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I. Experimental 
 

General Procedures. All reagents were purchased from commercial vendors, and used 

without further purification unless otherwise noted. Dichloromethane and diethyl ether 

were purified via a Pure-Solv Solvent Purification System from Innovative Technology, 

Inc. Methanol and acetonitrile were distilled over CaH2. All solvents were degassed by 

repeated cycles of freeze-pump-thaw and stored in an N2-filled drybox. Iron-57 metal 

(95.63%) was purchased from Cambridge Isotope Laboratories, Inc.; tetrafluoroboric acid 

(48% w/w) was purchased from Aldrich. Reactions requiring inert atmosphere were 

performed in an N2-filled drybox or with standard Schlenk techniques. Iodosobenzene,1 

3-((2-(hydroxymethyl)phenyl)thio)propanenitrile 2 di(2-pyridyl)methanamine,3 and N-(6-

(bromomethyl)-2-pyridyl)pivalamide4 were prepared according to reported procedures.  

 

Physical Methods. UV-visible spectra were recorded on a Varian Cary 50 

spectrophotometer. NMR spectra were recorded on a Bruker Avance 400 MHz FT-NMR 

spectrometer at 25 °C. Elemental analysis was performed by Atlantic Microlab Inc., 

Norcross, GA. Electron paramagnetic resonance (EPR) spectra were obtained on a 

Bruker EMX EPR spectrometer controlled with a Bruker ER 041 X G microwave bridge 

at 15 K. The EPR spectrometer was equipped with a continuous-flow liquid He cryostat 

and an ITC503 temperature controller made by Oxford Instruments, Inc. Mössbauer 

spectra were recorded on a spectrometer from SEE Co. (Science Engineering & 

Education Co., MN) equipped with a closed cycle refrigerator system from Janis 

Research Co. and SHI (Sumitomo Heavy Industries Ltd.). MS measurements were 

performed on a UHR-ToF Bruker Daltonik (Bremen, Germany) maXis, which was 

coupled to a Bruker cryospray unit, an ESI-ToF MS capable of resolution of at least 

40.000 FWHM. Detection was in positive-ion mode and the source voltage was 4.5 kV. 

The flow rates were 200 µL/hour. The dry-gas temperature (N2) was held at -40 °C and 

the spray-gas temperature was held at -35 °C. The machine was calibrated prior to every 

experiment via direct infusion of the Agilent ESI-ToF low concentration tuning mixture, 

which provided an m/z range of singly charged peaks up to 2700 Da in both ion modes. 
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Computational Methods. Complexes [FeII(N3PyamideSR)]2+ (1) and 

[FeIV(O)(N3PyamideSR)]2+ (2) in various spin states were investigated by computational 

methods: (1) in the singlet and (2) in the triplet and quintet spin states. Calculations 

utilized density functional theory (DFT) as implemented in the Gaussian-09 and Orca-

2.6.35 program packages.5,6 The geometry of 1 was fully optimized (without constraints) 

with 6-31G(d) basis set7,8,9 implemented on all atoms with DFT at the unrestricted hybrid 

density functional level B3LYP. Single point energies with zero-point energy corrections 

were calculated using these optimized geometries. Calculations were preformed on the 

FeIV(O) complex, 2 in the Orca-3.0.0 program package. The geometry of 

[FeIV(O)(N3PyamideSR)]2+ (2) was calculated for both the triplet and quintet spin states. 

The geometries were optimized  (without constraints) with LANLDZ on the iron and 6-

31G on the rest of the atoms, including the auxiliary basis sets def2-SVP/J and def2-

SVP/K for the RIJCOSX approximation,10,11 with DFT at the unrestricted hybrid density 

functional level B3LYP. Optimized structures of 2 were employed as the starting point 

for single point calculations using LANLTZ+ on the iron and 6-311+G* on the rest of the 

atoms. Calculated Mössbauer parameters were obtained from the optimized geometries 

using the Orca-2.6.35 and Orca-3.0.0 program packages. These calculations used the 

B3LYP method in conjunction with the CP(PPP)12 basis set on Fe and TZVP13 basis set 

on all remaining atoms. The quadrupole splitting (ΔEQ) was obtained directly, and the 

isomer shift (δ) was obtained from the calculated spin density at the iron nucleus ρ0(Fe) 

using a previously determined calibration curve.14 

 

 
Figure S1. Synthesis of 1. 

Aldehyde (i). An amount of 3-((2-(hydroxymethyl)phenyl)thio)propanenitrile (5.7 g, 

29.5 mmol) was dissolved in CH2Cl2 (100 mL) and added to a stirring suspension of 
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pyridinium chlorochromate (9.5 g, 44.1 mmol) in CH2Cl2 (300 mL). The mixture was 

stirred for several hours before being diluted with Et2O, filtered through Celite and 

concentrated. The crude product was purified by column chromatography on silica 

(EtOAc/hexanes) to give the desired product as a white solid (5.1 g, 90%). 1H NMR 

(CDCl3): δ 10.31 (s, 1 H), 7.82 (m, 1 H), 7.53 (m, 1 H), 7.41 (d, J = 8.1 Hz, 1H), 7.35 (t, 

J = 7.5 Hz, 1H), 3.18 (t, J = 7.2 Hz, 2 H) 2.67 (t, J = 7.2 Hz, 2 H); 13C NMR (CDCl3): δ 

191.6, 138.5, 134.6, 132.8, 129.7, 127.3, 126.6, 117.9, 29.5, 18.0. 
 

Secondary amine (ii). Aldehyde (i) (2.73 g, 14.3 mmol) and di(2-pyridyl)methanamine 

(2.64 g, 14.3 mmol) were dissolved in a 1:1 mixture of CHCl3/MeOH (80 mL). A small 

amount of 4 Å molecular sieves was added and the reaction was allowed to stir overnight 

under Ar atmosphere. An amount of NaBH4 (540 mg, 14.3 mmol) was added in small 

portions and the reaction mixture was allowed to stir for 3 h before being filtered through 

Celite and concentrated. The resulting residue was dissolved in CHCl3, washed with 

water, dried and concentrated. Purification by column chromatography on neutral 

alumina (EtOAc/hexanes) gave the desired product as a yellow solid (2.06 g, 40%). 1H 

NMR (CDCl3): δ 8.59 (m, 2 H), 7.65 (m, 2 H), 7.48 – 7.41 (m, 4 H), 7.29 – 7.25 (m, 2 

H), 7.17 (m, 2 H), 5.15 (s, 1 H), 3.96 (s, 2 H), 3.10 (t, J=7.3 Hz, 2 H), 2.55 (t, J=7.3 Hz, 2 

H); 13C NMR (CDCl3): δ 161.7, 149.5, 142.3, 136.9, 132.9, 132.4, 130.5, 128.4, 

128.3,122.7, 122.5, 118.4, 69.0, 50.35, 30.64, 18.41. 

 

N3PyamideSR. Secondary amine (ii) (1.23 g, 3.4 mmol) was dissolved in MeCN (100 mL) 

before Cs2CO3 (1.7 g, 5.2 mmol), N-(6-(bromomethyl)-2-pyridyl)pivalamide (925 mg, 

3.4 mmol), and NaI (767 mg, 5.1 mmol) were added. The mixture was stirred under Ar 

atmosphere for 24 h before additional portions of Cs2CO3 (1.7 g, 5.2 mmol), and NaI (767 

mg, 5.1 mmol) were added. After stirring for an additional 48 h, the crude reaction 

mixture was filtered through Celite and concentrated. The residue was dissolved in 

CHCl3, washed with H2O, dried and concentrated. Purification by column 

chromatrography on neutral alumina (EtOAc/hexanes) gave the desired product as a pale 

yellow solid (1.1 g, 60%). 1H NMR (CDCl3): δ 8.56 (m, 2 H), 8.01 (m, 1 H), 7.97 (br, 1 

H), 7.78 (dd, J = 7.6, 1.5 Hz, 1 H), 7.67 - 7.55 (m, 5 H), 7.30 (dd, J = 7.6, 1.3 Hz, 1 H), 
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7.24 – 7.12 (m, 5 H), 5.34 (s, 1 H), 4.03 (s, 2 H), 3.86 (s, 2 H), 3.00 (t, J = 7.3 Hz, 2 H) 

2.48 (t, J = 7.3 Hz, 2 H) 1.32 (s, 9 H); 13C NMR (CDCl3): δ 177.2, 160.2, 158.2, 150.8, 

149.4, 141.2, 138.7, 136.4, 132.5, 131.4, 129.9, 127.9, 127.7, 124.1, 122.4, 118.8, 118.2, 

112.0, 72.5, 56.8, 53.9, 39.9, 36.9, 30.0, 27.7, 18.2. 

 

[FeII(N3PyamideSR)](BF4)2�CH3CN (1�CH3CN). An amount of the free ligand 

(N3PyamideSR) (1.0 g, 1.82 mmol) was dissolved in MeCN and Fe(BF4)2�6H2O (615 mg, 

1.82 mmol) was added. The yellow solution immediately changed to an orange color, and 

was then stirred for 2 h. The mixture was concentrated to a residue, which was dissolved 

in a minimum amount of MeCN. Vapor diffusion of Et2O into this solution gave complex 

1 as dark red crystals suitable for X-ray diffraction (1.25 g, 88%). UV-Vis (MeCN): 350 

nm (4700 M-1cm-1), 450 nm (6000 M-1cm-1); 1H NMR (CD3CN, 25 °C): δ 68.3, 45.0, 

36.6, 29.8, 29.0, 27.6, 26.9, 23.1, 16.9, 15.6, 11.7, 10.4, 9,6, 7.3, 7.0, 6.6, 6.3, 4.3, 3.3, 

1.0, -13.5,; Anal. Calc. for [1] (C32H34B2F8FeN6OS): C, 49.26; H, 4.39; N, 10.77. Found: 

C, 48.59; H, 4.37; N, 10.63. m/z (ESI-ToF, -40 °C) = 303.0917 [1 – 2BF4]2+.  

 

Generation of [FeIV(O)(N3PyamideSR)]2+ (2) for characterization by UV-vis 
spectroscopy. An amount of 1 (0.8 mg, 1.0 μmol) was dissolved in MeCN (5.0 mL), and 

cooled to -40 °C in a flask equipped with a submersible UV-vis probe. A stock solution 

of PhIO in MeOH was freshly prepared, and then 0.1 mL of this PhIO solution (0.12 

μmol, 1.2 equiv) was added. The reaction mixture changed in color from orange to 

yellow over 30 min. Monitoring the reaction by UV-vis spectroscopy revealed the 

disappearance of the characteristic peaks for 1 (350, 450 nm), and the appearance  of a 

new peak at 750 nm, corresponding to 2. 

 

[FeII(Cl)(N3PyamideSR)](BF4) (3). An amount of the ligand (iii) (12.3 mg, 0.016 mmol) 

was dissolved in 2 mL of MeCN and FeCl2 (2.2 mg, 0.017 mmol) was added. The 

mixture was allowed to stir for 1 h, and NaBF4 (1.9 mg, 0.017 mmol) was added. After 

stirring for an additional 2 h the solution was filtered through Celite, and vapor diffusion 

of Et2O gave 3 as yellow crystals suitable for X-ray diffraction (8.3 mg, 67%). 1H NMR 

(CD3CN): δ 63.3, 56.4, 41.4, 35.3, 28.9, 26.1, 25.2, 16.4, 14.2, 12.5, 12.0, 8.2, 7.9, 7.7, 
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7.3, 6.0, 3.6, 3.4, 1.2, 0.9, -1.6; UV-vis: λmax = 358 nm, ε = 5000 M-1 cm-1; Anal. Calc. for 

3 (C32H34B2ClF8FeN6OS): C, 47.12; H, 4.20; N, 10.30. Found: C, 47.61; H, 4.30; N, 

10.04. m/z (LDI-MS) = 641.0 [3 – BF4]+. 

 

[FeII(N3PyamideS(O)R)](BF4)2�0.5 CH3CN (4�0.5 CH3CN). An amount of 1 (9 mg, 0.012 

mmol) was dissolved in MeCN (0.5 mL) and a solution of 75% m-CPBA (10.6 mg, 0.062 

mmol) in MeCN (0.5 mL) was added. After stirring for 2 h, the green solution was 

concentrated and the residue was dissolved in CH2Cl2 and filtered through Celite. 

Successive vapor diffusion of Et2O afforded X-ray quality crystals (4.7 mg, 49% yield). 
1H NMR (CD3CN): δ 69.1, 67.0, 63.7, 60.7, 60.0, 58.9, 57.3, 56.8, 56.3, 55.9, 53.2, 46.0, 

41.3, 33.6, 32.8, 31.8, 25.5, 22.3, 19.4, 18.7, 12.5, 10.0, 9.4, 9.0, 8.3, 8.1, 7.8, 7.7, 7.0, 

6.5, 5.9, 5.4, 4.9, 4.0, 3.4, 3.0, 2.9, 2.5, 1.1; UV-vis: λmax = 700 nm, ε = 1000 M-1 cm-1; 

Anal. Calc. for [4�0.5 CH3CN�0.8 CH2Cl2] (C33.8H37.1B2Cl1.6F8FeN6.5O2S): C, 45.89; H, 

4.23; N, 10.29. Found: C, 46.02; H, 4.14; N, 9.96. m/z (LDI-MS) = 621.5 [4 – H – 

2BF4]+. Note: Unresolved residual electron density, presumed to be disordered CH2Cl2, 

was found in the crystal structure of 4 (see the X-ray crystallography section for further 

details). The elemental analysis was consistent with this assignment, in which a small 

amount of CH2Cl2 was added to obtain a good fit. 
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Figure S2. Cryo-UHR ESI-ToF mass spectrum of [FeII(N3PyamideSR)]2+ ([1 – 2BF4]2+) at  

-40 °C in MeCN/MeOH. Inset: top = experimental, bottom = simulated spectrum for 

[C32H34FeN6OS]2+. 
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Figure S3. Cryo-UHR ESI-ToF mass spectrum of [FeIV(O)(N3PyamideSR)]2+ ([2]2+) at -40 

°C in MeCN/MeOH. Inset: top = experimental, bottom = simulated spectrum for 

[C32H34FeN6O2S]2+. 
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II. X-ray Crystallography. All reflection intensities were measured at 110(2) K using a 

KM4/Xcalibur (detector: Sapphire3) with enhance graphite-monochromated Mo Kα 

radiation (λ = 0.71073 Å) under the program CrysAlisPro (Versions 1.171.35.11 or 

1.171.36.24 Agilent Technologies, 2011-2012). The program CrysAlisPro (Versions 

1.171.35.11 or 1.171.36.24 Agilent Technologies, 2011-2012) was used to refine the cell 

dimensions. Data reduction was done using the program CrysAlisPro (Versions 

1.171.35.11 or 1.171.36.24 Agilent Technologies, 2011-2012). The structures were 

solved with the program SHELXS-97 (Sheldrick, 2008), and refined on F2 with 

SHELXL-97 (Sheldrick, 2008). Analytical numeric absorption corrections based on a 

multifaceted crystal model were applied using CrysAlisPro (Versions 1.171.35.11 or 

1.171.36.24 Agilent Technologies, 2011-2012). The temperatures of the data collections 

were controlled using the system Cryojet (manufactured by Oxford Instruments). The H 

atoms (unless otherwise specified) were placed at calculated positions using the 

instructions AFIX 13, AFIX 23, AFIX 43 or AFIX 137 with isotropic displacement 

parameters having values 1.2 or 1.5 times Ueq of the attached C or N atoms.  For the 

structure of 3, the H atom attached to N6 was found from Fourier difference maps, and its 

atomic coordinates were refined freely. 
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Figure S4. Displacement ellipsoid plots (50% probability level) of the dication of 1. H-

atoms and MeCN have been omitted for clarity, with the exception of the amide N-H. 

 

Crystal Structure of 1•MeCN. Data were collected at 110 (2) K after the crystal had 

been flash-cooled from room temperature.  Three crystallographically independent BF4
− 

counterions are disordered. Two of the BF4
− anions are found to be disordered over two 

orientations [occupancy factors for major components refine to 0.646(6) and 0.53(3)], 

while one is more severely disordered over 3 orientations [the three occupancy factors 

refine to 0.688(3), 0.214(3), and 0.099(2)].  

Fw = 821.24, red thick lath, 0.39 × 0.25 × 0.15 mm3, triclinic, P-1 (no. 2), a = 12.7152(3), 

b = 17.1863(3), c = 17.3225(4) Å, α = 89.9635(17), β = 81.5135(19), γ = 81.8096(18)°, V 

= 3705.00(14) Å3, Z = 4, Dx = 1.472 g cm−3, µ = 0.543 mm−1, abs. corr. range: 

0.851−0.934.  45414 Reflections were measured up to a resolution of (sin θ/λ)max = 0.62 

Å−1. 14972 Reflections were unique (Rint = 0.0320), of which 11595 were observed [I > 

2σ(I)]. 1129 Parameters were refined using 579 restraints. R1/wR2 [I > 2σ(I)]: 
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0.0386/0.0995. R1/wR2 [all refl.]: 0.0552/0.1072. S = 1.056. Residual electron density 

found between −0.33 and 0.67 e Å−3. 

 

 
Figure S5. Displacement ellipsoid plots (50% probability level) of the cation of 3. H-

atoms have been omitted, with the exception of the amide N-H. 

 

Crystal Structure of 3. The structure is ordered. The H atom attached to N6 was found 

from Fourier difference maps, and its atomic coordinates were refined freely. Fw = 

728.82, irregular yellow block, 0.31 × 0.24 × 0.12 mm3, monoclinic, C2/c (no. 15), a = 

25.4707(3), b = 9.98637(13), c = 25.8674(3) Å, β = 94.8579(12)°, V = 6555.99(14) Å3, Z 

= 8, Dx = 1.477 g cm−3, µ = 0.665 mm−1, abs. corr. range: 0.870−0.947. 24531 Reflections 

were measured up to a resolution of (sin θ/λ)max = 0.62 Å−1. 6622 Reflections were unique 

(Rint = 0.0387), of which 5537 were observed [I > 2σ(I)]. 431 Parameters were refined. 

R1/wR2 [I > 2σ(I)]: 0.0317/0.0777. R1/wR2 [all refl.]: 0.0418/0.0817. S = 1.055. 

Residual electron density found between -0.39 and 0.47 e Å−3. 
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Figure S6. Displacement ellipsoid plots (50% probability level) of the O-bound (left) and 

S-bound (right) dications of 4. H-atoms have been omitted, with the exception of the 

amide N-H. 

 

Crystal Structure of 4. The structure is disordered because there are two possible modes 

of coordination on the Fe metal center in the crystal lattice.  Some parts of the Fe 

complex are found to be disordered over 3 orientations.  In two of the three orientations, 

the sixth coordination is achieved via S1, and occurs about 80% of the time.  In the third 

orientation, the sixth coordination is achieved via O2.  Both counterions are found to be 

disordered over two orientations [both occupancy factors for major components refine to 

0.550(2)].  The lattice uncoordinated MeCN molecule is found to be disordered as the 

solvent molecule is found at a site of inversion symmetry. The crystal lattice also 

contains some CH2Cl2 solvent molecules disordered over another inversion center, but 

with probable occupancies lower than 1; their contributions were then taken out using the 

program SQUEEZE for the final refinement.  All details of the SQUEEZE refinement are 

provided in the final CIF file. 

Fw = 1633.42,* orange-red lath, 0.48 × 0.31 × 0.12 mm3, triclinic, P-1 (no. 2), a = 

10.1678(3), b = 11.9592(3), c = 15.8456(3) Å, α = 92.0341(18), β = 96.166(2), γ = 

108.703(2)°, V = 1809.49(8) Å3, Z = 1, Dx = 1.499 g cm−3,* µ = 0.557 mm−1,* abs. corr. 
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range: 0.804−0.940.  29353 Reflections were measured up to a resolution of (sin θ/λ)max = 

0.62 Å−1. 7300 Reflections were unique (Rint = 0.0347), of which 6311 were observed [I > 

2σ(I)]. 788 Parameters were refined with 1162 restraints. R1/wR2 [I > 2σ(I)]: 

0.0475/0.1232. R1/wR2 [all refl.]: 0.0543/0.1271. S = 1.050. Residual electron density 

found between −0.75 and 0.58 e Å−3. 

* excluding the contribution of the unresolved residual electron density 

 

III. Mössbauer Spectroscopy 
 
57Fe(BF4)2. An amount of 57Fe0 metal (50 mg, 0.9 mmol) was combined with aqueous 

HBF4 (48% w/w, 2.0 equiv, 0.23 mL). The suspension was diluted with H2O (0.27 mL) 

and heated to boiling on a sand bath. The solid slowly dissolved with heating, and care 

was taken to minimize solvent loss due to evaporation on the small scale. The pale blue 

solution was diluted to a final volume of 5.0 mL with MeCN. The final concentration of 
57Fe(BF4)2, based on measured 57Fe0, was 0.18 M. 

 

[57FeII(N3PyamideSR)](BF4)2. The N3PyamideSR ligand (iii) (5.0 mg, 0.01 mmol) was 

dissolved in a small amount of MeCN and freshly prepared 57Fe(BF4)2 (1.0 equiv, 56 μL 

of a 0.18 M stock solution) was added. The mixture immediately turned dark orange and 

the resulting solution was diluted with MeCN to a final volume of 2.5 mL, giving a 4.0 

mM solution of the starting [57FeII(N3PyamideSR)](BF4)2 complex.  

 

[57FeIV(O)(N3PyamideSR)](BF4)2. A solution of [57FeII(N3PyamideSR)](BF4)2 (0.4 mL, 4 

mM) was loaded directly into a Teflon Mössbauer sample cup cooled to -40 °C in an 

MeCN/dry ice bath using a custom brass sample holder. A stock solution of PhIO was 

prepared by dissolving PhIO (2.0 mg, 9 μmol) in MeOH (0.38 mL). The PhIO solution 

(0.1 mL, 1.0 equiv) was injected directly into the sample cup and mixed well by bubbling 

with Ar. After standing at -40 °C for 45 min, the sample was frozen in N2(l) using the 

custom holder, and stored at 77 K until measurements were preformed. 
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IV. Kinetic Studies 
 

General Methods. Kinetic measurements for the reactions of 

[FeIV(O)(N3PyamideSR)]2+ (2) with substrates were performed on a Varian Cary 50 

spectrophotometer (kinetics mode) in CH3CN/CH3OH at -40 °C. Reaction rates and 

pseudo-first-order rate constants (kobs) were measured by the growth of the absorption 

band at 450 nm corresponding to the return of [FeII(N3PyamideSR)]2+ (1). Monitoring the 

disappearance of the 750 nm band corresponding to 2 gave the same results. All reactions 

were performed under pseudo-first-order conditions where the concentration of substrate 

was at least 20-fold greater than the concentration of iron complex. 

 

Reaction of 2 with PhSMe at -40 °C. A solution of 1 (5.0 mL, 0.54 mM) in CH3CN was 

cooled to -40 °C in a flask equipped to accept a submersible UV-vis probe (2 mm path 

length). A solution of PhIO (0.9 mg, 4.1 μmol) was then added in 0.25 mL of MeOH, and 

the reaction mixture was stirred at -40 °C for 30 min or until the full formation of 2 was 

observed by UV-vis spectroscopy. A solution of PhSMe in CH3CN (1.0 x10-2 – 5.0 x10-2 

M, 0.1 mL total volume) was added, and the change in absorbance at 450 nm was 

monitored for ~500 s. The UV-vis spectral changes for a representative reaction are 

shown in Figure S7, and reveal two kinetic phases. The first phase shows good isosbestic 

behavior for the conversion of 2 to 1, followed by a second phase in which the original 

isosbestic point at 322 nm is lost. The first kinetic phase was assigned to the reaction 2 + 

PhSMe à 1 + PhS(O)Me, and typically corresponded to 60 – 70% reaction completion. 

These data were easily modeled with a single exponential function as described below. 

The origin of the second, slower kinetic phase was not determined. A plot of ΔA (450 

nm) versus time (Figure S8) for the first phase was fit to the following single exponential 

function:  

𝐴! = ∆𝐴 𝑒!!!"#! + 𝐴!     (eq 1) 

where At = absorbance at time t; ΔA = total change in absorbance from t = 0 to t = final; Af 

= absorbance at final time t (5 half-lives); and kobs = pseudo-first-order rate constant. 
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The kobs values obtained from the fits to eq 1 were plotted versus  [PhSMe] (Figure S9), 

and found to give a linear relationship. The slope yields the second-order rate constant k 

= 4.3 M-1 s-1 for the reaction between 2 and PhSMe (Figure S9). 

 

Reaction of 2 with 2,4-di-tert-butyl phenol at -40 °C. A solution of 1 in MeCN (4.0 

mL, 0.5 mM) was cooled to -40 °C in a flask equipped to accept a submersible UV-vis 

probe. PhIO (0.54 mg, 2.5 μmol) was added as a solution in 0.1 mL of MeOH and 

allowed to stir for 30 min until full formation of 2 was observed by UV-vis spectroscopy.  

A solution of 2,4-di-tert-butyl phenol (1.0 mmol, 500 equiv) in CH2Cl2 (700 μL) was 

added and the growth of the absorbance at 450 nm was monitored for 80 min (Figure 

S11). Total recovery of 1 was 98% as measured by the absorbance of the final peak at 

650 nm (ε = 6000 M-1 cm-1). The growth of the absorbance at 450 nm was fit using a 

single exponential function to give a kobs = 4.0x10-3 s-1 (Figure S12). 

 

 

 



	
  
	
  

-S16-	
  

 
Figure S7. UV-vis spectral changes over 30 min for the reaction of 2 (0.39 mM) with 

PhSMe (21.6 mM) in CH3CN/CH3OH at -40 °C. Red spectra = first kinetic phase, blue 

spectra = second kinetic phase. Inset: spectral changes for 300 - 380 nm showing the two 

isosbestic points (circles) for the first kinetic phase (322 nm), and the second kinetic 

phase (337 nm). 
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Figure S8. Plots for ΔA(450nm) versus time for the reaction of 2 with PhSMe in 

CH3CN/CH3OH ([PhSMe] = 1.0 x10-2 – 5.0 x10-2 M). Experimental = open circles; best 

fit = red line. 
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Figure S9. Plot of kobs vs  [PhSMe] (squares) and best fit (red line). 
 

V. Yield of PhS(O)Me in the reaction of 2 + PhSMe in CH3CN/CH3OH at -40 °C. 
Compound 1 (1.3 mg, 1.8 μmol) was dissolved in CD3CN (0.25 mL), and cooled to -40 

°C in an acetonitrile/dry ice bath. The oxidant, PhIO (0.47 mg, 2.1 μmol), was added as a 

solution in MeOD (50 μL), and allowed to stand at -40 °C for 45 min. The solution 

lightened in color from orange to yellow. Thioanisole (PhSMe, 10.0 equiv, 2.09 μL) was 

then added as a solution in CD3CN (50 μL), and the reaction mixture was allowed to 

stand at -40 °C for 30 min before warming to room temperature. Peaks in the 1H NMR 

spectrum corresponding to PhSMe and PhS(O)Me were integrated, showing PhS(O)Me 

was formed in 80% yield (versus iron).  

0.0 2.0x10-2 4.0x10-2 6.0x10-2
0.00

0.05

0.10

0.15

0.20

0.25

 

 

k ob
s (

s-1
)

[PhSMe] (M)

 5 half lives
 Linear Fit of B
 % (3,@LG)



	
  
	
  

-S19-	
  

 
Figure S10.  1H-NMR spectrum of the reaction of 2 + thioanisole (10 equiv) at -40 °C, in 

CD3CN/CD3OD, for 30 min. Compound 2 was formed in the sample tube with 1.2 equiv 

PhIO before PhSMe was added. Phenylmethyl sulfoxide (PhS(O)Me, 2.73 ppm) is 

formed in 80% yield (versus iron), as compared to the starting material (PhSMe, 2.44 

ppm), integrations are shown in red.  
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Figure S11. UV-vis spectral changes of 2 + 2,4-di-tert-butyl phenol (500 equiv) over 80 

min in CH3CN/CH3OH at -40 °C.  
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Figure S12. Plot of the change in absorbance at 450 nm for the reaction of 2 + 2,4-di-

tert-butyl phenol (500 equiv) in CH3CN/CH3OH at -40 °C. Experimental = Open circles, 

best fit = red line. 

 

VI. Catalytic oxidations. Compound 1 (1.0 mg, 1.4 μmol) was dissolved in 0.3 mL 

CD3CN, and placed in an NMR tube. Thioanisole (100 equiv, 16 μL) was added as a 

solution in CD3CN (100 μL), and then the oxidant PhIO (50 equiv, 15.1 mg) was added 

as a solution in MeOD (250 μL). Immediately upon addition of the oxidant, there is a 

transient color change to yellow, followed by a darkening toward orange. After 30 min, 

the solution is pale yellow in color, likely due to catalyst decomposition. The reaction 

mixture was allowed to stand for a total of 2 h. Comparison of the 1H NMR peaks for 

PhSMe and PhS(O)Me reveal PhS(O)Me was produced in 85% yield as compared to 

oxidant, which corresponds to ~43 turnovers. 
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Figure S13. 1H NMR spectrum of the catalytic oxidation of thioanisole with 1 as catalyst 

and PhIO as oxidant in CD3CN/CD3OD at 25 °C (PhSMe : PhIO : 1 = 100 : 50 : 1). 

Phenylmethyl sulfoxide (PhS(O)Me, 2.73 ppm) is formed in 85% yield (versus oxidant), 

as compared to the thioanisole (PhSMe, 2.44 ppm), integrations are shown in red.  

 

 
 

 
 

 

 
 

 
 

 

LRW-2-202B.001.esp

9 8 7 6 5 4 3 2 1 0
Chemical�Shift�(ppm)

1.000.85

LRW-2-202B.001.esp

2.75 2.50 2.25
Chemical�Shift�(ppm)

1.000.85

PhS(O)Me PhSMe 

H2O 

MeOH 
MeCN 

PhS(O)Me 

PhSMe 

PhS(O)Me 

PhSMe 



	
  
	
  

-S23-	
  

VII. Density Functional Calculations 

The optimized structures are presented in Figures S14 and S15, with relevant bond 

distances and angles compared with the data from the X-ray structures available in Table 

S1. The bond distances compare favorably except for the Fe-S distances, which are 

known to be over-estimated by DFT calculations.15 Mössbauer parameters calculated by 

using the optimized structures are compared in Table S3. The Mössbauer parameters of 

the 1FeII complex 1 are predicted with a calculated isomer shift within 0.08 mm s-1 and the 

quadrupole splitting within 0.06 mm s-1 of experiment. The Mössbauer parameters for the 

FeIV(O) complex 2 were calculated with the optimized structure obtained from the higher-

level calculations described in the Computational Methods section. The isomer shift of 
3FeIV is underestimated by only 0.01 mm s-1 by DFT, while the quadrupole splitting is 

underestimated by 0.25 mm s-1. These calculated parameters are a reasonable fit to the 

experimental data, and are well within the error seen in the literature.16,14 	
  

	
  
Figure S14. DFT optimized structures of 1[FeII(N3PyamideSR)]2+ using the B3LYP/6-
31G(d) functional on all atoms. 
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Figure S15. DFT optimized structure of [FeIV(O)(N3PyamideSR)]2+ in the triplet (left) and 
quintet (right) spin states. Geometries calculated with LANLDZ on the iron and 6-31G on 
the rest of the atoms, including the auxiliary basis sets def2-SVP/J and def2-SVP/K for 
the RIJCOSX approximation, with DFT at the unrestricted hybrid density functional level 
B3LYP. 
 
Table S1. Comparison of selected bond distances (Å) and angles (°) for the X-ray crystal 
structure of 1, and those obtained from DFT calculations for the FeII (11), ls-FeIV(O) (32) 
and hs-FeIV(O) (52) complexes. 
 

 1 (X-ray) 1FeII a 3FeIV b 5FeIV b 
Fe-O 1.95 1.97 1.65 1.65 
Fe-N4 1.98 2.02 2.09 2.08 
Fe-N3 1.92 1.99 1.99 2.07 
Fe-N2 1.96 2.01 1.98 2.19 
Fe-N1 1.97 1.95 2.03 2.05 
Fe-S 2.29 2.41 2.45 2.75 
C=O 1.25 1.25 N/A N/A 
Fe=O---H N/A N/A 1.83 1.88 
O---H-N N/A N/A 149.73° 149.14° 

 
a 6-31G(d) basis set.  b LANLDZ on the iron and 6-31G basis set on the rest of the atoms, 
including the auxiliary basis sets def2-SVP/J and def2-SVP/K for the RIJCOSX 
approximation. See Computational Methods for complete details. 
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Table S2. Calculated absolute and relative energies of the ls (S =1) and hs (S = 2) forms 
of 2.  

 Ea (Eh) 
ΔE 

(kcal 
mol-1) 

3[FeIV(O)(N3PyamideSR)]2+ -2238.635984 0 
5[FeIV(O)(N3PyamideSR)]2+ -2238.632402 +2.3 

 

a Sum of electronic energy, zero-point energy, and thermal energy in atomic energy units. 
 
Table S3. Comparison of the experimental (exp.) and calculated (calc.) Mössbauer 
parameters for 1 and 2. 
  
 
 
 
 
 
Table S4. Comparison of low-spin and high-spin Mössbauer parameters for selected 
FeIV(O) complexes. 
 δ (mm s-1) ΔEQ (mm s-1) Citation 

Low-Spin (S = 1) 
[FeIV(O)(N4Py)] 2+ −0.04 0.93 17 
[FeIV(O)(TPA)(NCCH3)] 2+ 0.01 0.92 18 
[FeIV(O)(cyclam-CH2CO2)]+ 0.01 1.37 19 
[FeIV(O)(N3PyamideSR)]2+ 0.04 0.80 This work 
[FeIV(O)(TMC)(NCCH3)] 2+ 0.17 1.24 20 
[FeIV(O)(Me,HPytacn)]2+ 0.05 0.73 21 
[FeIV(O)(BisPi1)]2+ 0.02 0.69 22 
[FeIV(O)(TBC)(NCCH3)] 2+ 0.22 0.97 23 

High-Spin (S = 2) 
[FeIVH3buea(O)]− 0.02 0.43 24 
[FeIV(O)(TMG3tren)]2+ 0.09 −0.29 25 
[FeIV(O)(tpaPh)]− 0.09 0.51 26 
CytC3�Fe(II)�RKG�L-Aba-S-CytC2�Br− 
Species 1 0.23 0.81 27 
TyrH1  0.25 −1.27 28 
Prolyl-4-Hydroxylase 0.30 −0.82 29 
TauD 0.31 0.88 30 
CytC3�Fe(II)�RKG�L-Aba-S-CytC2�Br− 
Species 2 0.31 1.06 27 
[FeIV(O)(H2O)5]2+ 0.38 −0.33 31 
 
 

 1[FeII(N3PyamideSR)]2+ 3FeIV 5FeIV 2 
 calc. exp. calc. exp. 

δ (mm s-1) 0.39 0.47 0.03 0.12 0.04 
ΔEQ (mm s-1) 0.82 0.77 0.55 −1.26 0.80 
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Cartesian coordinates for 1FeII (1). 
26 -0.09757 -0.611783 0.371692 
8 -1.030409 -1.01577 2.063982 
16 -0.597811 1.722522 0.700252 
7 0.799787 -0.328836 -1.414015 
6 -2.012969 2.387765 -0.292597 
1 -2.864199 1.758374 -0.016265 
6 -2.356173 3.86748  -0.019712 
1 -2.523649 4.031362 1.052636 
1 -1.526626 4.519099 -0.319723 
6 -3.564418 4.187235 -0.784227 
7 -4.526453 4.335739 -1.418168 
6 0.82058  2.617649 0.050525 
6 1.262357 3.741645 0.756208 
6 1.510173 2.177629 -1.098822 
6 2.367159 4.470261 0.305282 
1 0.73333  4.05074  1.653055 
6 2.621055 2.915867 -1.526207 
6 3.045962 4.056189 -0.839088 
1 2.687772 5.356262 0.845433 
1 3.148691 2.615707 -2.429044 
1 3.899308 4.619192 -1.205386 
6 0.997011 1.063469 -1.982849 
1 0.007326 1.340443 -2.362417 
6 -1.504166 -1.095353 -1.994576 
6 -4.057448 -1.361198 -1.02202 
6 -2.547397 -1.265865 -2.89309 
1 -5.056991 -1.482614 -0.612632 
1 -2.355934 -1.311063 -3.961064 
6 -2.954834 -1.170015 -0.174343 
6 -3.850598 -1.394688 -2.39432 
1 -4.689858 -1.530509 -3.070564 
7 -1.706849 -1.017145 -0.650536 
7 0.624127 -2.474574 0.133813 
6 0.22015  -3.654221 0.637542 
6 1.720766 -2.457532 -0.664013 
1 -0.647367 -3.621403 1.287423 
6 2.429392 -3.606959 -0.994035 
6 1.999552 -4.83135 -0.470144 
1 3.29897  -3.553723 -1.643213 
1 2.531159 -5.748415 -0.70848 
7 1.698039 -0.217393 1.140915 
6 2.067105 0.186301 2.368983 
6 2.656544 -0.406372 0.202335 
1 1.260353 0.318781 3.082438 
6 4.005364 -0.192821 0.458146 
6 4.3849  0.226535 1.737029 
1 4.747985 -0.35475 -0.318015 
1 5.432303 0.396364 1.970523 
6 0.880598 -4.851363 0.362565 
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6 3.400298 0.411629 2.707842 
1 -1.832114 2.234043 -1.360739 
6 -0.044545 -1.079885 -2.41359 
6 2.092159 -1.036612 -1.067664 
7 -3.161595 -1.140667 1.22048 
1 0.521078 -5.779747 0.795062 
1 3.657828 0.721995 3.715628 
1 0.072538 -0.657281 -3.418318 
1 0.304417 -2.114488 -2.472722 
1 2.816676 -1.019066 -1.893677 
1 1.650907 0.974211 -2.861524 
6 -2.257066 -1.141432 2.259603 
6 -2.805677 -1.336511 3.68251 
1 -4.126769 -1.236889 1.512391 
6 -2.277757 -0.173885 4.560138 
1 -1.18596 -0.133864 4.550048 
1 -2.66653 0.796156 4.231766 
1 -2.598035 -0.322201 5.595621 
6 -2.232658 -2.68531 4.199377 
1 -2.553348 -2.846588 5.232999 
1 -2.599884 -3.537926 3.614968 
1 -1.139563 -2.68599 4.184352 
6 -4.348173 -1.376234 3.751128 
1 -4.663471 -1.48971 4.792338 
1 -4.81833 -0.446655 3.402475 
1 -4.782556 -2.237749 3.224349 
 
Cartesian coordinates for 3FeIV(O) (32). 
26 0.052835 -0.020757 -0.045694 
16 -1.136154 2.089055 0.324624 
6 -2.782267 2.239344 -0.658584 
6 -3.428848 3.623213 -0.447736 
6 -4.704308 3.674496 -1.163590 
7 -5.717883 3.679503 -1.750349 
1 -3.600468 3.811558 0.619013 
1 -2.771958 4.418568 -0.819973 
1 -3.399958 1.442557 -0.240233 
1 -2.585274 2.036450 -1.712220 
6 -0.035580 3.389114 -0.428318 
6 0.073874 4.595445 0.271784 
6 0.913675 5.608275 -0.213121 
6 1.657354 5.394749 -1.376820 
6 1.555026 4.176016 -2.057741 
6 0.706222 3.151191 -1.602039 
6 0.513694 1.936203 -2.479202 
7 0.782346 0.542222 -1.920129 
6 0.169830 -0.440271 -2.898917 
6 -1.216461 -0.838929 -2.462935 
7 -1.468593 -0.850782 -1.107396 
6 -2.680020 -1.343609 -0.657267 
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7 -2.897838 -1.388264 0.710557 
6 -4.090648 -1.790439 1.369974 
8 -5.110199 -2.093246 0.728781 
6 -4.073215 -1.871884 2.904080 
6 -5.357541 -1.161687 3.410646 
1 -5.326140 -0.084075 3.205584 
1 -6.243542 -1.577144 2.926229 
1 -5.448998 -1.303021 4.492866 
6 -4.152057 -3.384559 3.267329 
1 -4.204954 -3.494863 4.355892 
1 -5.042770 -3.841165 2.828319 
1 -3.269212 -3.930463 2.911621 
6 -2.824386 -1.247040 3.559219 
1 -2.714143 -0.182071 3.315322 
1 -2.921705 -1.321312 4.647338 
1 -1.898498 -1.767900 3.287317 
1 -2.104057 -1.139702 1.297861 
6 -3.654495 -1.783620 -1.589903 
6 -3.389068 -1.730494 -2.946984 
6 -2.149713 -1.251348 -3.399395 
1 -1.912745 -1.216185 -4.456688 
1 -4.139591 -2.063651 -3.654147 
1 -4.595259 -2.145405 -1.204116 
1 0.149547 -0.003133 -3.902119 
1 0.801245 -1.329187 -2.959094 
6 2.250666 0.246070 -1.633339 
6 2.295198 -1.224546 -1.230552 
7 1.260913 -1.547803 -0.404297 
6 1.143987 -2.792012 0.107167 
6 2.078488 -3.780497 -0.213832 
6 3.143171 -3.465631 -1.065841 
6 3.258523 -2.163974 -1.582786 
1 4.073065 -1.898342 -2.246482 
1 3.875524 -4.220236 -1.329461 
1 1.967530 -4.773771 0.203197 
1 0.309673 -2.971003 0.771669 
6 2.643520 1.016237 -0.383109 
7 1.696210 0.914750 0.589422 
6 1.935076 1.378337 1.836897 
6 3.158975 1.978622 2.148879 
6 4.132297 2.108010 1.152362 
6 3.873120 1.618284 -0.138057 
1 4.616461 1.694953 -0.923476 
1 5.084069 2.575848 1.376999 
1 3.344343 2.333710 3.155121 
1 1.145914 1.238857 2.564773 
1 2.895934 0.469174 -2.488838 
1 -0.526613 1.895623 -2.818032 
1 1.133415 2.044397 -3.377956 
1 2.121354 4.028634 -2.972563 
1 2.307416 6.173056 -1.760573 
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1 0.981769 6.550706 0.318236 
1 -0.490537 4.748486 1.184931 
8 -0.371158 -0.564297 1.456453 
 

Cartesian coordinates of 5FeIV(O) (52). 
26 0.004018 -0.200749 -0.007543 
16 -1.216514 2.231970 0.389987 
6 -2.899526 2.562436 -0.484983 
6 -3.401798 3.994737 -0.214001 
6 -4.698625 4.192546 -0.865769 
7 -5.732052 4.314677 -1.403887 
1 -3.501805 4.169222 0.863803 
1 -2.688000 4.731848 -0.599899 
1 -3.564380 1.815400 -0.046686 
1 -2.785315 2.369215 -1.553050 
6 -0.034971 3.393472 -0.455685 
6 0.239396 4.609059 0.181015 
6 1.169337 5.498521 -0.376961 
6 1.822624 5.165391 -1.566655 
6 1.550042 3.944077 -2.192074 
6 0.626056 3.032816 -1.648283 
6 0.303856 1.783328 -2.431028 
7 0.711341 0.411583 -1.870148 
6 0.148104 -0.617077 -2.834765 
6 -1.257754 -0.994205 -2.443263 
7 -1.544759 -0.996042 -1.088659 
6 -2.780027 -1.457243 -0.659949 
7 -3.023628 -1.491547 0.698946 
6 -4.239214 -1.867675 1.339895 
8 -5.243014 -2.175427 0.678155 
6 -4.263064 -1.905880 2.875087 
6 -5.539471 -1.145524 3.327737 
1 -5.474454 -0.076193 3.091202 
1 -6.425237 -1.553103 2.836854 
1 -5.657839 -1.250600 4.411093 
6 -4.397186 -3.404560 3.279941 
1 -4.499197 -3.477594 4.367906 
1 -5.281055 -3.850742 2.817889 
1 -3.515215 -3.983343 2.980114 
6 -3.015000 -1.293494 3.543964 
1 -2.881993 -0.234940 3.284443 
1 -3.135338 -1.345881 4.630749 
1 -2.094428 -1.838160 3.301868 
1 -2.239734 -1.254047 1.302675 
6 -3.744501 -1.872189 -1.614864 
6 -3.442535 -1.833270 -2.963928 
6 -2.178121 -1.391579 -3.394171 
1 -1.920596 -1.372264 -4.446566 
1 -4.184437 -2.149827 -3.687411 
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1 -4.702612 -2.210086 -1.251308 
1 0.172183 -0.220384 -3.854826 
1 0.781646 -1.504583 -2.819521 
6 2.210373 0.259651 -1.631180 
6 2.469086 -1.204733 -1.281806 
7 1.528191 -1.709672 -0.437217 
6 1.655953 -2.958086 0.062588 
6 2.750522 -3.758902 -0.283490 
6 3.713662 -3.253861 -1.163854 
6 3.574595 -1.951538 -1.674902 
1 4.313003 -1.540399 -2.353640 
1 4.564338 -3.860679 -1.451591 
1 2.843004 -4.754014 0.132827 
1 0.879528 -3.294954 0.738161 
6 2.565546 1.042039 -0.373089 
7 1.654528 0.867839 0.625429 
6 1.897307 1.335038 1.872956 
6 3.084256 2.013828 2.160732 
6 4.017280 2.219128 1.137959 
6 3.757427 1.724960 -0.150378 
1 4.471717 1.865914 -0.953174 
1 4.940240 2.750109 1.340598 
1 3.273037 2.373266 3.164540 
1 1.134905 1.143497 2.617963 
1 2.792874 0.583732 -2.499840 
1 -0.773238 1.695815 -2.596242 
1 0.778053 1.860206 -3.417341 
1 2.044636 3.704275 -3.128706 
1 2.531403 5.854155 -2.012445 
1 1.374277 6.443061 0.114019 
1 -0.267586 4.861828 1.105678 
8 -0.438717 -0.740200 1.484566 
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