and tightopt). All
calculations were performed using the B3LYP functional’® employing the RIJCOSX approximation (keyword
RIJCOSX).1%11 Relativistic effects were calculated at the zeroth order regular approximation (keyword ZORA)
level.'? The ZORA keyword automatically invokes relativistically adjusted basis sets. To account for solvent
effects, a conductor-like screening model (keyword CPCM) modeling acetonitrile was used in all
calculations.®* Geometry optimizations were performed using Ahlrichs’ polarized valence triple-zeta basis
set (def2-TZVPP).1>® Atom-pairwise dispersion correction was performed with the Becke-Johnson damping
scheme (D3BJ).1”*8 The energy of the electronic states and presence of energy minima were checked by
numerical frequency calculations. Explicit counter ions and/or solvent molecules were not taken into
account. The charge transfer number analyses of the time-dependent DFT (TDDFT)-calculated transitions
were done using TheoDORE 2.2.1920

Molecular dynamics simulations were performed using the GROMACS 2018.4 program package employing
the (optimized potentials for liquid simulations - all atom) OPLS-AA force field.?%?2 All topologies were
generated by hand. The geometry of the [Mn(dgpy).]** ion was used as computed quantum chemically.?
Mulliken charges were generated from a single point UHF calculation with a 6-31G basis using the Q-Chem
5.3.2 program package.? For the short-range interactions a cut-off of 1.2 nm was used and the long-range
Coulomb interaction was treated using the particle-mesh Ewald method,?* while for the van der Waals
interaction a dispersion correction was applied.’ Periodic boundary conditions were used and the time step
was 2 fs, which was possible because all bonds including a hydrogen atom were restrained to their
equilibrium value using the LINCS algorithm.?® The production run was prepared according to the following
protocol. After an energy minimization of the solvated system, consisting of the complex, four [PFs]” ions and
1760 acetonitrile molecules, an equilibration of 1 ns in the NVT ensemble at T = 298 K was performed using
a velocity rescaling thermostat?’ with a time constant of 0.1 ps. Afterwards, the system was simulated for 1
ns in the NPT ensemble at a pressure of 1 bar using a Berendsen barostat?® with a time constant of 2 ps and
an isothermal compressibility of 1.26x10™* bar™ yielding a box size of (5.43 nm)3. The system was then
simulated at equilibrium for 1 ps and the resulting trajectory was analyzed using the tools provided by the
GROMACS program package.



Synthesis of [Mn(dgpy):][ClOs]a: A solution of 50 mg (0.034 mmol, 1.0 eq) [Mn(dgpy).][PFels % in dry CHsCN
(3 mL) was added to a solution of 116 mg (0.34 mmol, 10 eq) ["BusN][ClO4] in dry CH3CN (2 mL). The reaction
was stirred at ambient temperature for 5 min. The product was purified by crystallization via slow diffusion
of dry diethyl ether into a concentrated solution in acetonitrile to yield dark crystals. To ensure complete
anion exchange, this procedure was repeated with another 10 eq of ["BusN][CIO,] to yield dark crystals of
[Mn(dgpy)2][ClO4]s. The absence of [PFs]™ (831 and 558 cm™) and the presence of [ClO,4]” (1075, 1042 and
1010 cm™) was confirmed by IR spectroscopy (Figure 4). IR (ATR): © / cm™ = 1576 (s), 1486(m), 1460 (m, sh),
1435 (m, sh), 1407 (w), 1380 (s), 1153 (w), 1075 (s), 1042 (s, sh), 1010 (s, sh), 938 (w, sh), 910 (m), 880 (m,
sh), 848 (w), 800 (m), 749 (w, sh), 735 (m), 707(m).
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Figure 4. ATR-IR spectra of [Mn(dgpy)2][PFels (red) and [Mn(dgpy).][ClO4]4 (black) showing the successful
[PFs]™ to [CIO4]™ counter ion exchange.



2. Analytical and Spectroscopic Data
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Figure 5. Absorption spectra of [Mn(dgpy):][PFsls (purple) and [Mn(dgpy)2][PFs]s (orange) in CHsCN.?
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Figure 6. Absorption spectra of [Mn(dgpy).][PFs]s (purple) and after addition of 1 eq [n-BusN]Cl in CHsCN after
5 min (grey) and 10 min (orange) in the dark.
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Figure 7. Luminescence spectra of [Mn(dgpy).][PFs]s after laser excitation with 635 nm at 77 K with control
measurement at 77 K (empty cuvette).
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Figure 8. Luminescence spectra of [Mn(dgpy).][PFels after laser excitation with 730 nm at 77 K.
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Figure 9. ESI* mass spectrum of the product generated from the oxidation of naphthalene CioHs (0.3 M) in
CH3CN with [Mn(dgpy)2][PFesla (2 mM) under 730 nm irradiation in the presence of 1H-pyrazole-4-carboxylic
acid ethyl ester (30 mM). The inset shows the experimental and calculated isotopic patterns of the m/z =267
([C16H15N20,]*) peak.
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Figure 10. Absorption spectra of [Mn(dgpy):][PFsls (purple: before irradiation; orange: [Mn(dgpy)2][PFsls)
during irradiation with the 730 nm LED in 0.3 M mesitylene in CH3CN for 75 min.
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Figure 11. Absorption spectra of [Mn(dgpy).][PFsls (purple: before irradiation; orange: [Mn(dgpy).][PFsls)
during irradiation with the 730 nm LED in 0.3 M toluene in CH3CN for 90 min.
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Figure 12. Absorption spectra of [Mn(dgpy):][PFsls (purple: before irradiation; orange: [Mn(dgpy)2][PFsls)
during irradiation with the 730 nm LED in 0.3 M benzene in CH3CN for 90 min.
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Figure 13. Absorption spectra of [Mn(dgpy).][PFsls (purple: before irradiation; orange: [Mn(dgpy).][PFsls)
during irradiation with the 730 nm LED in CH3CN for 135 min.
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Figure 14. Kinetic traces observed at 760 nm of [Mn(dgpy).][PFe] under irradiation with 730 nm in CH3CN
(blue), 0.3 M benzene in CHsCN (green), 0.3 M toluene in CHsCN (yellow), 0.3 M mesitylene in CHsCN (orange)
and 0.3 M naphthalene in CH3CN (red). The inset shows the reaction with naphthalene over a minute time

scale, measured in a separate experiment, demonstrating the high initial rate of this reaction.
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Figure 15. Absorption spectra of [Mn(dgpy).][PFsls (purple: before irradiation; orange: [Mn(dgpy).][PFsls)
during irradiation with the 730 nm LED in CH3CH,CH,CN for 105 min.
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Figure 16. Absorption spectra of [Mn(dgpy).][PFs]s (purple: before irradiation; grey: after 5 min irradiation)
during irradiation with the 730 nm LED in CHsNO..
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Figure 17. Absorption spectra of [Mn(dgpy).][PFsls (purple: before irradiation; grey: after 5 min irradiation)
during irradiation with the 730 nm LED in 1,2-butylene carbonate.
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Figure 18. Absorption spectra of [Mn(dgpy).][PFsla (purple: before irradiation; orange: grey 5 min irradiation)
during irradiation with the 730 nm LED in y-valerolactone.
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Figure 19. Absorption spectra of [Mn(dgpy)2][PFsls (purple: before irradiation; orange: [Mn(dgpy)2][PFsls)
during irradiation with the 850 nm LED in CHsCN for 135 min.
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Figure 20. ESI* mass spectrum of the nitrilium product generated from the oxidation of benzene CgHe (0.3 M)
in CH3CN with [Mn(dgpy).][PFes]a (1 mM) under 730 nm irradiation. The inset shows the experimental and
calculated isotopic pattern of the m/z = 118 peak ([CsHsN]*).
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Figure 21. ESI" mass spectrum of the nitrilium product generated from the oxidation of deuterated benzene
CeDe (0.3 M) in CH3CN with [Mn(dgpy)2][PFs]a (1 mM) under 730 nm irradiation. The inset shows the
experimental and calculated isotopic pattern of the m/z = 123 peak ([CsH3DsN]*).

15



%

30
25

20

It % caled. for G, H, N.O"

15 19 22
100

80

60

40

EtO0C 20
/ \® Yo 2 2 2w
N,N-H mz
m// %exp.C H, N0,
R 804
C15H19N202 601
259.14

40

204

280

0
240 250 260 270
miz

240

1
T T T T T T 1 T T T T T T T 1
245 250 255 260 265 270 275 280

miz

Figure 22. ESI* mass spectrum of the product generated from the oxidation of mesitylene (15 mM) in CH5CN
with [Mn(dgpy)2][PFela (4.5 mM) under 730 nm irradiation in the presence of 1H-pyrazole-4-carboxylic acid
ethyl ester (15 mM). The inset shows the experimental and calculated isotopic pattern of the m/z = 259 peak
([C15H19N202]%).
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Figure 23. ESI* mass spectrum of the product generated from the oxidation of benzene C¢Hg (1.3 M) in CH5CN
with [Mn(dgpy).][PFs]a (2 mM) under 730 nm irradiation in the presence of 1H-pyrazole-4-carboxylic acid
ethyl ester (30 mM). The inset shows the experimental and calculated isotopic patterns of the m/z = 217
([C12H13N20,]*) peak.
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Figure 24. ESI* mass spectrum of the product generated from the oxidation of deuterated benzene C¢Ds (1.3
M) in CH3CN with [Mn(dgpy).][PFsla (2 mM) under 730 nm irradiation in the presence of 1H-pyrazole-4-
carboxylic acid ethyl ester (30 mM). The inset shows the experimental and calculated isotopic patterns of the
m/z =222 ([C12HsDsN20,]*) peak.
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Figure 25. HPLC chromatogram of an authentic sample of ethyl 1-phenyl-1H-pyrazole-4-carboxylate as
reference in CH3CN/H,0 (red) and of the product of the 730 nm photolysis of benzene (1.3 M), 1H-pyrazole-
4-carboxylic acid ethyl ester (30 mM) and [Mn(dgpy).][PFils (4.5 mM) as limiting reagent in CHsCN. Yield (11

%) determined by comparison of peak areas.
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Figure 26. a) Decay associated difference spectra and c) evolution associated difference spectra and
corresponding decay traces b) and d) of the global fit of the TA spectra obtained upon 730 nm excitation (800
nJ / pulse) of [Mn(dgpy).][PFs]s in CHsCN (Fig. 2a of the main article). Lifetimes: 780 fs (red), 9.7 ps (orange),

1.6 ns (blue).
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Figure 27. Normalized fs-transient absorption spectra of [Mn(dgpy)2][PFs]s in CHsCN after laser excitation at

730 nm (800 nJ / pulse) and hypothetical ground state bleach spectrum obtained from the normalized
negative ground state spectrum of [Mn(dgpy)2][PFes]4 in CH3CN (black).
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Figure 28. Decay trace at 680 nm from the transient absorption spectra of [Mn(dgpy).][PFs]s in CHsCN after
excitation with 730 nm laser pulses (800 nJ / pulse)
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Figure 29. Normalized fs-transient absorption spectra of [Mn(dgpy)z][PFs]sa in CH3CN 30 ps after laser
excitation at 350 nm (400 nJ / pulse, blue) and 730 nm (800 nJ / pulse, orange), respectively.
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Figure 30. Possible mechanistic scenarios of the dynamics of the *LMCT excited state by static quenching by
hole transfer to a solvent molecule Slv (top), by ISC to the 2LMCT/2MC state followed by hole transfer to a
substrate (e.g. naphthalene as shown in the main text) to given the low-spin manganese(lll) complex (3T1)
and SCO to the high-spin manganese(lll) complex (°E) (center) and SCO to give a ’LMCT state followed by hole
transfer to a substrate S (bottom) to give the high-spin manganese(lll) complex (°E). For details, see main
article.
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Figure 31. Time-dependent DFT calculated spin-allowed transitions of the CH3CN radical cation in CH3CN (top)
of low-spin [Mn(dgpy)2]** (3T1) in CHsCN (center) and of the ®LMCT excited state of [Mn(dgpy).]** (bootom).
Color code of the stick spectra accordint to charge transfer number analysis (green: MLCT, purple: LLCT,
orange: LMCT, blue: LC, gray: MC). Gaussian bands broadened with FWHM = 80 nm.
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Figure 32. Transient absorption spectra of [Mn(dgpy).][PFe]4 in CH3NO, after laser excitation at 730 nm (800

nlJ / pulse).
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Figure 33. Absorption spectra of [Mn(dgpy).][PFs]a (purple) and after addition of 1 eq dgpy (orange) in CHsCN

in the dark.
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Figure 34. 3P NMR spectra of [Mn(dgpy).][PFs]a (top, purple: before irradiation; bottom, orange: after 120
min irradiation) during irradiation with the 730 nm LED in CD3sCN.

— 7187
- —7374

After Irradiation

Before Irradiation

{
AN e

-52 -54 -56 -58 -60 -62 -64 -66 -68 -70 -72 -74 -76 -78 -80 -82 -B4 -86 -88 -90 -92 -94 -96 -98 -100

&/ppm

Figure 35. °F NMR spectra of [Mn(dgpy).][PFsls (top, purple: before irradiation; bottom, orange: after 120
min irradiation) during irradiation with the 730 nm LED in CDsCN.
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Figure 36. Absorption spectra of [Mn(dgpy).][ClO4l4 (purple: before irradiation) during 30 min irradiation with

the 730 nm LED in CH3CN.
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Figure 37. Kinetic traces observed at 760 nm of [Mn(dgpy).][PFs]a (orange) and [Mn(dgpy):][ClO4]s (red)

under irradiation with 730 nm in CHsCN.
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Figure 38. Equivalent conductivity A. vs. c¢*/? plots of [Mn(dgpy).][PFsla (purple) [Mn(dgpy).][PFs]s (orange)
and [n-BusN][PFs] (black) in CHsCN at 293 K.
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Figure 39. Radial distribution g(r) of the four [PF¢]~ counter ions (center of mass) from the Mn center in a

molecu
(sampli

lar dynamics simulation of [Mn(dgpy)2][PFs]s in CH3CN with maxima at 0.41, 0.61, 0.73 and 0.85 nm
ng time 1 ps). The low number of [PFs]™ counter ions precludes a meaningful statistical analysis.
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Figure 40. Absorption spectra of [Mn(dgpy):][PFs]4 in the presence of 50 mM [n-BusN][PFs] (purple: before
irradiation) during irradiation with the 730 nm LED in CHsCN.
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Figure 41. Absorption spectra of [Mn(dgpy).][PFs]s in the presence of 100 mM [n-BusN][PFs] (purple: before
irradiation) during irradiation with the 730 nm LED in CHsCN.
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Figure 42. Absorption spectra of [Mn(dgpy)2][PFs]4 in the presence of 200 mM [n-BusN][PFs] (purple: before
irradiation) during irradiation with the 730 nm LED in CHsCN.
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Figure 43. Kinetic traces observed at 760 nm of [Mn(dgpy).][PFs]s in the presence of 0, 50, 100 and 200 mM
[n-BusN][PF¢] (in red, orange, yellow and green) under irradiation with 730 nm in CH3CN.
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Figure 44. Transient absorption spectra of [Mn(dgpy)2][PFs]s in CH3CN in the presence of 100 mM [n-
BusN][PFe]4 after excitation with 730 nm laser pulses of ca. 200 fs duration (800 nJ / pulse).
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Figure 45. Absorption spectra of [Mn(dgpy).][PFela (purple: before irradiation; orange: after 45 min
irradiation) during irradiation with the 730 nm LED in CH3sCN/o-dichlorobenzene 1:1 v/v.
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Figure 46. Absorption spectra of [Mn(dgpy).][PFe]a (purple: before irradiation; orange: after 45 min

irradiation) during irradiation with the 730 nm LED in CH3sCN/o-dichlorobenzene 1:2 v/v.
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Figure 47. Kinetic traces observed at 760 nm of [Mn(dgpy).][PFe] under irradiation with 730 nm in CH3CN

(red), CH3CN/o-dichlorobenzene 1:1 v/v (orange) and CH3CN/o-dichlorobenzene 1:2 v/v (yellow).
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Figure 48. Radial distribution g(r) of CH3CN molecules (center of mass) from the Mn center in a molecular
dynamics simulation of [Mn(dgpy):][PFe]4 in CH3CN with maxima at 0.39, 0.60, 0.85, 1.23 and 1.68 nm
(sampling time 1 ps). The number of CHsCN molecules n(r) up to a distance r is given by

tr) = p- (4m) - [ dr'("Palr)

, with the particle density p=1761/160.1 nm™ =11 nm™3,

giving n(4.25 A) = 0.9; n(6.28 A) = 2.7 and n(10.20 A) = 41.6.
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3. Cartesian coordinates of DFT-UKS calculated geometries

[Mn(dgpy)2]** (quartet ground state)?
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{IMn(dgpy)2] / naphthalene}** (lowest energy doublet state)
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