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Experimental Section 

 

Materials and Instrumentation. Commercially available chemicals were used without further 

purification unless otherwise indicated. Solvents were dried according to published procedures 

and distilled under Ar prior to use.S1 D2O (98% D-enriched) was purchased from ICON 

Services Inc. (Summit, NJ, USA). The nonheme iron(II) complex was prepared according to 

the modified literature methods.S2 UV-vis spectra were recorded on a Hewlett Packard Agilent 

Cary 8454 UV-visible spectrophotometer equipped with a T2/sport temperature controlled 

cuvette holder. X-ray diffraction (XRD) patterns were acquired using D/MAX-2200/VPC Rigaku at 

the National Research Facilities and Equipment Center (NanoBio∙Energy Materials Center) at Ewha 

Womans University. Electrospray ionization mass spectra (ESI MS) were collected on a Thermo 

Finnigan (San Jose, CA, USA) LTQTM XL ion trap instrument, by infusing samples directly 

into the source at 5.0 μL/min using a syringe pump. The spray voltage was set at 4.7 kV and 

the capillary temperature at 120 oC. X-band EPR spectra were recorded at 80 K using an X-

band Bruker EMX-plus spectrometer equipped with a dual mode cavity (ER 4116DM) and a 

JEOL X band spectrometer (JESFA100). Electrochemical measurements were performed on a 

CHI617B electrochemical analyzer (CH Instruments, Inc.) in CH3CN containing 0.10 M 

Bu4NPF6 (TBAPF6) or in H2O containing 0.10 M NaClO4 as supporting electrolytes at 20 ℃, 

respectively. A conventional three-electrode cell was used with a glassy carbon working 

electrode (surface area of 0.030 cm2), a platinum wire as a counter electrode and an Ag/Ag+ 

electrode as a reference electrode (in CH3CN) or an Ag/AgCl, 1.0 M KCl electrode as a 

reference electrode (in H2O), respectively. The glassy carbon working electrode was routinely 

polished with BAS polishing alumina suspension and rinsed with acetone and acetonitrile 

before use. The measured potentials were recorded with respect to an Ag/Ag+ (0.010 M) 

reference electrode (in CH3CN) or an Ag/AgCl, 1.0 M KCl reference electrode (in H2O), 

respectively. All potentials (vs Ag/Ag+ or Ag/AgCl) were converted to values vs Fc/Fc+ by 

subtracting 0.09 V or 0.02 V, respectively. Solid IR signals for samples were recorded on an IR 

instrument (Remspec #: 626). Solid IR data of both 2-OOH (12 mM) and 2-OOD (12 mM) 

were obtained by isolating 2 under N2 atmosphere, respectively. 

 

DFT Calculations. Geometry optimization of 2 was fully optimized by using the Gaussian 

09S3 program with the B3LYP density functional at the LANL2DZ/6-31G** level,S4-S17 



whereas no imaginary frequencies were observed. In addition, the solvent effect of the 

polarizable continuum model (PCM) with acetonitrile (ε = 35.688) and temperature (293 K) 

was also applied.S18  

 

Synthesis of N3PPh3 ligand. The cationic N3PPh3 ligand (N3PPh3 = (3-(bis(pyridine-2-

ylmethyl)amino)triphenylphosphonium) was synthesized in two steps. A mixture CH3CN 

solution of 3-bromopropylamine hydrobromide (10.0 mmol) and triphenylphosphine (10.0 

mmol) was stirred at 82 ℃ under reflux for 12 hours. The mixture was cooled down to room 

temperature. Hexane was added to the solution and the resulting solution was dissolved in 

isopropyl alcohol. Diethyl ether was then added, and the reaction solution was left overnight 

in refrigerator to give the product as a white solid (compound 1). The next step is mixing 

compound 1 (5.00 mmol), 2-pyridinecarboxaldehyde (10.0 mmol), acetic acid (10.0 mmol), 

and sodium triacetoxyborohydride (13.3 mmol) in THF (30.0 mL). The mixture was stirred at 

room temperature for 3 days. After removing the solvent in vacuo, the residue was dissolved 

in CH2Cl2 and washed three times with saturated NaHCO3 solution, dried over NaSO4, filtered 

and evaporated. The N3PPh3 ligand was isolated as yellowish-brown oil (yield ~ 70%). 

Elemental analysis: calcd. for C33H33BrN3P (N3PPh3Br): C, 68.04; H, 5.71; N, 7.21.S2 

 

Synthesis and Characterization of Mononuclear Iron(II) Complexes. The mononuclear 

iron(II) complex bearing N3PPh3 ligand, [FeII(N3PPh3)]
3+, was prepared by reacting N3PPh3 

ligand and slight excess of Fe(ClO4)2∙xH2O in CH3CN (Scheme S1a). [FeII(N3PPh3)(SA)]2+ 

(1, SA = salicylate), was obtained by reacting [FeII(N3PPh3)]
3+ with 1.5 equiv of sodium 

salicylate in CH3CN at 20 °C. The iron(III)-hydroperoxo complex, 

[FeIII(OOH)(N3PPh3)(SA)]2+ (2), was synthesized by treating the solution of 1 with 2.0 equiv 

of perchloric acid in air-saturated CH3CN at 20 oC. Isolated 2 was prepared by adding excess 

diethyl ether to the CH3CN-solution containing 2.0 mM of 2 under N2 atmosphere and dried in 

vacuo. Elemental analysis: calcd (found). for C44H44Cl2FeN5O11P: C, 47.65 (47.11); H, 4.45 

(4.54); N, 7.36 (7.17). 

 

Reactivity Studies. Kinetic measurements were performed on a Hewlett Packard 8453 

photodiode-array spectrophotometer for the oxygen atom transfer and O−H bond activation 

and aldehyde oxidation reactions by 2 in CH3CN at 20 °C. Reactions were run in a 1.0 cm UV 



cuvette, monitoring UV-vis spectral changes of reaction solutions. Rate constants were 

determined under pseudo-first-order conditions (e.g., [substrate]/[2] > 10) by fitting the 

absorbance changes at 570 nm due to 2. For the oxygen atom transfer, O−H bond activation 

and and aldehyde oxidation reactions by 2, the time dependence of the absorbance at 570 nm 

due to the decay of 2 was fitted with single exponential function to give kobs (s
−1) under the 

pseudo-first-order conditions in CH3CN at 20 °C.  

The kinetic experiments were run at least in triplicate, and the data reported represent the 

average of these reactions. 

 



Scheme S1 Synthetic route of (a) N3PPh3 ligand and (b) [Fe(N3PPh3)(L)]3+ (L = solvent or anion) 

  



 

Scheme S2 Proposed mechanisms of oxygen atom transfer reactions by 2. 

  



 

Scheme S3. Proposed mechanisms of O-H bond activation reactions by 2. 

  



Fig. S1 (a) UV-vis spectral changes obtained in the reaction between [Fe(N3PPh3)]
3+ (0.50 mM, black 

line) and sodium salicylate (1.0 mM, blue line) in CH3CN at 20 oC. (b) ESI-MS spectrum of 

[Fe(N3PPh3)(SA)]2+ (1). The peaks at m/z = 347.6 and 830.9 correspond to [Fe(N3PPh3)(SA)]2+ 

(calculated m/z = 347.6) and [Fe(N3PPh3)(SA)(CH3CN)(CH3OH)2(CH3O)]+ (calculated m/z = 831.3), 

respectively. (c) Overlaid ATR FT-IR spectra of the [Fe(N3PPh3)]3+ (black line), [Fe(N3PPh3)(SA)]2+ 

(red line), and sodium salicylate (blue line). The spectra were recorded from solid samples deposited 

on the ATR crystal. 

 



Fig. S2 Cyclic voltammogram of 1 (2.0 mM, blue line) in CH3CN with a glassy carbon working 

electrode at 20 oC. 

 



Fig. S3 UV-vis spectral changes of 2 obtained in the reaction of between 1 (0.50 mM, blue line) with 

perchloric acid (0.50 mM, red line) in air-saturated CH3CN at 20 oC. Inset shows the time course 

monitored at 570 nm due to the natural decay of 2. 

  



  

Fig. S4 (a) DFT-optimized structure for 2. Hydrogens are omitted for clarity except for aqua, salicylate 

and hydroperoxo ligand. Atom colors: Fe, brown; N, blue; O, red; P, orange; C, grey; H, white. (b)  

simulated UV-vis spectrum according to the optimized structure. 

 

  



Fig. S5 (a) UV-vis spectral changes obtained in the reaction between 2 (0.50 mM) and NaI (5.0 mM) in 

CH3CN at 20 oC. Inset shows the time course recorded at 360 nm due to the formation of I3
-. 

 



Fig. S6 (a) UV-vis spectral changes obtained in the reaction between 2 (0.50 mM) and 

triphenylphosphine (5.0 mM) in CH3CN at 20 oC. (b) Plot of kobs against the concentrations of 

triphenylphosphine obtained in the reaction between 2 (0.50 mM) and substrates in CH3CN at 20 oC. 



Fig. S7 Plot of kobs against the concentrations of (a) 4-methoxythioanisole, (b) 4-methylthioanisole, (c) 

thioanisole, (d) 4-fluorothioanisole, (e) 4-bromothioanisole, (f) 4-cyanothioanisole, and (g) 4-

nitrothioanisole obtained in the reaction between 2 (0.50 mM) and substrates in CH3CN at 20 cC. 

  



 

Fig. S8 UV-vis spectral changes obtained in the reaction between 2 (0.50 mM) and 4-nitrothioanisole 

(25 mM) in CH3CN at 20 oC. 

  



 

Fig. S9 (a) ESI-MS spectrum of reaction of 2 and thioanisole. The peak at m/z = 610.2 corresponds to 

[Fe(N3PPh3)(H2O)(OH)2]+ (calculated m/z = 610.2). (b) ESI-MS spectrum of reaction of 2 and 2,4,6-

tri-tert-butylphenol. The peaks at m/z = 610.3, 628.4, 683.2, and 756.1 correspond to 

[Fe(N3PPh3)(H2O)(OH)2]+, [Fe(N3PPh3)(H2O)2(OH)2]+, [Fe(N3PPh3)(CH3CN)(H2O)2(OH)(CH3O)]+, 

and [Fe(N3PPh3)(ClO4)2]+ (calculated m/z = 610.2, 628.4, 683.2, and 756.1), respectively. 

  



 

Fig. S10 Plot of kobs against the concentrations of (a) 2,6-di-tert-butyl-4-methoxyphenol, (b) 2,6-di-tert-

butyl-4-methylphenol, (c) 2,4,6-tri-tert-butylphenol, (d) 2,6-di-tert-butylphenol, (e) 2,6-di-tert-butyl-4-

bromophenol, and (f) 2,6-di-tert-butyl-4-cyanophenol obtained in the reaction between 2 and substrates 

in CH3CN at 20 oC. 



 

Fig. S11 Plot of log k2 against (a) σρ
+, (b) pKa, and (c) E1/2 of 2,6-di-tert-butyl-p-X-phenol (X = OMe, 

Me, tBu, H, and Br). The E1/2 values for p-X-2,6-di-tert-butylphenol and p-CN phenol are not known, 

hence p-X-phenol is used for (c), excluding p-CN. 

 

  



 

Fig. S12 (a) UV-vis spectral changes obtained in the reaction between 2 (0.50 mM) and benzoyl chloride 

(100 mM) in CH3CN at 20 cC. (b) Plot of kobs against the concentrations of benzoyl chloride obtained 

in the reaction between 2 (0.50 mM) and substrates in CH3CN at 20 oC. 

  



 

Fig. S13 Plot of kobs against the concentrations of deuterated-2-phenylpropionaldehyde (d-2-PPA) 

obtained in the reaction between 2 (0.10 mM) and d-2-PPA in CH3CN at 20 oC. 

 

  



 

Fig. S14 (a) UV-vis spectral changes obtained in the reaction between 2 (0.10 mM) and 

cyclohexanecarboxaldehyde (CCA, 10 mM) in CH3CN at 20 cC. (b) Plot of kobs against the 

concentrations of CCA obtained in the reaction between 2 (0.10 mM) and CCA in CH3CN at 20 oC. 

. 
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