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1. Materials.

All chemicals and solvents were obtained from commercial vendors and were ACS reagent-grade
or better and used as received, except for 9,10-dihydroanthracene (DHA) which was recrystallized from
ethanol.! All solvents were dried and degassed according to published procedures.! H,'*O (97% '*O-
enriched) was purchased from ICON Services Inc. (Summit, NJ, USA). ds-DHA was synthesized as

previously reported.”

2. Synthesis and characterization of [Mn"(N4py)(OTf)](OTf) and [Mn""(0)(N4py)1**.

Preparation of Complexes. The synthesis of the N4py ligand was performed according to a
previously described pr()Cf:durf:.3'4 The triflate salt of 1, [MnH(N4py)(OTf)](OTf), was synthesized by
reacting the N4py ligand (N4py = N,N-bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine) with
Mn"(OTf), in an acetonitrile (CH;CN) solution in a 1:1 molar ratio overnight in a dry-box as previously
reported.” The resulting solution was filtered and purified by recrystallization with diethyl ether. Single
crystals suitable for X-ray analysis were obtained by slow diffusion of diethyl ether to a solution of 1 in
acetonitrile (overall yield 90%). Elemental analysis for [MnH(N4py)(OTf)](OTD-O.SCH3CH20H:
MnC6H24N506 5F6S, cale. (%): C 42.00, H 3.25, N 9.42; found (%): C 42.16, H 3.61, N 9.68.
Elemental analysis was performed by Columbia Analytical Services, Tuscon, Arizona.

The [Mn'"'(O)(N4py)]** complex (2) was prepared by adding 2.5 equivalents (2.2 mg, 0.01 mmol) of
iodosylbenzene (PhIO) to a 2 mM (2.9 mg, 0.004 mmol) solution of 1(OTf), in 2,2,2-trifluoroethanol
(CF;CH,0H) at 25 °C under an Ar atmosphere. The formation of the new green species 2 was complete
in 10 minutes with the formation of a broad electronic absorption band at 950 nm and weak shoulders at
600 and 450 nm. Complex 2 was less stable under an Ar atmosphere (¢;, = 0.5 h at 25 °C) than in air
(t12=2.75 h at 20 °C). Electronic absorption spectra were obtained on either a Varian Cary 50 Bio or an
Agilent 8453 spectrophotometer, both of which were interfaced with a Unisoku cryostat (USP-203-A)

capable of maintaining temperatures between 150 and 373 K.
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X-ray Crystallography of  [Mn"(N4py)(OTH](OTY). Yellow crystals of
[Mn(C,3H21N5)(O3SCF3)]2[O3SCF3][ClO4] are, at 100(2) K, monoclinic, space group P2; — C’ (No. 4)6
with a = 10.178(3) A, b = 19.832(5) A, ¢ = 14.229(4) A, P = 107.156(4)°, V = 2744(1) A’ and Z = 2
formula units {degea = 1.684 g/em’; po(MoKa) = 0.728 mm™}. A full hemisphere of diffracted
intensities (1850 10-second frames with an ® scan width of 0.30°) was measured for a single-domain
specimen using graphite-monochromated MoK radiation (A= 0.71073 A) on a Bruker SMART APEX
CCD Single Crystal Diffraction System.” X-rays were provided by a fine-focus sealed x-ray tube
operated at 50 kV and 30 mA. Lattice constants were determined with the Bruker SAINT software
package using peak centers for 7778 reflections. A total of 25171 integrated reflection intensities having
26((MoKo)< 58.36° were produced using the Bruker program SAINT;® 13119 of these were unique and
gave Riy = 0.058 with a coverage which was 92.7% complete. The data were corrected empirically for
variable absorption effects using equivalent reflections; the relative transmission factors ranged from
0.926 to 1.000. The Bruker software package SHELXTL was used to solve the structure using “direct
methods” techniques. All stages of weighted full-matrix least-squares refinement were conducted using
F,” data with the SHELXTL Version 6.10 software package.’

The final structural model incorporated anisotropic thermal parameters for all nonhydrogen
atoms and isotropic thermal parameters for all hydrogen atoms. All hydrogen atoms were included in
the structural model as idealized atoms (assuming sp’- or sp>-hybridization of the carbon atoms and C-H
bond lengths of 0.95 - 1.00 A). The isotropic thermal parameters of all hydrogen atoms were fixed at
values 1.2 times the equivalent isotropic thermal parameter of the carbon atom to which they are

covalently bonded. A total of 784 parameters were refined using 1 restraint, 13119 data and weights of
w=1/ [GZ(FZ) + (0.0580 P)z] where P = [FO2 + 2FC2] / 3. Final agreement factors at convergence are:
Ri(unweighted, based on F) = 0.060 for 10673 independent absorption-corrected “observed” reflections
having 26(MoKa) < 58.36° and I > 20(I); R;(unweighted, based on F) = 0.074 and wR,(weighted,
based on F*) = 0.125 for all 13119 independent absorption-corrected reflections having 20(MoKar) <

58.36°. The largest shift/s.u. was 0.000 in the final refinement cycle. The final difference map had

o 3
maxima and minima of 0.88 and -0.44 e/A , respectively. The absolute structure was determined
experimentally using anomalous dispersion of the x-rays; the Flack absolute structure parameter refined

to a final value of 0.00(2).
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The asymmetric unit contains two [Mn(C,3H;Ns)(O3;SCF;)]* cations, one (O3;SCF;)” anion and one
(ClO4)" anion. The (ClO4) anion was introduced in one of the final steps in the ligand synthesis when
the N4py perchlorate salt is isolated.” CCDC-885972 contains the supplementary crystallographic data
for [Mn(N4py)(OTf)](OTf). This data can be obtained free of charge from the Cambridge

Crystallographic Data Centre via www.cccdc.cam.ac/data_request/cif.

Table S1. Crystal data and structure refinement for [Mn(C3H21N5)(O3SCF3)]2[O3SCF;][ClO4].

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
y4

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.18°
Absorption correction

Max. and min. transmission
Refinement method

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

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

Absolute structure parameter

Largest diff. peak and hole

Ri=XIIFyl - IF Il / 2 IF,|

2 2.2 2.2
wRy={ X [WFqy -Fc) 1/ Z[WFy) 1}

C4oH4,CIFoMnyN 1901353
1391.44

100(2) K
0.71073 A
Monoclinic

P2, — C,* (No. 4)
a=10.1783) A
b =19.832(5) A
c=14.229(4) A
2744.4(12) A3

2

1.684 Mg/m’

0.728 mm '
1412

0.26 x 0.26 x 0.13 mm’

2.42° 10 29.18°
J13<h<13,-27<k<27,-19<1<18
25171

13119 [Riy = 0.058]

92.7 %

Multi-scans

1.000 and 0.926

Full-matrix least-squares on F2
13119/1/784

0.988

R; =0.060, wR, =0.119

R; =0.074, wR, =0.125
0.000(15) s

0.88 and -0.44 e/A

o = 90000°

v = 90.000°

172

B =107.156(4)°
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Figure S1. Molecular structures of the two [Mn"(N4py)(OTf)]* cations found in the asymmetric unit of
[Mn(C,3H21N5)(O3SCF3)]2[O3SCF3][ClO4], showing 50% probability ellipsoids.

Table S2. Selected bond lengths (10\) and angles (°) for [Mn(C,3H,;N5)(0O3SCF;3)],[03SCF;][ClOy].

Mn(1)-O(11)
Mn(1)-N(14)
Mn(1)-N(13)
Mn(1)-N(15)
Mn(1)-N(12)
Mn(1)-N(11)

2.125(3)
2.255(4)
2.271(4)
2.271(4)
2.278(4)
2.289(4)

O(11)-Mn(1)-N(14)
O(11)-Mn(1)-N(13)
O(11)-Mn(1)-N(15)
O(11)-Mn(1)-N(12)
O(11)-Mn(1)-N(11)
N(14)-Mn(1)-N(13)
N(14)-Mn(1)-N(15)
N(14)-Mn(1)-N(12)

116.80(13)
117.19(13)
94.42(12)
92.09(12)
161.24(13)
88.81(13)
76.63(13)
150.76(14)

N(14)-Mn(1)-N(11)
N(13)-Mn(1)-N(15)
N(13)-Mn(1)-N(12)
N(13)-Mn(1)-N(11)
N(15)-Mn(1)-N(12)
N(15)-Mn(1)-N(11)
N(12)-Mn(1)-N(11)
S(1)-0(11)-Mn(1)

76.53(14)

148.25(14)
81.18(13)
74.17(13)
95.63(13)
74.57(13)
74.32(13)

119.9(2)

Mn(2)-0(21)
Mn(2)-N(24)
Mn(2)-N(23)
Mn(2)-N(25)
Mn(2)-N(22)
Mn(2)-N(21)

2.107(3)
2.247(4)
2.265(4)
2.231(4)
2.288(4)
2.308(3)

O(21)-Mn(2)-N(24)
0(21)-Mn(2)-N(23)
0(21)-Mn(2)-N(25)
0(21)-Mn(2)-N(22)
0(21)-Mn(2)-N(21)
N(24)-Mn(2)-N(23)
N(24)-Mn(2)-N(25)
N(24)-Mn(2)-N(22)

115.8(1)
116.0(1)
93.1(1)
94.4(1)
162.8(1)
89.8(1)
81.5(1)
149.6(1)

N(24)-Mn(2)-N(21)
N(23)-Mn(2)-N(25)
N(23)-Mn(2)-N(22)
N(23)-Mn(2)-N(21)
N(25)-Mn(2)-N(22)
N(25)-Mn(2)-N(21)
N(22)-Mn(2)-N(21)
S(2)-0(21)-Mn(2)

76.1(1)
150.5(1)
79.9(1)
74.7(1)
93.5(1)
75.9(1)
73.6(1)
132.1(2)

Electrospray-ionization mass spectrometry (ESI-MS) Experiments. For ESI-MS experiments, a 2

mM CF;CH,0H solution of 2 was prepared under an Ar atmosphere. A 50 pL aliquot of the solution of
2 was diluted into CH3CN and analyzed by ESI-MS (Figure S2A). (We note that, on the basis of

electronic absorption measurements, 2 is less stable in CH3CN than pure CF;CH,OH and begins to

decay under these conditions.) A second 50 pL aliquot of 2 was treated with 10 pL of H,'®O and then
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diluted into CH3CN. The resulting solution was analyzed by ESI-MS five minutes after the addition of
the H,'®O (Figure S2B). The remaining solution of 2 decayed to 3 after three hours, and a 20 pL aliquot
of the solution of 3 was diluted into CH3CN for ESI-MS analysis (Figure S2C). Electrospray ionization
mass spectrometry experiments were performed using an LCT Primers MicroMass electrospray time-of-
flight instrument.

2190535
100+

A) N [Mn™(0)N4py)P* B) [Mn™(:20)(N4py)]**
Calc. 219.0563 m/z 20,0524 Calc. 220.0585 m/=z
{[Mn™(0)(N4py))(CH;CN)}>*
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2
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Figure S2. ESI-MS spectra of A) complex 2, B) its exchange with H,'*0, and C) complex 3.

X-band EPR Experiments. 250 uL of a2 mM CF;CH,OH solution of 1 were transferred to a 4 mm
quartz EPR tube and flash frozen in liquid N,. Samples of 2 used for EPR experiments were prepared by
adding 2.5 equivalents of PhIO to a 2 mM solution of 1 in CF;CH,OH at 25 °C under an Ar atmosphere.
After the formation of 2 was judged complete by electronic absorption spectroscopy (~10 min.), 250 uL
of the solution were transferred to a 4 mm quartz EPR tube and flash frozen in liquid N,. The remaining
solution of 2 fully decayed to 3 in three hours, as monitored by electronic absorption, and from this

solution of 3, 250 uL were transferred to an EPR tube and flash frozen in liquid N,.
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EPR spectra were collected on an X-band (9 GHz) Bruker EMXPlus spectrometer equipped with an
Oxford ESR900 continuous-flow liquid helium cryostat and an Oxford ITC503 temperature system to
monitor and regulate the temperature. A dual mode cavity (Bruker ER4116DM) was used for
perpendicular and parallel mode detection. Spectra were recorded under non-saturating conditions using
100 kHz field modulation. Other parameters (microwave frequency, modulation amplitude, microwave
power, time constant, conversion time, sweep rate, and field resolution) are given in the captions of the
corresponding figures. Because the baseline contribution was insignificant, a blank spectrum was not

subtracted from the spectra.

LA R R R R R R R R R R AR RN RERRS

0 1000 2000 3000 4000 5000 6000 7000
Field (G)
Figure S3. X-band, perpendicular-mode EPR spectrum of a frozen 2 mM CF;CH,OH solution of
1(OTf),. Recording conditions: 7T =5 K, 9.634 GHz microwave frequency, 0.5024 mW microwave
power, 6 G modulation amplitude, 100 kHz modulation frequency, 81.92 ms time constant, and 11 667
point resolution.

T T T T T
0 1000 2000 3000 4000 5000 6000 7000
Field (G)

Figure S4. X-band, perpendicular-mode EPR spectrum of a frozen 2 mM CF;CH,OH solution of 2.
Recording conditions: 7 =5 K, 9.637 GHz microwave frequency, 2.000 mW microwave power, 6 G
modulation amplitude, 100 kHz modulation frequency, 81.92 ms time constant, and 11 667 point
resolution.
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Figure S5. X-band, perpendicular-mode EPR spectrum of a frozen 2 mM CF;CH,OH solution of 3.

Recording conditions: 7 =5 K, 9.637 GHz microwave frequency, 2.000 mW microwave power, 6 G

modulation amplitude, 100 kHz modulation frequency, 81.92 ms time constant, and 11 667 point

resolution.

Mn K-edge X-ray absorption (XAS) Experiments. The XAS sample of 1 was prepared by
transferring approximately 200 uL of a 10 mM aqueous solution of 1(OTf), to an XAS sample holder
which was then flash-frozen in liquid N,. For the XAS sample of 2, a 14 mM solution of 1(OTf), in
CF;CH,0OH was treated with 2.5 equivalents of PhIO at 25 °C under an Ar atmosphere. Once the
formation was complete, three samples were prepared by transferring approximately 400 puL of 2 to each
XAS sample holder. All samples were immediately flash-frozen in liquid No.

XAS Data Collection. XAS spectra were recorded on beamline X3B at the National Synchrotron
Light Source (NSLS), Brookhaven National Lab (storage ring conditions, 2.8 GeV, 100 - 300 mA). Mn
K-edge X-ray absorption spectra were recorded on frozen solutions maintained at 20 K with a helium
Displex closed-cycle cryostat over the energy range 6.4 — 7.4 keV (Si(111) monochromater). The data
were obtained as fluorescence excitation spectra using a solid-state 31-element germanium detector
(Canberra). Contamination of higher harmonics radiation was minimized by using a harmonic rejection
mirror. Background fluorescence signal was reduced by use of a 6 um chromium filter for sample 1. A
manganese foil spectrum was recorded concomitantly for internal energy calibration and the first
inflection point of the K-edge energy was assigned to 6539.0 eV. Spectra were measured with 5 eV
steps below the edge, 0.3 eV steps in the edge region, and steps equivalent to 0.05 A increments above
the edge (region borders were 6354, 6529, and 6554 eV). Even under conditions of low X-ray flux, it
was observed that complex 2 was slightly photoreduced after each scan as the edge energy shifted ~0.3

eV to lower energy in subsequent scans on the same spot. Thus, the effects of photoreduction on the
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XAS data set were minimized by collecting only one scan per sample spot. The XAS spectra of
complexes 1 (10 mM in H,0) and 2 (14 mM in CF;CH,0OH) represent the average of 7 scans.

EXAFS Data Analysis. Extended X-ray absorption fine-structure (EXAFS) data reduction and
averaging were treated entirely using the program EXAFSPAK." Pre-edge background intensity was
removed by fitting a Gaussian function to the pre-edge background and subtracting this function from
the whole spectrum. The spectrum was then fit with a three-segment spline with fourth-order polynomial
components to remove low-frequency background. EXAFS refinement was carried out on k’x(k) data,
using phase and amplitude functions obtained from FEFF, version 6."' The EXAFS fitting was also
performed using EXAFSPAK. For each fit, the parameters r (average distance between Mn and
scattering atom) and o (Debye-Waller factor) were optimized, while n, the number of atoms in the shell,
was kept fixed. n was varied by integer steps systematically. The goodness-of-fit (GOF) was evaluated
by the parameter F, where F' = X (Xcalcd — xexpt)2 / N, and N is the number of data points. The threshold
energy, Ey, in electronvolts (k = 0 point) was kept at a common, variable value for every shell of a given

fit.

Mn K-edge Fluorescence

— [MnlléNdfpy)(Ong]:
J - - - [Mn" (O)(Ndpy)]

LN LN LN LR LN LN BN LN LB B L

6400 6600 6800 7000 7200 7400

Energy (eV)

Figure S6. Mn K-edge X-ray absorption spectra of [Mn"(N4py)(OTf)]" and [Mn"'(O)(N4py)]*".

Table S3. Mn K-edge XAS Near-Edge Properties of [Mn"(N4py)(OTf)]" and [Mn' (O)(N4py)]** and
other Mn''=0 complexes.

complex edge energy (eV)  pre-edge energy (eV) reference
[Mn"(N4py)(OTDH)]* 65473 6540.6 a
[Mn"'(0)(N4py)I** 6550.8 6541.9 a
[Mn"Y(O)(Bn-TPEN)** NR” 6541.6 12
[Mn""(O)(salen)] 6549.9 6538.9 13
[Mn"'(O)(T;:PP)] 6551.2 ~6541° 14

“ This work. ” Not reported. © The pre-edge feature for this complex was reported as being “some 10 eV
lower in energy than the edge”; see reference 14.
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Table S4. EXAFS Fitting Results for [Mn"(N4py)(OTf)](OTf) (1(OTf),) and [Mn""(O)(N4py)]** (2).

Mn-O Mn-N Mn-C
complex fit n rA) & n A o n (A g B F
1(0ThH), 1 6 224 965 -4.57 113.9
2 1 207 09 5 225 456 -6.24 1072
3 1 208 152 5 226 499 5 3.1 11.99 -4.93 79.1
4 1 208 159 5 226 5.03 4 311 994 -4.97 81.3
5 1 208 141 5 226 492 3 311 7.88 -5.14 84.5
6 I 209 238 5 226 555 3 300 7.06 -4.51 79.6
3 315 375
2 1 6 2.00 11.06 774 4453
2 1 168 391 5 198 8.8 2136 268.7
3 1 169 453 4 201 6.18 -1.71 2531
1 225 340
4 1 1.68 432 4 202 6.51 1 296 075 -0.464  224.6
1 226 2.86
5 1 168 431 4 202 647 3295 479 -0.278  200.2
1 226 274
6 1 168 372 5 200 870 3 291 6.14 -4.04 2302
7 1 168 352 5 199 872 3 287 3.9 -4.10  208.1
1 3.00 -240
8 1 168 347 5 199 884 3 283 298 -394 2052
3 297  1.00
9 1 1.68 347 5 199 882 4 282 521 -4.08  209.6
4 297  2.68
10 1 168 352 5 199 8.67 4 275 137 -5.00  216.6
5 293 654
11 1 168 345 5 199 8.385 3 280 3.82 -3.97 2107
5 29 391
12 1 1.69 439 4 200 6.02 3 28 374 -1.87 1938
1 224 548 5 297 389

“ Fourier-transform range as follows: 1(OTf): 2 — 11.5 A’ (resolution 0.167 A); 2:2 - 14 A

(resolution 0.131 A). & is in units of 10°> A%,
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1(0TH),
® Data
— Fit6

® Data
— Fit 12

R'(A)
Figure S7. Fourier transforms of Mn K-edge EXAFS data [k3 x(k)] and raw EXAFS spectra (insets),

experimental data (--) and fits (=) for [Mn"(N4py)(OTH](OTf) (1(OTf), top) and [Mn' (O)(N4py)]**
(2, bottom). Details regarding EXAFS fits are given in Table S4.

Density Functional Theory Computations for 2. DFT calculations employed the ORCA program
package (version 2.8.0)." Initial coordinates for 2 were derived from the X-ray structure of [1(OTf)]",
where the coordinated triflate was replaced with an oxo ligand. The nuclear coordinates of this model
were subjected to full DFT energy minimization and converged to the S = 3/2 ground state, using the BP
functional'® in conjunction with triple- quality TZVP basis sets on Mn, O, and N and SVP basis sets on
C and H."” The resolution of identity approximation'® was used to accelerate the calculations using the

auxiliary basis set SV/J. The Cartesian coordinates for the geometry-optimized model of 2 are provided

in Table S5.
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Table S5. Cartesian coordinates (A) for DFT-optimized structure of [MnIV(O)(N4py)]2+ 2).

Atom X y zZ

Mn 0.000000 0.000000 0.000000
(@) 0.000000 -0.000000 -1.673290
N 2.000097 0.014236 0.251314
N 0.000000 -2.000888 0.251818
N -0.090775 2.003667 0.324508
N -2.004826 0.078980 0.323362
N 0.015103 -0.015765 2.138293
C 2437871 0.102655 1.539094
C -0.574706 2.290307 1.565952
C -0.085096 -2.439032 1.539642
C -2.294583 0.560283 1.565248
C -2.990615 -0.289393 -0.519952
C 0.272512 2991871 -0.518755
C 3.804281 0.014658 1.838801
C -0.301640 4.649229 1.147097
C 0.015404 -3.804453 1.839939
C 1.383001 0.387134 2.593256
C -0.379142 -1.386204 2.593125
C 0.165528 -2.881761 -0.764585
C 2.882128 -0.142532 -0.765479
C 4.258607 -0.221833 -0.531232
C -1.051835 1.044413 2.313049
C 0.188481 -4.725198 0.792955
C -4.651608 0.273273 1.145842
C 4.726257 -0.148949 0.791363
C -4.337268 -0.203222 -0.136233
C 0.257752 -4.257333 -0.529764
C 0.177792 4.337636 -0.134630
C -0.690040 3.608967 2.014981
C -3.613970 0.667284 2.014232
H -2.669446 -0.640739 -1.511425
H 0.626274 2.671780 -1.509658
H 4.144353 0.080240 2.883039
H -0.381249 5.697254 1.473147
H -0.047580 -4.144639 2.884298
H 1.642302 -0.102081 3.554741
H 1.379460 1.479466 2.792062
H 0.110421 -1.641836 3.555411
H -1.471814 -1.390081 2.789995
H 0.221539 -2.434459 -1.768285
H 2.435035 -0.202154 -1.769058
H 4.948910 -0.345629 -1.377864
H -1.278813 1.269703 3.376158
H 0.268642 -5.800942 1.010718
H -5.700223 0.346143 1.471721
H 5.802807 -0.218849 1.008701
H -5.124154 -0.502924 -0.843235
H 0.388752 -4.946765 -1.376023
H 0.473203 5.127043 -0.840859
H -1.078797 3.826178 3.020792
H -3.833666 1.053766 3.020358
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Table S6. Manganese-Ligand Bond Lengths (A) for [Mn"(N4py)(OTf)](OTf) (1(OTf),) and
[Mn""(0)(N4py)]** (2) Obtained from X-ray Diffraction (XRD), Mn K-edge XAS Data (EXAFS) and
DFT Geometry Optimization.

1(OTf), (XRD)  1(OTf), (EXAFS) 2 (EXAFS) 2 (DFT)

Mn-0O* 2.107 2.09 1.69 1.673
Mn-N,, 2.258 2.26 2.24 2.138
Mn-Ne,” 2.308 2.26 2.00 2.024

“The O atom derives from a triflate and terminal oxo ligand for 1 and 2, respectively. ’ The average
distance of all equatorial Mn—N bond lengths is listed.

3. Kinetic Measurements.

DHA and ds-DHA. All kinetic measurements were performed under an Ar atmoshphere. 2.9 mg of
1(OTY), and 2.2 mg (2.5 equivalents) of PhIO were each dissolved in 1 mL deoxygenated CF;:CH,OH.
These solutions were combined, stirred for five minutes, and transferred to a UV-Vis cuvette at 25 °C.
The formation of 2 ([2] = 2 mM) was monitored by the growth of the broad absorption band at 950 nm.
Once the formation of 2 was complete, 100 uL of dichloromethane (CH,Cl,) containing the substrate
(DHA or d4-DHA) was added and the reaction was monitored by following the decay of the band at 950
nm. Under these conditions, and using varying concentrations of substrate ((DHA] = 0.020 — 0.050 M
and [ds-DHA] = 0.020 - 0.040 M) complex 2 showed pseudo-first order decay to at least four half-lives.
The second-order reaction rate k, was calculated from a linear correlation between the substrate
concentration and the observed rate and corrected for the number of reactive C-H bonds to yield k,’
(Table S7). From the k; values obtained from these linear plots for DHA (k.= 3.6 M' s) and di-DHA
(k2=0.32 m! s'l), the kinetic isotope effect (KIE) was calculated to be 11.2.

The effect of solvent on the rate of substrate oxidation by 2 was investigated by forming 2 in a
CF;CH,0OH:CH,Cl; 1:1 (volume:volume) solvent mixture under the same conditions as above. Once the
formation of 2 was completed, 100 puL of dichloromethane (CH,Cl,) containing DHA ([DHA] = 0.020 —
0.050 M) or d4-DHA ([d-DHA] = 0.020 — 0.040 M) were added and the reaction was monitored by
following the decay of the band at 950 nm. The second-order reaction rates for DHA (k;=2.61 M s™)
and d;-DHA (k> = 0.30 M s™) were calculated from the linear correlation between the substrate
concentration and the observed rate (Figure S9). The KIE was determined to be 8.7 (Table S7).
Formation of 2 in a CF;CH,OH:(CH;3),NC(O)H (1:1 volume:volume) solvent mixture was unsuccessful.
Although it was possible to form 2 in CFCH,OH:CH3;CN (1:1 volume:volume) and
CF;CH;0H:(CH3),CO (1:1 volume:volume) solvent mixtures, the stability of 2 was greatly reduced,

hampering any kinetic experiments.
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The activation parameters of hydrogen-atom abstraction for the reactions of 2 (I mM) with DHA
(0.01 M) and d4-DHA (0.01 M) were determined from experiments in a CF;CH,OH:CH,Cl, (1:1)
solvent mixture in the temperature range of 268 — 308 K. The decay of 2 was monitored by electronic
absorption and the pseudo-first order rate constant was calculated for each reaction at each temperature
(Figure S10 and Table S9-10).

Other organic substrates. The reactions of 2 in a deoxygenated CF;CH,OH:CH3;CN 19:1
(volume:volume) mixture with 0.150 mL of CF;CH,OH:CH3;CN (19:1) containing the substrate
(ethylbenzene, diphenylmethane, and toluene) were also monitored by electronic absorption
spectroscopy.  Under the conditions of these reactions ([ethylbenzene] = 0.10 — 0.40 M,
[diphenylmethane] = 0.10 — 0.22 M, and ([toluene] = 0.40 — 0.70 M), 2 decayed with pseudo-first order
behavior to at least four half-lives, and a linear relationship was observed between the substrate
concentration and the pseudo-first-order rate constant (Figure S8). The second-order rate constants

determined from this relationship were corrected for the number of reactive C-H bonds (Table S7).
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Figure S8. Plots of pseudo-first order rate constants, Kops (s'l), against substrate concentration for a 1.9
mM solution of 2 in CF;CH,OH:CH,Cl, (19:1) for (a) DHA and d,~-DHA and for a 2 mM solution of 2
in CF;:CH,OH:CH;CN (19:1) for (b) diphenylmethane, (c) ethylbenzene, and (d) toluene. The second-
order rate constant, k» (M'1 s'l), was calculated from the linear correlation of the observed rate and

substrate concentration.
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Figure S9. Pseudo-first order rate constants, kops (s') versus substrate concentration for a 1.9 mM
solution of 2 in CF;CH,OH:CH,Cl, (1:1) for DHA (red dots) and d,-DHA (black squares). The second-
order rate constant, k, (M'1 s'l), was calculated from the linear correlation of the observed rate and

substrate concentration.
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Figure S10. Eyring plots (left) and Arrhenius plots (right) for the hydrogen atom abstraction of DHA
(0.01 M, red dots) and d,-DHA (0.01 M, black squares) by complex 2 (1 mM) in CF;CH,OH:CH,Cl,

(1:1).
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Table S7. Corrected Second-order Rate Constants (k2)* for Reaction of 2 with DHA, d;-DHA,
ethylbenzene, diphenylmethane, and toluene.

Substrate b M'sh ks
DHA 3.6 0.90
d,-DHA 0.32 0.079
diphenylmethane 0.020 0.0099
ethylbenzene 0.0057 0.0019
toluene 0.00064 0.00021

“ (ky")is the second-order rate constant corrected for the number of reactive C-H bonds.

Table S8. Corrected Second-order Rate Constants (k) for Reaction of Mn''=0 Complexes with DHA at
the Temperature Indicated.

complex’ [concentration] kK M'sh T (K) solvent KIE  ref
[Mn"V(0)(OH)(TE,TMAP)I** [0.01 mM]  1.22 288  H,O:MeCN (2:1) 8 19
[Mn" (0)(N4py)]** [1.9 mM] 0.90 208  CF;CH,OH: CH.Cl (20:1)  11.2 b
[Mn" (0)(N4py)]** [1.9 mM] 0.65 298  CF:CH,OH: CH.CL (1:1) 8.7 b
[Mn"V(0)(OH,)(BQCN)J** [2 mM] 0.030 273 MeCN:H,O (9:1) 20
[Mn"V(0)(Hsbuea)] [0.6 mM] 0.026 293  DMSO 6.8 21
[Mn"V(0),(Me,EBC)] [2 mM] 0.01496 288  (CH;),CO:H,O (4:1) 378 22
[Mn"(0)(OH)(""M*Pytacn)]" [1 mM] 0.0065 298 MeCN:H,O (4:1) 3.1 23
“ Ligand abbreviations: TF,TMAP =  meso-tetrakis(2,3,5,6-tetrafluoro-N,N, N-trimethyl-4-
aniliniumyl)porphyrinato dianion; N4py = N,N-bis(2-pyridylmethyl)-N-bis(2-pyridyl)methylamine;
BQCN = N,N'-dimethyl- N,N’-bis(8-quinolyl)cyclohexanedimaine; Hzbuea = tris[(N'-tert-
butylureaylato)-N-ethylene]aminato; Me,EBC = 4,11-dimethyl-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane; HMepytacn = 1-(2-pyridylmethyl)-4,7-dimethyl-1,4,7-

. b .
triazacyclononane. ~ This work.

Table S9. Kinetic Parameters for Reaction of Mn''=0 Complexes with DHA.

complex [concentration] solvent AGH? AHE? ASF€ ref
[MnIV(O)(N4py)]2+ [1.0 mM] CF;CH,OH:CH,CL, (1:1) 19.4+0.8 9+0.8 -35+3 a
[MnIV(O)(H3buea)]' [0.6 mM] DMSO 19.6 +1 51 -49+4 21
[Mn"Y(0),(Me;EBC)] [2 mM] (CH3),CO:H,0 (4:1) 21.0+0.6 137406 -245+22 24
[Mn"(0O)(OH)(""*Pytacn)]* [1 mM] MeCN:H,O (4:1) 213+0.7 103407 -37+2 23

“ Ligand abbreviations are the same as those given for Table S8. ” kcal/mol (at 25 °C for AG?). © cal /
mol K ¢ This work.
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Table S10. Activation Parameters for Reaction of Mn''=0 Complexes with DHA and d,~-DHA.
complex* [concentration] By’ B’ Ay’ Ap’ An/Ap ref
MV (O)(N4py)I” [1.OmM]Y  9.6+0.9 132+1.9 29x10° 1.4x10 0.021 7

[Mn"V(0),(Me,EBC)] 2 mM]* 143406 203+05 7.6x10° 73x10" 1.1x10* 24

“ Ligand abbreviations are the same as those given for Table S8. ” kcal/mol. © s™.

CF;CH,0H:CH,Cl, (1:1). ¢ solvent: (CH3),CO:H,0 (4:1). / This work.

d
solvent:

Product analysis and final oxidation state of manganese. 2.9 mg of 1(OTf), and 2.2 mg of PhIO
were each dissolved in 1 mL deoxygenated CF;CH,OH under an Ar atmosphere and were combined,
stirred for ten minutes ([2] = 2 mM), and treated with 7.5 mg DHA (10 equivalents) in 100 uL of
deoxygenated CH,Cl,. After 30 min, the solvent was removed and the organic products were redissolved
in 2 mL of cyclohexane. The anthracene produced by the reaction of 2 with DHA was quantified by
measuring the absorbance of the cyclohexane solution of the organic products at 356 nm, yielding 1.1 +
0.15 mM anthracene (average of 6 different experiments).

The final oxidation state of the manganese was determined using an iodometric titration.” 2.9 mg of
1(OTf), and 2.2 mg of PhIO were each dissolved in 1 mL deoxygenated CF;CH,OH under an Ar
atmosphere and were combined, stirred for ten minutes ([2] = 2 mM), and treated with 7.5 mg DHA (10
equivalents) in 100 pL of deoxygenated CH,Cl,. After 30 min, the solvent was removed and the organic
products were removed from the manganese product (3) by rinsing the residue with diethyl ether (3 x 5
mL). The residue was dried and redissolved in 2 mL of CH,Cl, and a 1 mL aliquot was transferred to a
10 mL volumetric flask containing 1 mL glacial acetic acid and 0.019 g tetrabutylammonium iodide,
followed by dilution with CH,Cl, up to 10 mL. The bright yellow solution was mixed and the
absorbance was measured in a 0.5 cm cuvette at 25 °C immediately after mixing. The triiodide
produced was quantified by measuring the absorbance of the solution at 295 and 365 nm and the final
oxidation state of the manganese was determined by the ratio of the triiodide liberated and the Mn'"

consumed.” The final oxidation state of 3 was 2.7 + 0.15 (average of 5 different experiments).

Cyclic voltammetry. The electrochemical properties of complex 2 were investigated by cyclic
voltammetry. Complex 2 exhibits a one-electron redox process at 0.370 V versus Cp,Fe/Cp.Fe” (0.8 V
versus SCE) in CF3CH,OH:CH,Cl, (1:1 with 0.1 M NBusPF), which was assigned to the Mn"'(0)/Mn
™Y(0) couple (Figure S11). The redox wave is partially reversible at 50 and 100 mV s scan velocities.

An irreversible reduction process is also observed at E,. = -0.260 V versus Cp,Fe/Cp,Fe”, which is
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attributed to the reduction of excess iodosylbenzene (Figure S11). Complex 2 exhibits a higher reduction
potential than [MnIV(O)(H3buea)]' (Eip = -1.0 V versus Cp,Fe/Cp,Fe™; -0.570 V versus SCE)21 and
[Mn""(0)(OH)("MPytacn)]" (E,» = -0.38 V versus Cp,Fe/Cp,Fe*; 0.05 V versus SCE).”

15 15 —
10 10

%5— é 5 —

B B

3 01 3 O_F
-5+ -5

-10 -10_

llllll L B o e IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1.2 0.8 0.4 0.0 0.4 1.2 0.8 0.4 0.0 0.4

Potential (V) Potential (V)
Figure S11. Cyclic voltammograms of 2 (left) and PhIO (right) recorded in CF;CH,OH:CH,Cl, (1:1

with 0.1 M NBusPFs) at 50 mV s™'. The cyclic voltammogram of PhIO was collected under the same
conditions as for complex 2, without the addition of 1.
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