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The green complex S = 1 [(TPEN)FeOJ?* [TPEN = N,N,N',N'-tetrakis(2-pyridylmethyl)ethane-1,2-diamine] has
been obtained by treating the [(TPEN)Fe]?* precursor with meta-chloroperoxybenzoic acid (m-CPBA). This high-
valent complex belongs to the emerging family of synthetic models of FeV=0 intermediates invoked during the
catalytic cycle of biological systems. This complex exhibits spectroscopic characteristics that are similar to those
of other models reported recently with a similar amine/pyridine environment. Thanks to its relative stability, vibrational
data in solution have been obtained by Fourier transform infrared. A comparison of the Fe=0 and Fe=0
wavenumbers reveals that the Fe—oxo vibration is not a pure one. The ability of the green complex to oxidize small
organic molecules has been studied. Mixtures of oxygenated products derived from two- or four-electron oxidations
are obtained. The reactivity of this [FeO]?* complex is then not straightforward, and different mechanisms may be
involved.

Introduction pyridine ligand with a single oxygen-atom donor, such as
ClO~, PhIO, peroxides, or even with dioxyg@all of these

n complexes are characterized by a green color (associated with
a moderately intense absorption band in the low-energy
region of the visible region) and a triplet ground state.

Non-heme mononuclear Fe-oxo species are frequently
invoked as key intermediates in the catalytic cycles o
biological systems involved in {activation. However, only
recently has a mononuclear high-spinVFeO complex been
detected in tha—ketoglutarate—d_ependent diqugenase Té.?.ll_).. (3) Grapperhaus, C. A.: Mienert, B Bill, E.; Weyheilea T.: Wieghard,
Thanks to the efforts of chemists, synthetic non-porphyrinic K. Inorg. Chem200Q 39, 5306-5317.

FdY—oxo models have also been prepared very recén’ily, (4) Rohde, J. U.; In, J. H.; Lim, M. H.; Brennessel,'W. W.; Bukowski,
M. R.; Stubna, A.; Munck, E.; Nam, W.; Que, Bcience2003 299

generally by treating an Eeprecursor bearing an amine/ 1037-1039.
(5) Lim, M. H.; Rohde, J. U.; Stubna, A.; Bukowski, M. R.; Costas, M.;
* To whom correspondence should be addressed. E-mail: fredbanse@ Ho, R. Y. N.; Munck, E.; Nam, W.; Que, LProc. Natl. Acad. Sci.
icmo.u-psud.fr (F.B.), jjgirerd@icmo.u-psud.fr (J.-J.G.). U.S.A.2003 100, 3665-3670.
T UniversiteParis Sud. (6) Kaizer, J.; Klinker, E. J.; Oh, N. Y.; Rohde, J. U.; Song, W. J.; Stubna,
¥ UniversiteReneDescartes. A.; Kim, J.; Munck, E.; Nam, W.; Que, LJ. Am. Chem. So2004
§ DSV CEA/Saclay. 126, 472—-473.
I'CEA/Grenoble. (7) Balland, V.; Charlot, M. F.; Banse, F.; Girerd, J. J.; Mattioli, T. A.;
U Ecole Polytechnique. Bill, E.; Bartoli, J. F.; Battioni, P.; Mansuy, CEur. J. Inorg. Chem
(1) Price, J. C.; Barr, E. W.; Tirupati, B.; Bollinger, J. M.; Krebs, C. 2004 2, 301—308.
Biochemistry2003 42, 7497-7508. (8) Hazell, A.; McKenzie, C. J.; Nielsen, L. P.; Schindler, S.; Weitzer,
(2) Riggs Gelasco, P. J.; Price, J. C.; Guyer, R. B.; Brehm, J. H.; Barr, E. M. J. Chem. Soc., Dalton Tran2002 310-317.
W.; Bollinger, J. M.; Krebs, CJ. Am. Chem. So2004 126, 8108— (9) Kim, S. O.; Sastri, C. V.; Seo, M. S.; Kim, J.; Nam, W.Am. Chem.
8109. Soc.2005 127, 4178-4179.
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Non-Heme Mononuclear Iron(lV) Oxo Complex

Chart 1.  Structures of TPEN and Related Ligands That Have Allowed 1
the Formation of [FeG} Complexes
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N~ CH N~ Figure 1. Electronic absorption spectra in acetonitrile af© of (a)
73 GHs [(TPEN)Fe}* (1 mM) and of (b) [(TPEN)F&" (L mM) + 1.2 equiv of
NN N/\MN m-CPBA dissolved in a negligible volume of acetonitrile.
2
N\ N* N\ z . .
| | | N | Fourier transform infrared (FT-IR) measurements were
Z X F X performed using a Bruker IFS 66 interferometer equipped with a
Ls? Ls® deuterated triglycine sulfate detector. Acetonitrile samples were held

in a NaCl holder mounted on a coldfinger liquid-nitrogen Dewar.
However, their stability and their ability to oxidize small Several consecutive spectra of 250 scans were averaged. The
organic molecules are dissimilar. For example, the Complexesresomtiqn was 4 crt. Raw averaged spectra are reported. .A total
[L2FeOF* and [LsFeOF* are highly unstabfecompared of 2 equiv ofmCPBA was added to a [(TPEN)Fe](pEsolution

. 6.8 . L (10 mM) to form [(TPEN)Fed}" at —20 °C. For 80 labeling,
to [(.Bn tpen)Fe0] g desplt.e th.e similar set of donors 250 equiv of H'80 was previously added to the'Feolution. Zero-
provided by the amine/pyridine ligands.

# Field Mossbauer data were collected on a solid sample (green
Stableu-oxodiiron(IV) complexes have also very recently powder) at low temperature (4.2 K) with a conventional liquid-
been obtained by Collins and co-workétghese compounds  heljum, horizontal-transmission cryostat. The green powder was

have been isolated from the reaction betweeH Kéth collected by adding BO to a reaction mixture (prepared as
tetraamido macrocyclic ligands and, @ noncoordinating described above) precooled-a#0 °C and placed in a 200t nylon
solvents. These black complexes contain antiferromagneti-cell. The green powder was always maintained at low temperature
cally coupledS = 1 FéV centers. to avoid decomposition. Experimental isomer shifts are reported
We report here the synthesis, spectroscopic characterizal€lative to an iron metal standard at room temperature.
tions, and reactivity study of a new Ee-oxo complex Reactivity. The experimental conditions have been chosen to
obtained with the hexadentate ligand TPEN (Chart1). match as closely as possible smgle.turnover conditions: a large
Given the sufficient stability of this species, its vibrational excess of substrates and only 1 equivieCPBA versus Fe have

h teristics | lution h b tudied I been used in order to avoid overoxidation of products and to
characteristics in soiution have been studied as well. determine the reactivity of the green complex itself. The reaction

mixtures were typically [[TPEN)H&(PFs), (4 mM) + 1 equiv of

m-CPBA in acetonitrile/dichloromethane (1/1) at room temperature
SynthesesThe ligand TPEN was made according to the method + 400 equiv of cyclooctane, 100 equiv of ethylbenzene, 100 equiv

reported by Toftlund and Yde-Anders&iThe complex [(TPEN)- of cis-stilbene, or 200 equiv of cyclohexene.

Fe](PF), was made following the method described by Chang et ) .

al13 The green complex [(TPEN)Fe®]was obtained by treating ~ Results and Discussion

[((TPEN)Fef" (1 mM in CHCN) b}f 1-2 equiv of metaehloro- Characterization of [(TPEN)FeOJ**. The reaction of

peroxybenzoic acidnt-CPBA) at 0°C, . _ [(TPEN)FE]J2* (1 mM in acetonitrile) with typically +2

e e ion SAL O CRBA aL°C ieds it 2 i a een specie

characterized by a 730-nm absorption baadv(380 M*

probe and fiber-optic cable. . : ) .
Electrospray ionization mass specrometry (ESI-MSgpectra cm™ L, cf. Figure 1). This value is very close to those observed

were recorded on a Micromass Quattro Il or a Thermo Finnigan fOr [FEOF* complexes obtained with the ligands Bn-tgen,

MAT 95S (*%0/'80 exchange). For isotopic labeling 10 was Ls? or Ls%7 The green species is stable for hours &0
preincubated with the Meprecursor. but decomposes upon warming,{ ~ 30 min for such a

sample at room temperature; see below).

(10) Ghosh, A.; de Oliveira, F. T.; Yano, T.; Nishioka, T.; Beach, E. S.;  The ESI-MS spectrum of the green complex exhibits a
Kinoshita, I.; Munck, E.; Ryabov, A. D.; Horwitz, C. P.; Collins, T.

Experimental Section

J.J. Am. Chem. So@005 127 2505-2513. peak aim/z 248.2 (cf. Figure 2). Along with the UVvisible
(11) TPEN, N,N,N',N-tetrakis(2-pyridylmethyl)-1,2-diaminoethane; Bn-  data, this result strongly argues for a [(TPEN)FEO]

tpen,N-benzyIN,N',N'-tris(2-pyridylmethyl)-1,2-diaminoethane;. complex

N-methyN,N',N'-tris(2-pyridylmethyl)-1,3-diaminopropanesd, N-meth- piex. .

yl-N,N' N'-tris(2-pyridylmethyl)-1,2-diaminoethane; TMC, 1,4,8,11- Upon the addition of K80, the peak atm/z 248.2

tetramethylcyclam; N4PW,N-bis(2-pyridyimethyl)bis(2-pyridylmethyl)- i in i i i i
amine: SBPy, NN.bis(2_pyridyimethylamina.ethyl-2.pyridine-2. progressively decreases in intensity with the concomitant

aldimine. increase of a peak at/z 249.2, which can be attributed to
83 (T:ﬁ]‘tlund'l| Hré; Y'\ﬁe(-:Anﬁers?nKS\?t?ﬂChgnﬁ Svﬁlalnd- EgS%{ 31% 57{3\-/ ~ [(TPEN)FE®0J?* (see the Supporting Information). The
ang, H. R.; McCusker, J. K.; lortuna, R.; wilson, S. R.; lrautwein, : : . f
A X.;%Ninkler, H.: Hendrickson, D. NJ. Am. Chem. S0499Q 112 green complex is then readily exchanging its oxygen atom
6814. with solvent water. Thi$%0/*%0O exchange behavior has been
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Chart 2. Possible Structure for [(TPEN)Fe®](R = —ChPy)

230 255 260

Figure 2. m/z 230—-260 range of the ESI-MS spectrum of a solution of
[(TPEN)FeF" (1 mM) + 2 equiv of m-CPBA prepared in acetonitrile at 0
°C diluted 10 times prior to injection. The structure with the major peak at
m/z 248.2 corresponds to [(TPEN)Fe®] and the structure atvz 240.2
corresponds to the starting complex [(TPEN¥eJ he theoretical isotopic
patterns are shown in bars. The full spectrum is shown in the inset.

observed very recently for two other non-heme [FEQ]
complexes obtained with TMC and N4PyIt has been '
proposed that the exchange followed an -ekgdroxo
tautomerisn'® but with the two oxygenated ligands located
in cis around the metal center. An argument for this
mechanism is the characterization of the heptacoordinated
side-on peroxo complex with N4P§.One can also argue
here that the formation of fe-OOH complexes with ligands
of the TPEN family follows a mechanism that is associative
in nature3'” The TPEN ligand can then also accommodate
a heptacoordinated metal center in the transition state.
The green complex exhibits at zero applied field a
Mdossbauer spectrum consisting of a doublet with an isomer wavenumber (cm™)
shift (6) of 0.01(1) mm s* and a quadrupole splitting\E,) Figure 3. FT-IR spectrum at ca-25 °C of [(TPEN)Fe](PE)2 (10 mM)
of 0.87(1) mm s* (see the Supporting Information). These in acetonitrile (- —), [TPEN)Fe](PF)2 (10 mM) in acetonitrilet 2 equiv
parameters are characteristic of atE®mplex!8 They are g; :FICS(P)B_;?\ 2(_e) IES'ZE':‘})CFS]‘;';E()?_(?)O mM) in acetonitrile+ 250 equiv
indeed close to the parameters reported for all of the z a ’

~ -

1 1 1 1 1 1
780 790 800 810 820 830

mononuclear Fé—oxo models recently obtainéd’ There-
fore, the green complex can be assigned as a low-§n (

The nature of the near-IR absorption band has been
postulated to be mainly due to-dl transitions.” This has

1) [FeOP* entity. Because these parameters are close to thosdeen shown experimentally by magnetic circular dichrgfsm.

obtained for [Fe(" bearing pentadentate ligantsit is
likely that one pyridyl arm of the TPEN ligand is not bound

Most probably, the lowest-energy oxo-toM-eharge transfer
lies in the UV, overlapping with the intense-s* transitions

to the metal center. A possible structure for this complex is Of the pyridine rings of the ligand. As a consequence, no
represented in Chart 2. Similar structures are observed forreliable resonance Raman evidence for these types of
the Fé complexes with pentadentate ligands of the same complexes has been obtained to détéVe have thus

family and also for [(Bn-tpen)Fe®].1°

(14) Seo, M. S.; In, J. H.; Kim, S. O.; Oh, N. Y.; Hong, J.; Kim, J.; Que,
L.; Nam, W.Angew. Chem., Int. EQR004 43, 2417-2420.

(15) Meunier, B.; Bernadou, &truct. Bond200Q 97, 1—35.

(16) Roelfes, G.; Vrajmasu, V.; Chen, K.; Ho, R. Y. N.; Rohde, J. U.;
Zondervan, C.; la Crois, R. M.; Schudde, E. P.; Lutz, M.; Spek, A.
L.; Hage, R.; Feringa, B. L.; Munck, E.; Que, Inorg. Chem2003
42, 2639-2653.

(17) Balland, V.; Banse, F.; Anxolabehere-Mallart, E.; Ghiladi, M.; Mattioli,
T. A.; Philouze, C.; Blondin, G.; Girerd, J. lhorg. Chem2003 42,
2470-2477.

(18) Minck, E. In Physical Methods in Bioinorganic Chemistry
Spectroscopy and MagnetisnQue, L., Ed.; University Science
Books: Sausalito, CA, 2000.
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performed FT-IR experiments on cold solutions of the green
complex. As shown in Figure 3, the acetonitrile solution of
[(TPEN)Fe'](PFe). does not exhibit any vibration between
780 and 830 cmt, where the solvent and counteranion,

(19) Klinker, E. J.; Kaizer, J.; Brennessel, W. W.; Woodrum, N. L.; Cramer,
C. J.; Que, LAngew. Chem., Int. EQR005 44, 3690-3694.

(20) Decker, A.; Rohde, J. U.; Que, L.; Solomon, EJ.IAm. Chem. Soc.
2004 126, 5378-5379.

(21) During the revision of this paper has appearedifie=0) charac-
terization of two (TMC)F& O complexes by resonance Raman. Sastri,
C. V.; Park, M. J.; Ohta, T.; Jackson, T. A.; Stubna, A.; Seo, M. S.;
Lee, J.; Kim, J.; Kitagawa, T.; Mk, E.; Que, L.; Nam, WJ. Am.
Chem. Soc2005 127, 12494-12495.



Non-Heme Mononuclear Iron(lV) Oxo Complex

Table 1. Oxidation of Organic Substrates by [(TPEN)Fel(BR4
mM) + 1 equiv of m-CPBA in CHCI,/CHsCN (1/1, v/v) at Room
Temperature

products

substrate cyclooctanol cycloctanone

cyclooctane Ar 1
air 1 4.2
PhCH(OH)CHs PhCH(O)CH
ethylbenzene Ar 1.6 4
air 6 16
cis-epoxide trans-epoxide
cis-stilbene Ar 5 11
cyclohexenol cyclohexenone
cyclohexene Ar 33 8

Absorbance

aYields (%) are given with respect to the oxidant.

Because the series of spectra shown in Figure 4 does not
— exhibit any isosbestic point, it is clear that [(SBse(CHs-
450 500 550 800 850 700 750 800 CN)]?* is not the only final species. Indeed, the intensity of
Wavelength (nm) the band at 556 nm allows one to estimate the amount of
Figure 4. Evolution of the green complex prepared from [(TPEN)Re this later complex to ca. 25% of the total Fe. The degradation
(1 mM in acetonitrile/dichloromethane) with 1 equiv @ECPBA at room of [(TPEN)FeO¥}* proceeds then by several reactions, but
EE’T’TDFI’;:I?;“;S}T’:L a2 periad. Tre. ;”gfé‘ézecsts"{(g‘géggr(‘e’&'g,r\‘lt)]‘gfmp'ex attempts to fit the absorbance at 730 or 556 nm as a function
are shown. of time were unsuccessful even when multiple reactions were
taken into account. However, self-decay of [(TPEN)FeQ]
respectively, absorb. The [(TPEN)FeOFLomplex exhibits monitored by U\~visible spectroscopy, has shown that the
a new band at 818 cr that vanishes when the temperature half-life of the green complex was dependent on the initial
increases. This band is a good candidate for the dx® concentration in Fe: the more concentrated the solution, the
vibration. It is indeed a value close to those reported for faster the degradation is. Then, at least one of the degradation
porphyrinic complexed23 or to the value reported for the  pathways is not a first-order process. Moreover, plots of the
structurally characterized [FeO(TMC)(NC@HOTT)..* When absorbance at 730 and 556 nm resolved in time show that
the [FeOf' complex is prepared in the presence of 250 equiv [(TPEN)FeO#}" is not converted directly to [(SBRYFe(CHs-
of H,'%0, the 818-cm? band is no longer detectable, but a CN)]?* but that one intermediate must be involved (see the
new band appears at 794 cmThis new band progressively ~ Supporting Information). Patra et #l.have shown that
decreases in intensity when the temperature increases. Th§{SBPy)Fe(CHCN)]>+ was formed in acetonitrile by spon-
observed-24-cnt ! isotopic shift upon labeling is lower than  taneous reduction of [(SBRYFe(DMF)P* (ty. = 100 min).
what is expected for a pure diatomic=F® vibration (-36 By analogy, one can assume that [(SBFg(CHCN)J?" is
cm™?) and thus may be kinematically coupled to other modes. obtained by reduction of an [teanalogue formed after
Reactivity of [(TPEN)FeOJ*" in Solution. The green degradation of [(TPEN)Fe®].
complex decomposes immediately upon addition ofR&h Finally, it has to be noted that single crystals of [(TPEN)-
give OPPB, quantitatively. Fe'(PFs), and [(TPEN)F#](PFs)s have also been isolated
Interestingly, in the absence of any substrate, a greenfrom a solution of [[TPEN)FeGJ after decay of the green
solution of [(TPEN)Fed}" progressively turned to pink-red. complex.
This evolution, monitored by U¥visible spectroscopy, is All of these observations show that [(TPEN)F&O]s

shown in Figure 4. It reveals that the green complex g ite 5 versatile oxidant. It is capable of transferring its

disappe_ars to give a_species charact_erized by an intens%xygen atom to a substrate (as in the case of;PRtso,
absorption band peaking at 556 nm with a shoulder at ca. the detection of [(SBRYFe(CHCN)JZ* shows that the

500 nm. This feature can be assigned 10 [(SBPY(CHs-  raop+ is able to oxidize the TPEN ligand. That this

2+ i ;
EN)] I" a cgrgglex W'th thel neutralt p(;ar;)tatlj:er:tatetN? S%u?ff oxidation does not proceed through an intramolecular process
ase figan Rypreviously reported by Patra et al. ( but rather through an intermolecular process is likely (see

nm, e = 6780 Mt cm %24 cf. Figure 4). This attribution : . '
. . " above). In this hypothesis, it can be postulated that the first
was confirmed by the detection of [(SBgyeF* at mz step of this reaction is an hydrogen-atom abstraction on a

193.7, together with a peak corresponding to pyridine : !
i N . methylene pyridyl arm of a first complex by a second
carboxaldehydenf/z 108.2; M+ H") during the study of [(TPEN)EeO}* partner.

[(TPEN)FeO*}' by EI-MS (see the Supporting Information). S ,
Hydrocarbon Oxidation by [(TPEN)FeO]?". The oxi-

(22) Watanabe, Y.: Fujii, HStruct. Bond200Q 97, 59-89. dizing potential of the green complex has been studied at

(23) Weiss, R.; Gold, A.; Trautwein, A. X.; Terner, The Porphyrin room temperature in acetonitrile/dichloromethane (1/1, vlv;

(24) gg?rt;l’)%liécg?n?glecag’rfﬁsiﬂ.;SilﬁnasDclﬁg?éKZ’Olg?};cxg.éﬁepm722(.)02 Table 1). The experimental conditions have been chosen to
41, 5403-5409. match as closely as possible single-turnover conditions in
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order to avoid overoxidation of products and to determine necessarily located in trans of a coordinative function of the
the reactivity of the green complex itself. ligand skeleton. The oxidation ability of this complex has
The green complex is a poor hydroxylating agent becausebeen estimated by using a series of organic substrates. The
cyclooctanol is obtained in only 1% yield under argon. Under results obtained suggest that [FéQ)ehaves, at least in part,
aerobic conditions, a mixture of alcohol and ketone is as an oxidant with some spin density on the terminal oxygen.
obtained and the total yield in products is increasing, with For the oxidation of €&H bonds for example, the reaction
the cyclooctanone being the major product. In the case of may be initiated by hydrogen-atom abstraction that would
ethylbenzene, only products deriving from benzylic oxidation generate an alkyl radical prone (i) to diffuse or (i) to rebound
are observed, with the ketone as the major product in aerobicto the metal center to finally lead to oxygen insertion. It has
or anaerobic conditions. For the oxidation of the alkane, the been shown that oxidation of alkanes by oxidants with
reactivity observed is quite similar to that of [(Bn-tpen)- closed-shell electronic structure such as permanganate fol
FeOF*,% but it is distinct from that of [EFeOF", which is lows a rebound mechanisth.n the case of a non-heme
capable of oxidizing cyclohexane into cyclohexanol chly. [FeOF, the reactivity appears to be less straightforward.
The results obtained with ethylbenzene are consistent with Moreover, it is,apparently also dependent on the experi-
those obtained with cyclooctane because 1-phenylethanol andnental conditions: [(N4Py)P&0]?" has been reported to be
acetophenone are obtained with a alcohol/ketone rafio  a nonselective oxidant toward oxidation of alkanes in single-
and increasing yields under aerobic conditions. We had turnover condition§,whereas its selectivity for the alcohol
previously observed that an [Fe®fcomplex obtained with  formation in catalytic conditions has been demonstréted.
an amine/pyridine ligand is unable to oxidize an aromatic The mechanism proposed by Bryant and M&yéor the
ring.?®> This is confirmed here. oxidation of C-H bonds by [(bpyXpy)RUYO]*" may be a
The epoxidation otis-stilbene is observed at 16% yield starting point to explain thiapparentcontradiction: in the
with isomerization to the trans isomer preferentially. Interest- presence of larger concentrations of oxidant (or if [FeO]
ingly, benzaldehyde is only obtained as trace amounts. Thiscan be easily regenerated, i.e., in catalytic conditions), the
has been previously observed withsJEeOF*. Groves et alkyl radical initially formed by hydrogen-atom abstraction
al. have explained the loss of selectivity in heme systems is frequently trapped by an oxidant (and thus an [Fe(H8R)]
by the involvement of a carbon-radical intermediate formed or [Fe(OR)F" would be the intermediate before the alcohol
by radical attack of the olefin by the [Fe®]entity2® On release). Other studies are needed to determine more
the contrary, cyclohexene is not epoxidized and allylic precisely the reactivity of these new types of [F&O]
oxidation products are obtained. Under air, a total yield of complexes.
ca. 500% versusn-CPBA was obtained in 90 min with A question that has also to be addressed concerns the

equimolar amounts of alcohol and ketone. These results moste|ationship between the nature of the oxidation products and

probably indicate the formation of cyclohexenyl radicals the electronic structure of the [FeD]oxidant. Throughout

during the reaction. this paper, we used either the notations [Fe@} FeV=0.
Finally, it has also to be pointed out that all of the samples |, gyr mind, the attribution of the oxidation state to Fe still

prepared for this reactivity study turned to pink-red, revealing deserves to be experimentally and theoretically explored.
that a significant amount of [(SBRYe(CHCN)]*" was

formed in all experiments. As a consequence, the yields of Acknowledgment. The authors thank F. Perez and K.
oxidation products given in Table 1 are underestimated. Leblanc (ICMMO, UniversiteParis Sud) for ESI-MS experi-
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t Supporting Information Available: Oxygen-atom exchange

plex has been prepared. It exhibits spectroscopic features tha N ) .
are common to other members of this emerging family of between [(TPEN)FeC] and H®0 monitored by EI-MS (Figure

. . S1), Mtssbauer spectrum of [(TPEN)FeO]@HFigure S2), ESI-
_ [
mononuclear non-heme ®eO 'obtalne'd' regently with MS spectrum of [(TPEN)Fe@} during its decay (Figure S3), and
tetradentate or pentadentate amine/pyridine ligdnti$he absorbance of [(TPEN)Fe®] and of [(SBPy)Fe(CHCN)J2+

Fe—oxo valence vibration has been detected in solution by yesolved in time (Figure S4). This material is available free of charge
FT-IR at a frequency consistent with values reported for via the Internet at http://pubs.acs.org.
porphyrini&223or non-porphyrini¢ systems. Thé&®O isotopic
effect showed that this vibration does not arise from a pure
mode. This is probably the consequence of the nonmacro-

(27) Strassner, T.; Houk, K. N. Am. Chem. So@00Q 122 7821-7822.

cyclic nature of the ligand, with the oxo group being (28) Van den Berg, T. A.; de Boer, J. W.; Browne, W. R.; Roelfes, G.;

Feringa, B. L.Chem. Commur2004 22, 2550-2551.
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