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Abstract

Four iron(ll) complexes, bearing hexa-, penta- or tetra-azadentate ligands, whose redox potentials (féfRde deiple) vary from
4280 t0+1023 mV (versus saturated calomel electrode), were compared as catalysts for the oxidation of various subst@teJ bgde
complexes were bad catalysts for alkene epoxidation or alkane hydroxylation, whereas those exhibiting the highest redox potentials were
interesting catalysts for the hydroxylation of aromatic compounds. For most of them, addition of an appropriate reducing agent, such as
hydroquinones, PhSH or tetrahydropterins, in the medium, led to spectacular increases of the yields of hydroxylation of aromatic compounds
such as anisole, toluene, ethylbenzene, benzene and naphthalene (with final yields baseduprt169, 33, 18, 40 and 47%, respectively).
Such systems catalyzed the transfer of an oxygen atom frgda, lds shown by experiments using'fD, and H*80, into anisole with yields
based on starting #D, up to 69%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction plexes in the oxidation of hydrocarbons by®b, we have
recently found that the iron(Il) complex of the hexaazaden-

Several systems based on iron porphyrins have beentate ligand trisN-(2-pyridylmethyl)-2-aminoethyl]lamine
shown to efficiently mimic alkene epoxidation and alkane (TPAA) (Fig. 1) was a poor catalyst for alkene epoxida-
hydroxylation by cytochrome P450-dependent monooxyge- tion and alkane hydroxylation, but a quite efficient catalyst
naseg1-6]. More recently, non-heme iron complexes that for the hydroxylation of aromatic compounds4]. Thus,
were developed as mimics of non-heme iron-containing [(TPAA)F€!](CIO,), catalyzes the hydroxylation by @,
monooxygenases, have also been found to act as good catef anisole, toluene, ethylbenzene, benzene and chloroben-
alysts for the epoxidation aris-dihydroxylation of alkenes  zene, with respective yields of 53, 17, 24, 22 and 13% based
by H,O, (for recent articles, see for instand@—12)). on H,O,. Moreover, hydroxylation of the aromatic ring of
Cytochromes P450 and some non-heme iron-containingtoluene and ethylbenzene by the [(TPAA)Fe](G)&2H202
monooxygenases also catalyze the selective and efficientsystem is the major reaction, more important than the usu-
hydroxylation of aromatic compound$3]. However, very ally favoured hydroxylation of their benzylic positigh5].
few iron-based model systems have been described so far Non-heme iron(ll) complexes bearing similar poly-
for the selective hydroxylation of aromatic compounds azadentate ligands, either pentaazadentate ligands L
[1-6]. In the context of a comparative study of the catalytic [N-methylN,N’,N-tris(2-pyridylmethyl)ethane-1,2-diamine],
properties of iron porphyrins and non-heme iron com- and Ls3, [N-methylN,N’,N'-tris(2-pyridylmethyl)propane-

1,3-diamine], or tetraazadentate ligang? LN,N'-dimethyl-

* Corresponding author. Tekt33-1-42-86-21-87; N,N/-bis(2-pyridylmethyl)prop_ane-l,3-diamine Fig. D,
fax: +33-1-42-86-83-87. have been recently characteri&6—-18] and found to react
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Fig. 1. Formula of the polydentate ligands of the iron complexes used in
this study.

been spectrally detected in the case of thg) (kon com-
plexes[18,19] Some of the L, iron complexes have been
found to act as catalysts of hexane hydroxylation byi®©

the presence of 2,3,5-trimethylhydroquinone as a reducing

agent[16]. Here, we compare the properties of the)(and
(Ls) iron(Il) complexes to those of [(TPAA)Fe](CK, as
catalysts for the oxidation of several substrates bYDH
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ucts were commercially available and used without further
purification. 180, (95% enriched if20, 2.5% in H160)
was purchased from ICON (NJ, USA):»fO (98% en-
riched in180) was purchased from EURISO-TOP (Saclay,
France).

2.2. Typical procedure for catalytic oxidations

H202 (20pmol, 40% in HO, 1.45ul) was added to
a CHyCI/CH3CN solution (1/1v/v) of the iron catalyst
(1 pmol) and the substrate (3 mmol), the total volume of the
solvents being calculated to obtain a 1.5 mM concentration
of the catalyst. For most reactions performed in the pres-
ence of a reducing agent (conditionsTables 2 and 3 the
CH2CI2/CH3CN solution also contained 20mol of the re-
ducing agent. Slightly different conditions were used for the
experiments corresponding to the resultsTables 1 and 4
(changes in the nature of the solvents and on the relative
amounts of the reducing agent). After 2 h at’2) an inter-
nal standard (PhCOCHor Phl, 10umol), was added and
the reaction mixture was analysed by gas chromatography.

Reactions under anaerobic conditions were done by
“freeze—thaw cycles” of a vial containing a solution of all
the reactants excepto®, and of a second vial containing
the HO, solution. The content of the first vial was then
transferred onto the #0, solution under argon.

2.3. Product analysis and identification

Gas chromatographic analyses were done using either a
packed 5% FFAP column for anisole and naphthalene as
substrates, or a capillary BP20 (polar) column for toluene

Some of them appear to be very efficient for the hydroxyla- 504 ethylbenzene, with detection with a flame ionization
tion of aromatic compounds, particularly in the presence of getector. The products formed were analyzed by comparison
reducing agents, such as hydroquinones or tetrahydropterinsys thejr retention time with those of authentic samples, and
by gaz chromatography-mass spectrometry analysis, using a
Hewlett-Packard 5890 Series Il GC coupled with a HP5972
mass selective detector.

In the oxidations of anisole using either,}40, or
H,180, the levels of!80 incorporation into anisole were

The iron complexes used in this study were prepared asmeasured on the basis of an analysis of the peaks at
described previouslj16-18,20] All the reactants and prod- m/z = 124 and 126 (molecular ion) andal/z = 109 and

2. Experimental

2.1. Catalysts and reactants

Table 1
Comparison of various iron complexes bearing different polyazadentate ligands as catalysts of hydroxylation of anisole and tolk@p by H

Catalyst Product (yields %)

Anisole Toluene

0-OH p-OH PhOH 0-OH m-OH p-OH PhCHOH PhCHO
(TPAA)Fe(CIQy)2 26 27 3 8 2 7 0.5 1
(Ls?FeCl)PR 23 7 3 3 15 15 3 5
(LsFeCl)PFR 24 7 6 4.5 2 2 1 0.8
L43FeCh 2 2 1 2.5 1 15 0.5 0.6

a Conditions: catalyst/b,/substrate molar ratie= 1/20/3000 in CHCN/H,O (9/1) for 2h at 20C; [catalyst]= 2mM. o-OH, p-OH and m-OH
are used forortho, para and metasubstituted phenol products. In the case of anispietamethoxyphenol corresponded to less than 5% of total
methoxyphenols.

b Yields are based on starting,B>; those obtained with (TPAA)Fe(Cl)» came from ref[14].
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111 (M-15)" observed in the mass spectra of theho-, of [(TPAA)FE'](ClO4), under conditions identical to those
meta and paramethoxyphenol products. In all reactions, described iffable 1(in CH3CN/H,160) led toortho-, meta
the levels of*80 incorporation calculated either from the andpara-methoxyphenols bearing a phenolic oxygen atom
124/126 or from the 109/111 peaks of the mass spectra ofcontaining 95+ 1% of 180 isotope, as shown by mass spec-
the three regioisomers of methoxyphenol were in excellent trometry coupled to gaz chromatography. When the same
agreement (equal valuesl%). reaction was performed with #£0, in CHzCN/H,80
(98% enriched), the methoxyphenol products contained less
than 1%'80. These data clearly show that the oxygen atom
3. Results and discussion incorporated into anisole almost exclusively came from
H>02 (Eqg. (1). Since most of the oxidation reactions were
3.1. Comparison of iron complexes bearing tetra-, penta-, done under aerobic conditions, the above data also show
or hexa-azadentate ligands as®,-dependent oxidation that the incorporated oxygen atom did not come from O
catalysts Accordingly, the same reactions performed under anaerobic
conditions (under Ar, se8ection 2 led to almost identical

The possible roles of the,£Fe! Cl,, (Ls2F€' Cl)PRs and results.

(Ls3Fée' Cl)PFs complexes as catalysts for the oxidation of OMe
hydrocarbons by b0, were compared to those previously [(TPAAYFC|(CIO,), —/—

reported[14] for the [(TPAA)Fé'](ClIO4), complex. These @—om - @7180H

three complexes were found to act as poor catalysts for 11,30, in CHLCN/ILL'0 @

the epoxidation of alkenes by-B,. Under identical con-

ditions (catalyst/HOz/substrate molar ratie= 1/40/800 in Similar reactions using #1805 or H,180, but with the
CH,Cl,/CH3CN), they exhibited characteristics very simi- (Ls2FeCl)PR catalyst (conditions oTable 1, except for the

lar to those previously described for [(TPAAJHECIO,), CH3CN/H20 ratio which was 80/20 in these experiments)
[14]: (i) yields lower than 20% for the epoxidation of cy- led to the same results and conclusions concerning the origin
clooctene, (i) major formation of allylic oxidation products of the phenolic oxygen atom in methoxyphenols.

when using cyclohexene as a substrate, and (iii) major for- The total yield of methoxyphenols and the regioselectiv-
mation of benzaldehyde and only minor formation of epox- ity of anisole hydroxylation were dependent on the structure
ides («10%) in the case ofis-stilbene. of the catalyst; [(TPAA)Fe](Cl), led to the best total

In a similar manner, these three iron(ll) complexes were yield and to almost equal amounts @ftho and parame-
bad catalysts for the hydroxylation of cyclohexane OH thoxypheno[14], whereas (5’FeCl)PF and (Ls>FeCl)PFg
(vields based on D, in the presence of cyclohexane in exhibited a quite identical behaviour, with total yields of ca.
excess lower than 20%). 30% and a regioselectivity in favour oftho-hydroxylation.

The four complexes A3F€'Cly, (Ls?Fe'CI)PFs, In the hydroxylation of toluene by #D,, [(TPAA)Fe](CIOy)2
(Ls°Fe' Cl)PFs and [(TPAA)F¢](ClO,), exhibited a very ~ was also the best catalyst, with a total yield of cresols
different behaviour as catalysts for the hydroxylation of formation of 17%, whereas this yield was only 6% in the
anisole by HO,. Table 1 shows that, in the presence case of the k2 complex.Table 1also shows very differ-
of anisole in excess (iron catalys/@»/anisole molar ent chemoselectivities (aromatic hydroxylation: benzylic
ratio = 1/20/3000 in CHCN/H20 (90/10)), all these iron  hydroxylation ratios) and regioselectivities for aromatic
complexes, except4FeCh, were active catalysts for the hydroxylations, as a function of the catalyst structure. Aro-
formation of methoxyphenols with yields (based opQH) matic hydroxylation is largely predominent in the case of
between 30 and 53%, the oxidative demethylation of anisole [(TPAA)Fe](ClOy4)2, whereas benzylic hydroxylation be-
being a minor reaction with all catalysts. This catalytic comes slightly predominent in the case of th& tomplex.
oxidation of anisole, as all the aromatic hydroxylations
described in the following, were performed by using the 3.2. Effects of the presence of a reducing agent in the
substrate in excess, in order to avoid as much as possiblenon-heme iron complexes-catalyzed hydroxylation of
further oxidations of the phenol products in the oxidizing aromatic compounds by 4D,
medium. This is usually done in aromatic hydroxylations
by bioinspired systems because of the great reactivity of Inthe course of this study of the hydroxylation of aromatic
the phenol products towards the oxidizing species. Under compounds by bO; catalyzed by non-heme iron com-
these conditions, yields are expressed relative to the limiting plexes, we investigated the possible role of the presence of
reactant in the medium, herex8,. These yields give an  a reducing agent on the reactions. Preliminary experiments
estimation of the ability of the systems to transfer an oxy- showed us that the presence of such reductants were with-
gen atom to the substrate. In that regard, experiments usingout marked effects on the [(TPAA)Fe](Cii-catalyzed
H>180, or H,180 were performed to determine the origin aromatic hydroxylations, whereas it led to dramatic ef-
of the oxygen atom inserted in the substrate. Oxidation of fects in the case of the reactions catalyzed by the other
anisole by H0, (containing 95%!0) in the presence  complexes. ThusTable 2 shows that the addition of
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Table 2
Effects of the presence of 2,3,5-trimethylhydroquinone on aromatic hydroxylations®y ehtalyzed by non-heme iron compleXes
Catalys? Products (Yield %)
Anisole Toluene Ethylbenzene Naphtalene

0OH pOH PhOH o0OH mOH pOH ol al oOH mOH pOH o one 1-ol 2-ol

Ls?FeClF (=) 28 5 6 4 2 1.5 3 6 2 3 1 5 12 <02 <02
(+) 43 18 8 23 2.5 7.5 4 4 11 3 4 8 12 23 7
Ls3FeClr (=) 15 5 5 2 1 1.5 3 6 1 <02 <02 8 15 1 <0.2
+) 37 16 7 16 5 6 5 9 9 2 3 6 9 22 5
Ls3FeCh (=) 2 0.8 2 03 <01 02 15 3 <02 <02 <02 4 12 <02 <02
(+) 20 13 5 7 1 3 3 4 35 0.7 1 9 105 10 4

a Conditions: catalyst/bD,/substrate molar ratie= 1/20/3000 in CHCN/CH,Cl, (1/1) for 2h at 20C. [catalyst]= 1.5 mM. These reactions were
done under aerobic conditions. Some of them (anisole aff&dCIt with or without reductant, anisole ands3FeCH with reductant) were also done
under anaerobic conditions (under Ar, s®ection 3, and gave results not significantly different from those obtained under aerobic conditions.

b (—) Corresponds to experiments performed without reductaik,ekperiments performed in the presence of 2,3,5-trimethylhydroguinone (20 eq.
relative to catalyst).

¢ Yields are based on starting,8,. o-, m+, p-OH are used forortho, meta and para-hydroxylated substrates, respectively; ol is used for benzyl
alcohol in the case of toluene, and for phenyl-1-ethanol in the case of ethylbenzene; al is used for benzaldehyde, and one for acetophenone. 1-ol ar
2-ol are used for 1- and 2-naphthol, respectively.

2,3,5-trimethylhydroquinone to thes8FeCb/H,0, system creases the yields of aromatic hydroxylatidratfle 2 but
led to a spectacular increase in the yields of anisole hydrox- does not change the origin §8,) of the oxygen atom
ylation (33 instead of 3%) and of naphthalene hydroxylation incorporated into the substrates.
(14 instead of<1%). The presence of this reducing agent  Addition of trimethylhydroquinone to the J2FeCb— or
also had a dramatic effect on the chemoselectivity of toluene (LsFeCljt—H,O, systems led not only to an increase in
hydroxylation, as it greatly favours aromatic hydroxylation the yields of phenol products but also to an increase in the
over benzylic hydroxylation (ratios of 1.6 instead of 0.1). oxidation rates. For instance, addition of trimethylhydro-
Similar results were observed in the case of thg) (kon quinone to the (k3FeCl)PR—H,0, system, under condi-
complexes, with increases of the yields of aromatic hydrox- tions of Table 2 led to a fivefold increase of the initial rates
ylation of anisole, toluene and ethylbenzene by factors be- of anisole oxidation to methoxyphenols (11 turnovers per
tween 2 and 11Table 9. The most spectacular increase was min instead of 2.2; data not shown).
observed with naphthalene whatever the catalyst; the yields Finally, Table 2 also shows that the lower activity of
of a- and B-naphthols reached 30% (in the case of thé L  the catalyst in the absence of reductant, the higher the in-
complex), whereas they were very lowZ%) in the absence  crease of the aromatic hydroxylation yields upon addition
of reductant. Addition of trimethylhydroquinone allowed of the reductant. Thus, the yields of methoxyphenols de-
one to reach yields of aromatic hydroxylation of anisole, rived from anisole hydroxylation increased 1.8-, 2.7- and
toluene and ethylbenzene of 61, 33 and 18%, respectively.11-fold upon addition of trimethylhydroquinone to the sys-
In the case of toluene and ethylbenzene, this increase in theems using (5FeCl)PF, (Ls2FeCl)PFk and Ly3FeCb, re-
aromatic hydroxylation yields was always accompanied by a spectively. Similarly, addition of this reductant to the three
great increase in the aromatic/benzylic hydroxylation ratio. catalytic systems, respectively led to 4.4-, 6- and 20-fold in-
This increase of the aromatic hydroxylation yields upon creases of the yields of aromatic hydroxylation of toluene
addition of trimethylhydroquinone to the iron catalyspbh (Table 2.
systems is not due to supplementary oxidation reactions Table 3shows that the effects of trimethylhydroquinone
coming from iron-catalyzed activation of dioxygen, which on the yields of anisole hydroxylation by thes{liron—H,O»
is present in these aerobic reactions, by the reducingsystems were also observed with other reducing agents, such
agent, for the two following reasons. Oxidation of anisole as thiophenol, 3,5-dimethylthiophenol@maphthol. Yields
by the Ls? (or Ls3)FeClr—H,Ox—trimethylhydroquinone  of anisole hydroxylation increased up to 66 and 69% upon
systems were performed either on aerobic or on anaer-addition of thiophenol and-naphthol, respectively. Addi-
obic conditions (seeSection 2 and Table 2 and al- tion of phenol did not lead to an increase of the anisole
ways gave almost identical results. Moreover, oxidation hydroxylation yields, and piperidine exhibited an inhibitory
of anisole by H?80, in CH3CN/H,1%0 (80/20) and  effect on this hydroxylationTable 3.
in the presence of @2FeCl)Pk and trimethylhydro- The level of increase of aromatic hydroxylation upon ad-
qguinone (anisole/bDo/catalyst/trimethylhydroquinone mo-  dition of a reducing agent was dependent on the reducing
lar ratio = 3000/20/1/10) led to methoxyphenols with agent/catalyst ratio used, as shownTable 4 Thus, the
phenolic oxygen atoms containing 351% of 180 isotope. yields of methoxyphenols derived from anisole were 41 and
Thus, the presence of trimethylhydroquinone markedly in- 51% for trimethylhydroquinone/@?FeCl)PF ratios of 1
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Table 3
Compared effects of various reducing agents on the hydroxylation of anisole®y ¢htalyzed by (52FeCl)Pk and (LsFeCl)PR?2
Reductant Products (yield %)

(Ls2FeCl)PFR (Ls®FeCl)PR

0-OH p-OH PhOH 0-OH p-OH PhOH
Trimethylhydroquinone 43 18 8 37 16 7
Phenol 24 6 - 11 3 -
Thiophenol 45 21 7 40 20 4
3,5-Dimethylthiophenol 46 19 7 43 18 4
a-Naphthol 47 22 7 37 20 8
Piperidine <1 <1 <1 <1 <1 <1
Without reductant 28 5 6 15 5 5

@ Conditions as inrable 2
b Yields based on starting 4@,. 0-OH andp-OH refer toortho- and para- methoxyphenol, respectivelidletamethoxyphenol was formed in very
low amounts &5% of total methoxyphenols).

and 5, respectively. The increase of the yields of cresols de- The beneficial effects of diMedP was also clear in the

rived from toluene was even larger with the same increasecase of benzene itself as substrate, as the addition of this

in the reductant/catalyst ratio (12.5 and 27%). reducing agent (5 eq. relative to the catalyst) allowed one to
In that respect, the most spectacular results were obtainedbtain a remarkable yield of 40% for benzene hydroxylation.

with a reducing agent, diMeHP, which is a close analogue

of the well-known biological reducing cofactor tetrahydro- 3.3. Discussion

biopterin, HB (Fig. 2). Table 4shows that the optimal in-

crease of methoxyphenols yields was already obtained with A comparative study of the catalytic properties of iron

a diMeH;P/(Ls2FeCl)PFs ratio of 1. Addition of a stoechio- ~ complexes bearing hexa-, penta-, and tetra-azapolydentate

metric amount of diMetP (relative to the catalyst) led to  ligands, [(TPAA)Fe](CIQ),, (Ls*FeCl)PF, (Ls>*FeCl)PF

a 48% yield of methoxyphenols instead of 30% in the ab- and Ls3FeCb, towards hydroxylation of hydrocarbons by

sence of this reductant, whereas the addition of an excesdi202, showed us that all of them are not efficient catalysts

of diMeH4P (5 eq. relative to the catalyst) led to a smaller for alkene epoxidation or alkane hydroxylation. However,

increase of the yield. The most striking beneficial effect of (Ls°’FeCl)PR and (Ls*FeCl)PFs exhibit interesting prop-

diMeHsP was observed in the case of naphthalene oxida- erties as catalysts for the hydroxylation of aromatic com-

tion. Naphthols were formed in very low yields in the ab- pounds by HO,, even though they are less efficient than

sence of a reducing agent or even in the presence of 5 eql(TPAA)Fe](CIOs). (Table 3. Actually, the efficacy of the

of trimethylhydroquinone (relative to the catalyst). By con- four studied catalysts for hydroxylation of anisole by®}

trast, they were formed in a 47% vyield in the presence of increases in the following order:

5 eq. of diMeHP. In fact, this is the best yield obtained so 3 2 3

far for naphthalene hydroxylation by such non-heme iron L4 F€Cb < (Ls"FeCIPFs ~ (Ls"FeChPFs

complexes/HO, systems (compar€ables 2 and ¥ < [(TPAA)Fe](ClOg4)>
Table 4
Comparison of the effects of diMej® and 2,3,5-trimethylhydroquinone on the hydroxylation of aromatic compounds®y ¢atalyzed by (52FeCl)PR2
Reductant Products (yields %)
Anisole Naphthalene Benzene Toluene
0-OH p-OH PhOH 1-ol 2-ol PhOH 0-OH m-OH p-OH PhCHOH PhCHO
diMeH4P
1 eq. 37 11 5 5 4 33 12 4.5 5 15 1
5 eq. 29 14 4 30 17 40 16 4.5 6 1 3
Trimethylhydroquinone
1 eq. 32 9 5 2 1 29 6.5 3 3 2 4
5 eq. 36 15 8 7.5 5 31 16 5 6 3.5 3
Without reductant 23 7 3 <0.5 <0.5 26 3 15 15 3 5

@ Conditions: catalyst/bO,/substrate molar ratie- 1/20/3000 in CHSCN/H,O (80/20 because of the low solubility of diMgHR in organic solvents)
for 2h at 20°C. [catalyst]= 1.5 mM.
b Yields based on starting 40,. Abbreviations for the products as Table 2



86 V. Balland et al./Journal of Molecular Catalysis A: Chemical 215 (2004) 81-87

0 the studied aromatic substrates, allowing us to increase the
i R, best yields of aromatic hydroxylation of toluene, ethylben-
HN zene and naphthalene obtained in the absence of reductant
“ | j: (7, 6 and<1%, respectivelyJable 2 up to 33, 18 Table 2
HoN N N R, and 47% Table 9, respectively.
With toluene and ethylbenzene for which aromatic hy-
H,B R, =CHOH-CHOH-CH;  R,=H droxylation is in competition with benzylic hydroxylation,

that is a highly favorable reaction with most oxidizing sys-
tems (see for instand&5,23)), the increases of the aromatic
Fig. 2. Formula of tetrahydropterinss8 and diMeH;P. hydroxylation yields in the presence of a reductant were al-
ways accompanied with an increase in the aromatic/benzylic
hydroxylation ratio. Several reducing agents, trimethylhy-
In [(TPAA)Fe](ClOs),-catalyzed hydroxylation  of droquinone,thiophgn_ol, 3,5—dimethylthiophepﬁ{maphthol
anisole, 56% of starting #0, is used for anisole oxidation, ~and diMeHP exhibit comparable beneficial effects on
resulting in a largely predominant hydroxylation of the &romatic hydroxylation yieldsTables 3 and } However,
aromatic ring (95% of total oxidation) and a minor oxida- diMeHsP is particularly interesting in that respect, since

diMeH,P  R,=R,=CH,

tive demethylation reaction leading to phen@able 1. By it causes an important increase of anisole hydroxylation
yield of anisole aromatic hydroxylation whereas3EeCh catalyst, and since it leads to a spectacular increase of the

gives very low yields. In all these hydroxylations of anisole, Yi€lds of naphthalene hydroxylation (from less than 1 to
the oxygen atom incorporated into the aromatic ring comes 47%. Table 4 and to the best yields of hydroxylation of

from H,05. this substrate (47%) and of benzene itself (40edble 4

It is noteworthy that the redox potentials (& €' cou- ~ observed with the non-heme iron;®, systems.
ple) of the F4 complexes used in this study increase in the ~ The mechanism of the above described aromatic hydrox-
following order: ylations, as well as the origin of the beneficial effects of

reducing agents on some of these reactions, are far from be-
Ls°FeCh < (L5FeC)PFs ~ (Ls°FeChPFRg ing understood. Such a mechanism should take into account
+280mVI16]  +570mV[17] +640mV[18] four main results of this work.

< (TPAA)Fe(ClOy)2

+1023m\21] (versus SCE (a) The unusual pattern of reactivity of the above described
Thus, there is a parallel variation of the redox potential and ~ Systems, with a low ability to epoxidize alkenes and a
the catalytic efficiency of these iron catalysts. partlgular efﬂmency for aromatic hydroxylz?\tlon.

Our data also show that the addition of reducing agents, (P) The increase of this efficiency for aromatic hydroxyla-
such as trimethylhydroquinone or thiophenol, to the iron _ tions with the redox potential of the catalyst.
catalyst-HO, systems may lead to a considerable increase (€) The beneficial effects of reducing agents on several sys-
of the aromatic hydroxylation yieldsTébles 2. Such tems. . _ _
beneficial effects of the addition of a reducing agent to (d) The fact that the oxygen atom inserted into anisole al-
“Fenton-like” systems using ferrous ions and@® in the most exclusively comes from 4D, (even in the pres-

hydroxylation of aromatic compounds have been previously ~ €nce of large amounts of2).
reported[22]. They have been attributed to the fact that the

quci t tes f ) by th ducti f Whatever this mechanism may be, the aforementioned
reducing agent regenerates ferrous 1ons by the reduction Ol g1 show that some non-heme iron complexes may act
the ferric ions formed during the reactiof22].

Great increases of the aromatic hydroxylation yields as good catalysts for the hydroxylation of aromatic com-
. . n , and indi me w. improve their
were observed in the case of the twg;)liron complexes pounds by HO, and indicate some ways to improve the

and were particularly important with s8FeCh since the efficacy.

latter catalyst was almost inefficient in the absence of

reductant. Such increases did not significantly occur in

(TPAA)Fe(CIy),-catalyzed reactions. The presence of a References
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