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Three new amine/pyridine Fe II complexes bearing pentadentate ligand with one, two or three electron enriched 4methoxy-3,5-dimethylpyridine were used as catalysts for the oxidation of small organic molecules by hydrogen peroxide. The distribution of products formed suggests that these ligands are not enough electron donating to promote the O-O heterolytic cleavage of the oxidant in order to generate selective Fe V (O) species. Using acetic acid in the reaction mixtures results in a significant increase of the efficiency of these catalytic systems. Our investigations show that the use of AcOH leads to the protonation/dissociation of a pyridyl moiety and the formation of (N4)Fe II (OAc)(OH) species. These complexes readily react with excess hydrogen peroxide to yield (N4)Fe III (OAc)(OOH) intermediates. These latter intermediates are proposed to evolve into (N4)Fe IV (OAc)(O), which are more efficient than the usual (N4)Fe IV (O) and (N5)Fe IV (O).

Introduction

The development of efficient, selective and sustainable methods for the oxidative transformation of hydrocarbons is required to replace the energy-demanding or harmful technologies used on a large scale by the chemical industry. [START_REF] Teles | Oxidation in Applied Homogeneous Catalysis with Organometallic Compounds: A Comprehensive Handbook in Four Volumes[END_REF] Inspired by nonheme iron enzymes capable to activate O 2 to carry out hydrocarbon oxidations, [START_REF] Kal | [END_REF]3] numerous studies on nonheme Fe II complexes catalyzing the oxygenation of alkanes and alkenes by H 2 O 2 have been reported. [4] In these systems, the steady-state generation of Fe III (OOH) intermediates has been observed [5][6][7] and the homo-or heterolytic nature of their O-O bond cleavage was found to essentially depend on the ligand framework. With tetradentate N 4 ligands leaving two cis labile sites on the metal center, the (N 4 )Fe III (OOH) species cleave heterolytically to yield selective Fe V (O)(OH) oxidizing species. [8] On an other hand, with pentadentate N 5 ligands, the cleavage in (N 5 )Fe III (OOH) species is homolytic which generates pairs of Fe IV (O) / hydroxyl radicals oxidants, [9] [10] frequently resulting in unselective oxidations due to these latter species. Nonetheless, the interplay between Fe IV (O) and HO • is beneficial in aromatic hydroxylation. [11][12][13] Learning from heme enzymes in which the heterolytic cleavage is promoted by the so-called push-pull effect, [14] we were wondering if pentadentate nonheme (N 5 )Fe III (OOH) complexes could switch from a homolytic to a heterolytic cleavage with electron rich ligands (push effect) and in the presence of acetic acid to protonate the distal oxygen atom (pull effect).

We report herein that the electron-donating character of these new ligands is not strong enough by itself to promote the O-O heterolytic cleavage of the resulting Fe III (OOH) species. However, in the presence of acetic acid the catalytic efficiency of these complexes towards the oxidation of alkanes and alkenes by H 2 O 2 is enhanced. In contrast to the expected acid-triggered heterolytic O-O cleavage reported in the literature, [15] we show that the most obvious effect of acetic acid is to enhance the reactivity of the (N 5 )Fe II complexes with hydrogen peroxide which leads to the formation of (N 4 )Fe III (OOH) intermediates. As shown in this paper, the use of acetic acid is beneficial since it helps in forming an intermediate which is known to be precursor to a high-valent Fe(O) species following O-O scission.

Results and Discussion

Ligands and complexes.

The ligands used in this study are derived from the well-known pentadentate ligand L 5 2 by substitution of one, two or three pyridines by electron enriched 4-methoxy-3,5-dimethylpyridine moieties in 1, 2 and 3, respectively (Scheme 1 and Supporting Information). Complexation of these ligands with Fe II (OTf) 2 , as described in the Supporting Information, yielded the complexes [(1)Fe II (OTf)](OTf), [(2)Fe II (OTf)](OTf) and [(3)Fe II (OTf)](OTf). These complexes display a pseudo-octahedral geometry with the ligand bound in a pentadentate fashion and a triflato anion to complete the coordination sphere (Figure 1). For all complexes, the Fe-N distances are ca. 2.2 Å, which is characteristic of high spin (S=2) S1 and Figures S16-S18). The cyclic voltammograms (CVs) of these complexes dissolved in acetonitrile display reversible Fe III /Fe II waves with potential values depending on the number of electron-rich pyridine moieties: the richer the ligand, the smaller the potential value. The E 1/2 values are observed at 0.76, 0.81 and 0.93 V vs SCE with the ligands 3, 2 and 1, respectively (Figure S19 and Table S2). By comparison, the Fe III /Fe II wave of [(L 5 2 )Fe II (MeCN)] 2+ is observed at 0.95 V vs SCE, strongly suggesting that the triflato ligand in S3). Such values are characteristic of low spin (S=0) Fe II complexes, whereas much weaker extinction coefficients values would be observed for high spin Fe II complexes, [5] i.e. with triflato as exogenous ligand.

Catalytic oxidations.

The catalytic activity of [(1)Fe II (OTf)](OTf), [(2)Fe II (OTf)](OTf) and [(3)Fe II (OTf)](OTf) towards aliphatic, aromatic and olefin oxidation was assessed using H 2 O 2 as oxidant and cyclohexane, anisole and cyclooctene as probe substrates (Table 1). All of these catalytic systems display a significant activity toward the tested substrates. With anisole (entries 1, 3, 5), orthomethoxyphenol is observed as the major product with satisfactory yields for all the complexes. Aromatic hydroxylation initiated by non heme Fe III (OOH) intermediates which cleave into a [Fe IV (O) + HO • ] oxidant couple has been shown to essentially occur on the ortho-position. [5,9,[11][12][13][16][17][18] Oxidation of cyclooctene favours epoxidation over dihydroxylation, as generally observed with related catalytic systems. [5] With cyclohexane, a mixture of alcohol and ketone products are observed which is another diagnosis for the transient formation of Fe III (OOH) intermediates which evolve via homolytic cleavage into Fe IV (O) and HO • which will produce long-lived alkyl radicals upon H-abstraction to the substrate. [19] While the results observed with [(1)Fe II (OTf)](OTf) and [(2)Fe II (OTf)](OTf) are very similar, [(3)Fe II (OTf)](OTf) appears significantly more efficient towards epoxidation and alkane hydroxylation. Very efficient O-atom insertion reactions into alkenes or alkanes are observed when Fe V (O) oxidants are generated, i.e. following heterolytic cleavage of the Fe III (OOH) species. [START_REF] Company | Selective Alkane Oxidation[END_REF][START_REF] Serrano-Plana | Inorganic Reaction Mechanisms, Inorganic Reaction Mechanisms[END_REF] However, the yields and distribution of products are not different enough to conclude that a switch in reactivity, from a homolytic O-O cleavage with ligands 1 and 2 to a heterolytic one with 3, is happening. Thus, even with the most electron rich ligand 3 the push electronic effect does not seem to be sufficient to promote a heterolytic O-O cleavage and the generation of a Fe V (O) species. Therefore, we planned to use AcOH to assist the weak push effect with a potential pull effect in order to boost the catalytic activity.The same catalytic assays were performed in the presence of 200 eq. AcOH (entries 2, 4, 6). For anisole oxidation, the results are virtually identical to those in the absence of AcOH. In contrast, for cyclooctene and cyclohexane oxidation, clear enhancement in the formation of the epoxide and the alcohol are observed when AcOH is present. For cyclooctene, the epoxide is the very major product for all catalysts, with [(3)Fe II (OTf)](OTf) yielding 80% conversion. For cyclohexane, the presence of AcOH enhances the total product yield up to 60-70% for [(1)Fe II (OTf)](OTf) and [(2)Fe II (OTf)](OTf) and up to 90% for [(3)Fe II (OTf)](OTf). For all catalysts, cyclohexanol is the major product and the alcohol / ketone (A/K) ratios exceeds 1, whereas it is below 1 in absence of AcOH. A/K values larger than 1 point towards the involvement of a metal-oxo oxidant. Even if this value remains fairly close to 1, it seems evident that the presence of AcOH in the reaction mixture gives rise to a switch in reactivity. Complementary spectroscopic experiments were performed to get mechanistic insights into the mechanism of H 2 O 2 activation induced by the presence of AcOH.

Characterization of reaction intermediates.

Addition of 100 eq. H 2 O 2 to a 1 mM solution of complex in MeOH at 20°C was followed by stopped flow UV-visible spectroscopy (Figure 2). For [(1)Fe II (OTf)](OTf) and [(2)Fe II (OTf)](OTf) an absorption band at ca. 530 nm progressively develops, characteristic of the hydroperoxo-to-Fe III charge transfer in (N 5 )Fe III (OOH) intermediates. Such species obtained with parent complexes display extinction coefficient for this band of ca. 1000 M -1 cm -1 . [5,6,16] Thus, the conversion into a (N 5 )Fe III (OOH) intermediate can be estimated to be between 50 and 70% for [(1)Fe II (OTf)](OTf) and [(2)Fe II (OTf)](OTf), respectively. Surprisingly, no such spectroscopic evolution is observed when [(3)Fe II (OTf)](OTf) is reacted with H 2 O 2 under the same conditions (Figure 2C) indicating that the expected (N 5 )Fe III (OOH) intermediate does not accumulate with the more electrondonating ligand 3. Aliquots were taken from these reaction mixtures at the apex of the 530-nm absorption before its decay (or when the development 
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of the absorption at ca. 500 nm ceased for [(3)Fe II (OTf)](OTf)) and the samples were studied by EPR (Figure 3). For the three complexes, EPR resonances are observed around g = 2, characteristic of the presence of low spin Fe III species and only residual signals at g = 4.3 due to ubiquitous high spin Fe III (Figures 3 andS21).

Table 1. Oxidation of substrates by hydrogen peroxide catalyzed by the three complexes at room temperature in the absence or presence of 200 eq. AcOH. [a] Yields are given as % based on starting H2O2.

Anisole [b] Cyclooctene Cyclohexane S21), [9,11,22][23] or a mixture of (N 5 )Fe III (OOH) and (N 4 )Fe III (OOH) species. [24,25] The more rhombic set of values are assigned to (N 5 )Fe III (OMe/OH) species, which are the precursors of the Fe III (OOH) intermediates. [START_REF] Martinho | [END_REF] In contrast, for [(3)Fe II (OTf)](OTf), the major species is a (N 5 )Fe III (OMe/OH) with g = 2.34, 2.15, 1.93 and only weak resonances are observed at g = 2.22 and 1.97 indicating that (N 5 )Fe III (OOH) is hardly accumulated in this case, in agreement with the UV-visible experiments.

entry o-MeO-PhOH Cyclooctene-oxide cyclooctane-1,2-diol cyclohexanol cyclohexanone -ol / -one [c]
Reaction of the three complexes with H 2 O 2 in acetonitrile only led to a slight increase in the absorption at ca. 500 nm as seen by visible absorption spectroscopy (Figure 4) indicating that the (N 5 )Fe III (OOH) species do not accumulate to a large extent in these conditions, as generally observed with parent complexes. [26][5,6] This conclusion is confirmed by EPR spectroscopy which shows that, for all three complexes, formation of (N 5 )Fe III (OH) species is prevalent over the formation of the (N 5 )Fe III (OOH) species (Figures 5 andS22). Interestingly, when the reactions were performed in the presence of 200 eq AcOH, development of an absorption band around 510-515 nm was observed for the 3 complexes suggesting the accumulation of Fe III (OOH) intermediates (Figure 4). 
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with AcOH EPR analysis of these samples confirmed this former assumption with the detection of intense resonances at g ca. 2.22, 2.16, 1.97/1.96 for the three complexes which can be ascribed to Fe III (OOH) species (Figure 5). However these EPR signatures are significantly different to those observed in MeOH in the absence of AcOH (Figure 3). In particular, they do not display two resolved g max values as described above. This observation strongly suggests that distinct Fe III (OOH) species are generated depending on the absence or presence of AcOH. The ca. 500 cm - 1 shift of the absorption maxima (Figures 2 and4) is also consistent with the generation of different Fe III (OOH) intermediates. Interestingly, the EPR spectra observed for all three complexes in the presence of AcOH is almost identical (2.20, 2.16, 1.96) to the one reported for a (N 4 )Fe III (OOH) intermediate supported by the tetradentate ligand N,N'-dimethyl-N,N'-bis(2-(3,5-dimethyl-4-methoxy-pyridylmethyl)ethane-1,2-diamine, i.e. the electron-rich version of the bpmen ligand with two methyl and one methoxy groups on the pyridines. [27] Note that, numerous (N 4 )Fe III (OOH) intermediates display similar EPR g values. [15,24,28] Thus, it can be proposed that (N 4 )Fe III (OOH) species are formed when the (1)Fe II , (2)Fe II or (3)Fe II precursors are reacted with hydrogen peroxide in the presence of AcOH. This proposition implies the dissociation of a pyridyl arm.

To test this hypothesis, we compared the electronic absorption spectra of the three Fe II complexes in the absence and presence of AcOH. In all cases, a similar evolution is observed upon addition of the acid, with a persistence of the d  → *(pyridines) charge transfer at nearly the same position but with a 25-35% decrease of its extinction coefficient indicating a structural change has occurred (Figure S20 and Table S3). The decrease in intensity suggests the conversion of a small amount of the initial low spin Fe II complex into a high spin one, which is characterized by a lower extinction coefficient (1000-2000 M -1 .cm -1 ). [5,16,29,30] Protonation of a pyridyl arm would result in its dissociation and the resulting vacant site could be occupied either by the nascent acetate ion or an acetonitrile solvent molecule. However, in this latter case, the Fe II complex would remain low spin and the intensity would not be significantly affected. In contrast, (N 5 )Fe II complexes with an exogenous anionic ligand to complete the coordination sphere are generally HS (S = 2), [5,29,31] in agreement with the X-ray structure of these complexes (Figure 1). Thus, it is plausible that the use of AcOH results in the protonation/dissociation of a pyridyl arm and subsequent coordination of acetate on the vacant position to form a (N 4 )Fe II (OAc) complex, which would likely be HS. However, the formation of this new species is not quantitative as indicated by the moderate decrease of the UV-visible absorption, which can be ascribed to the very weak acidity of AcOH (pK a = 23.5 in acetonitrile). Nonetheless, the formation of the (N 4 )Fe II (OAc) complex promotes the reaction with hydrogen peroxide and the formation of the (N 4 )Fe III (OOH) intermediate. Que and coworkers recently reported on the beneficial effect of AcOH in the formation of (BnTPEN)Fe III (OOH) (BNTPEN is the pentadentate ligand Nbenzyl-N,N',N'-tris(2-pyridylmethyl)-1,2-diamino-ethane)). [32] They proposed that AcOH protonates the low spin (N 5 )Fe III (OH) formed upon oxidation of the (N 5 )Fe II precursor by H 2 O 2 to convert it in a putative high spin (N 5 )Fe III (OH 2 ) more reactive towards hydrogen peroxide, and goes on to form (BnTPEN)Fe III (OOH). In our case, we observe the formation of a (N 4 )Fe III (OOH), and thus our mechanistic proposal is different. 

Mechanistic investigation on the effect of AcOH.

Using the three Fe II complexes, we monitored the formation of the Fe III (OOH) species by stopped-flow UV-visible spectrophotometry.

In each case, 100 eq. H 2 O 2 vs Fe and different amounts of AcOH (from 2 to 200 eq) were used. Even as low as 2 eq. AcOH vs Fe are enough to promote the formation of the (N 4 )Fe III (OOH) species (Figure S23). Interestingly, the time traces for the formation of the (N 4 )Fe III (OOH) intermediates show that the rate depends on the concentration in AcOH for low [AcOH] but appears independent for high concentrations. As revealed by the initial slopes of the time traces for [(1)Fe II (OTf)](OTf) and [(2)Fe II (OTf)](OTf), an obvious increase of the formation rate is observed with increasing amounts of AcOH for 2, 5, 10, 15 and 20 eq. AcOH while the rate is unchanged for larger amounts of AcOH (Figures 6A,6C). For [(3)Fe II (OTf)](OTf), a similar evolution is observed but the differences between the time traces are less clear (Figure 6E). These observations suggest that the formation of the (N 4 )Fe III (OOH) species follows saturation kinetics depending on [AcOH]. Plot of the pseudo-first order rate constants as a function of [AcOH] confirm this assumption (Figures 6B,6D and 6F; Figures S24). Note that for [(3)Fe II (OTf)](OTf), the slight decrease in k observed when AcOH exceeds 20 eq. may reveal some inhibition of the formation of the (N 4 )Fe III (OOH) species by AcOH. [33] However, the difference in the k values (for 10 eq. ≤ AcOH ≤ 200 eq.) being close to the error bars, this potential inhibition effect was not considered in the following. In contrast, for the degradation of the Fe III (OOH) species, no dependence on [AcOH] is observed when comparing the initial slopes (Figure S25). The same behaviour was observed by Que et al. which, in their case, was interpreted by the inability of AcOH to interact with the Fe III (OOH) species. [32] Interestingly, the decay of the Fe III (OOH) intermediates seems to be sensitive to the electron-donating character of the ligand : the more donating the ligand, the faster the degradation.

Discussion.

The beneficial effect of AcOH on the catalytic efficiency of [(1)Fe II (OTf)](OTf), [(2)Fe II (OTf)](OTf) and [(3)Fe II (OTf)](OTf) has been observed above and the distribution in products suggests a switch in reactivity from, essentially, a radical-based reactivity in the absence of AcOH, to the involvement of metal-based oxidant in its presence. Addition of AcOH promotes the reaction of the iron complexes with hydrogen peroxide, rendering its accumulation possible in MeCN. Our investigations show that the acid binds the Fe II center by protonating/substituting a pyridine moiety. However, it does not clearly influence the depletion of the (N 4 )Fe III (OOH) intermediate. This latter point contrasts with the carboxylic acidassisted mechanism reported in the literature where it was observed that the decay of Fe III (OOH) intermediates supported by genuine tetradentate (N 4 ) ligands such as TPA or BPMEN is promoted by the addition of acetic acid. [34] In this mechanism, binding of acetic acid to the metal center assists in the heterolytic O-O cleavage of the Fe III (OOH) by protonation of the distal Oatom, thereby facilitating the release of water and the generation of a formal Fe V (O)(OAc) species (Scheme 2, dashed frame). [35][36][37] Thus, the non-dependence of the (N 4 )Fe III (OOH) on AcOH we observe (i) suggests that the protonation of the distal O-atom of the hydroperoxo ligand is not favoured, and (ii) points towards a specific role played by the pending pyridine moiety in our systems. Based on our observations, a possible mechanism is shown on Scheme 2, plain frame. Coordination of AcOH is accompanied by protonation/dissociation of a pyridine group to form a (N 4 )Fe II (OAc) complex. From there, generation of the Fe III (OOH) intermediate proceeds via a two-step process. [10,16] Oxidation by, formally, 0. [38] which cannot play the same role. In this mechanism, the initial equilibrium (coordination of AcOH) is fast compared to the formation of the Fe III (OOH) species, which accounts for the saturation behaviour observed. The kinetic model for this mechanism is given in the Supporting Information (Scheme S1). Interestingly, it provides association constants (1/K D ) which depend on the electronic properties of the ligand. The binding of AcOH is indeed improved when the number of 4methoxy-3,5-dimethylpyridines increases (1 < 2 < 3), thus when the basicity of the ligand increases. This observation is consistent with the concerted proton transfer/pyridine dissociation upon AcOH coordination (Scheme S1, step (i)). Additionally, the rate constants for the formation of the Fe III (OOH) species decrease when the number of 4-methoxy-3,5-dimethylpyridines increases (k 2 obs decrease in the order 1 > 2 > 3). When going from 1 to 3, the probability to decoordinate a more basic 4-methoxy-3,5dimethylpyridine is more and more important. Thus, the conjugated dangling pyridinium is less and less acid and less and less prone to transfer its proton to the neighbouring hydroxo for releasing water and forming the Fe III Adapted from Olivo et al. [39] Considering the decay of the (N 4 )Fe III (OOH) species, while it does not obviously depend on AcOH, it appears to be accelerated when the electron-donating properties of the ligand increase (compare the initial slopes for the decay for the 3 complexes in Figure S25). The formation of the expected high-valent iron-oxo species may thus be favoured with ligand 3, which is in line with the catalysis results given in Table 1. While formation of an Fe V (O) oxidizing species could initially be expected, the distribution in products is not acute enough to support it. [39] Finally, AcOH helps in making a better use of the hydrogen peroxide oxidant by the Fe II precursors. The (N 4 )Fe II [40] No attempt has been made at this time to trap this species.

Conclusion

Three novel nonheme Fe II complexes with electron-rich pentadentate ligands were used as catalysts for the oxidation of small molecules by hydrogen peroxide. The distribution of products formed suggests that these ligands are not enough electron donating to promote the O-O heterolytic cleavage of the oxidant in order to generate selective Fe V (O) species. Using acetic acid results in a significant increase of the efficiency of these catalytic systems. This is due to the binding of AcOH to the metal center which leads to the protonation/deccordination of a pyrydine moiety. The resulting (N 4 )Fe II (OAc) species are more reactive towards the oxidant to yield (N 4 )Fe III (OAc)(OOH) intermediates. In contrast to the well-known carboxylic acidassisted mechanism, there is no proton available to assist in the heterolytic O-O cleavage since it is located on the pending pyridinium, which is a much weaker acid than coordinated carboxylic acid. Thus, we propose that the (N 4 )Fe III (OAc)(OOH) intermediates formed under these conditions evolve into (N 4 )Fe IV (OAc)(O), which appear more efficient than the usual (N 4 )Fe IV (O) and (N 5 )Fe IV (O).

Experimental Section

Experimental procedures and additional characterization data are provided in the Supporting Information. 
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 1 Scheme 1. Structures of the ligands mentioned in this article.
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 1 Fe II (OTf)](OTf), [(2)Fe II (OTf)](OTf) and [(3)Fe II (OTf)](OTf) is, as expected, displaced by MeCN upon dissolution. If triflato remained bound, the charge of the complexes would remain +1 and the potential values would be much more affected.

Figure 1 .

 1 Figure 1. ORTEP diagrams of the molecular cations [(1)Fe II (OTf)] + (left), [(2)Fe II (OTf)] + (middle) and [(3)Fe II (OTf)] + (right). Hydrogen atoms have been omitted for clarity.

Figure 2 .

 2 Figure 2. UV-visible spectra of 1 mM solutions in MeOH at RT of [(1)Fe II (OTf)](OTf) (A), [(2)Fe II (OTf)](OTf) (B), and [(3)Fe II (OTf)](OTf) (C), in the presence of 100 eq. H2O2.

Figure 4 .

 4 Figure 4. UV-visible spectra of 1 mM solutions in MeCN at RT of [(1)Fe II (OTf)](OTf) (A), [(2)Fe II (OTf)](OTf) (B), and [(3)Fe II (OTf)](OTf) (C), in the presence of 100 eq. H2O2; and [(1)Fe II (OTf)](OTf) (D), [(2)Fe II (OTf)](OTf) (E), and [(3)Fe II (OTf)](OTf) (F), in the presence of 100 H2O2 and 200 AcOH.

Figure 5 .

 5 Figure 5. X-band EPR spectra at 90 K of solutions in MeCN of [(1)Fe II (OTf)](OTf) (A), [(2)Fe II (OTf)](OTf) (B), and [(3)Fe II (OTf)](OTf) (C), in the presence of 100 eq. H2O2; and [(1)Fe II (OTf)](OTf) (D), [(2)Fe II (OTf)](OTf) (E), and [(3)Fe II (OTf)](OTf) (F), in the presence of 100 H2O2 and 200 AcOH.

Figure 6 .

 6 Figure 6. Time traces for the formation of the Fe III (OOH) species generated by reaction of [(1)Fe II (OTf)](OTf) (A), [(2)Fe II (OTf)](OTf) (C), and [(3)Fe II (OTf)](OTf) (E), with100 eq. H2O2 and various amounts of AcOH, in MeCN at RT. Plots of the rate constants for the formation of the Fe III (OOH) intermediates vs AcOH for [(1)Fe II (OTf)](OTf) (AB, [(2)Fe II (OTf)](OTf) (D), and [(3)Fe II (OTf)](OTf) (F). Fiting to a saturation kinetic behaviour is represented by the red lines.
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  carboxylic acid-assisted mechanism » O-O activated by the strong coordinated AcOH no assistance in O-O cleavage by the weak acid

  Fe II (OTf)](OTf) are very similar. For [(1)Fe II (OTf)](OTf), two sets of resonances are observed at g = 2.32, 2.12, 1.93 and g = 2.21/2.18, 2.15, 1.97, whereas for [(2)Fe II (OTf)](OTf), they are observed at g = 2.34, 2.12, 1.93 and g = 2.22/2.19, 2.15, 1.97 are observed. The sets of the more intense, less rhombic, resonances are characteristic of low spin Fe III (OOH), with two different g max values revealing either the presence of two rotation isomers of (N 5 )Fe III (OOH) species, as frequently observed for such species (Figure

	1	[(1)Fe II (OTf)](OTf)	43.1	37.1	3.7	4.9	26.0	0.19
	2	+ 200 AcOH	42.5	64.4	3.5	37.7	20.0	1.89
	3	[(2)Fe II (OTf)](OTf)	41.5	37.0	3.5	3.7	23.2	0.16
	4	+ 200 AcOH	42.6	49.9	3.4	39.3	32.5	1.21
	5	[(3)Fe II (OTf)](OTf)	35.1	64.0	4.2	18.2	24.8	0.73
	6	+ 200 AcOH	37.8	80.5	4.2	47.4	41.1	1.15
	The	spectra	observed	for	[(1)Fe II (OTf)](OTf)	and		
	[(2)							

[a] Fe / H2O2 / anisole : 1 / 20 / 3000; Fe / H2O2 / cyclooctene: 1 / 20 / 800; Fe / H2O2 / cyclohexane : 1 / 20 / 800; all assays were performed under aerobic conditions.

[b] The other possible products of anisole oxidation, i.e. Phenol, p-MeO-phenol, m-MeO-phenol, were not detected. [c] -ol / -one = cyclohexanol / cyclohexanone. Figure 3. X-band EPR spectra at 90 K of solutions in MeOH of [(1)Fe II (OTf)](OTf) (blue), [(2)Fe II (OTf)](OTf) (red), and [(3)Fe II (OTf)](OTf) (green), in the presence of 100 eq. H2O2.

  5 eq. H 2 O 2 , yields an (N 4 )Fe III (OAc)(OH) with an internal H-bond between the protonated pyridine and an exogenous ligand. Reaction with an extra H 2 O 2 molecule to form the (N 4 )Fe III (OOH) intermediate is then promoted due to the presence of water as a good leaving group, which is easily released under these conditions. To account for the AcOHindependant decay of the (N 4 )Fe III (OOH) intermediate, we propose that the proximal proton of the incoming H 2 O 2 is Hbonded between the remote pending pyridine group and the acetato ligand, more nucleophilic than the distal O-atom of the hydroperoxo. Thus, this proton is not available to protonate the distal O-atom and assist in the O-O cleavage. By comparison with the carboxylic acid-assisted mechanism where the protonation of the distal O-atom is ensured by acetic acid whose acidity is significantly enhanced upon coordination, the neighbouring pyridinium in our complexes is a weak acid (pK a ≥ ca.13.3 in MeCN) 

  (OAc) complex formed reacts more easily with H 2 O 2 to generate a (N 4 )Fe III (OAc)(OOH) intermediate. Our observations indicate that the decay of this latter species yields a more reactive oxidizing species, which we tentatively formulate as (N 4 )Fe IV (OAc)(O), as reported by McKenzie et al. for a Fe III (OOH) supported by a tetrazacarboxylato ligand.
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