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A high-valent oxoferryl porphyrinz cation radical species is
an intermediate in the catalytic cycle of heme-containing catalases
and peroxidases. This intermediate, formally two oxidation
equivalents above the ferric porphyrin resting state, is commonly
known as “compound I” (cpd 1). A similar cpd | intermediate
has been postulated as the active oxygen atom donor in cyto-
chrome P450 monooxygenase enzymd3espite the importance
of this catalytic intermediate, our understanding of the relationship
between electronic structure and reactivity of cpd | remains

incomplete. The consensus approach toward understanding the

electronic structure of these enzyme intermediates is through
correlation of their unique spectroscopic and magnetic properties
with those obtained on structurally defined small molecule model
compounds. EPR and Mebauer spectroscopies have been used
to probe the ground state of both enzymic and biomimetic cpd
[,1ab3and these data have been interpreted in the context of an
exchange interaction between the ferryl Fee(= 1) and the
porphyrinz cation radical & = /,) and a large zero-field splitting
(ZFS), Dk, of the ferryl Fet> An admixture of a low-lying ligand

field excited state into the ground state has been suggested it

order to explain the origin of the large ferryl iron ZF5.The
exchange interaction was determined to range from antiferro-
magnetic in chloroperoxidase | to weakly ferromagnetic in catalase
I, with very weak ferromagnetic exchange present in horseradish
peroxidase | (HRP I}. The nature of the exchange interaction
in the enzymes is in sharp contrast to #teong ferromagnetic
exchange observed in all meso-substituted cpd | analogues studie
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Figure 1. Electronic absorption (8 K) ah7 T MCD (4.2 K) data for
[(TMP)Fe(IV)=0]" in an optical glass formed from a 77:20:3 mixture
of toluene/CHCl/methanol.

provide considerable insight into electronic structure contributions
0 reactivity. Here we present the first magnetic circular
dichroism (MCD) spectroscopic study of a cpd | analogue, which
provides a direct probe of the ground and excited-state electronic
structure of oxoferryl porphyrimr cation radical intermediates.
The low-temperature MCD and electronic absorption spectra
of [(TMP)Fe(IV)=0]" (TMP = tetramesitylporphyrin) are pre-
sented in Figure 1. Particularly noteworthy are two A terms

&entered at 15 124 crh(661.2 nm) and 25 224 cmi(396.5 nm),

to date3acd The electronic communication between the Fe and 'ndicative of transitions from the Aground state to two different

porphyrin radical spins, coupled with the unique electronic
structure of the catalytically relevant oxoferryl moiety, is expected
to play a significant role in enzyme catalysis. Thus, a detailed
understanding of the electronic origin of excited-state spectral

features and ground-state spin-Hamiltonian parameters shouldlOWwest A
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excited states of E symmetry @y,. The higher energy of the
two A, — E transitions can be roughly equated with the B band
and the lower energy transition with the Q band observed in the
neutral macrocycle. However, the orbital descriptions of the
— E transition is complicated by the presence of
significant contributions from one-electron promotions<eay.)
originating from low-lying filled porphyrinz orbitals to the singly
occupied porphyringHOMO# Apart from these transitions, the
MCD spectrum of [(TMP)Fe(I\B=O]" is quite complex, revealing

a combination of temperature independent and field dependent
A and B terms in addition to temperature-dependent C térms.
Since C term contributions to the MCD are expected to be largest
for transitions to spirorbit split excited state%the C terms
should be a sensitive probe of the amount of ferryl Fe character
mixed into the excited-state wave functions. The C term
contributions to the MCD spectrum of [(TMP)Fe(B#D] " display

only three major features below 26 000 cimnamely, a doubly
signed pseudo A term(at 25920 and 24 715 cm) and an
additional C term (at 23 675 cr®). The temperature dependence
of the B-band pseudo A term is a direct reflection of mixing
between ferryl ¢, and porphyrin p- molecular orbitals of e
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symmetry. Therefore, the B band transition formally involves 300 cnt?) and is contrary to that found in other terminal metal-
some porphyrin— Fe charge transfer character. The origin of 0xo complexes where the stromgdonor properties of the oxo
the low-energy, positively signed C term remains undetermined ligand severely destabilize the metgl,dorbitals relative to g.13
and is the subject of ongoing investigations. That only three Ongoing work in our laboratofy indicates that this unusual d
transitions display significant C-term behavior is testament to the orbital splitting pattern arises from interactions with the porphyrin

electronic “decoupling” of the oxoferryl moiety from the por-
phyrin. This is a manifestation of the high symmetry of the
porphyrin core in [(TMP)Fe(I\A4=O]*, which results in negligible
overlap between the porphyrin #OMO and the Fe d,, 7
orbitals. Although the MCD C term spectrum of [(TMP)Fe-
(IV)=0]" is similar to that reported for HRP hbove~20 000

cml, at lower energies HRP | is very temperature dependent.

This reflects the relative amount of Fe-dorphyrin a(a) mixing
in low-lying transitions with appreciable porphyrin € a;.(a,)
character. Since the degree of kg g-porphyrin a(a) overlap
is proportional taantiferromagneticontributions to the exchange
interaction? MCD spectroscopy can provide critical information
with respect to differences in electronic communication between
the oxoferryl Fe and porphyrin cation radical.

We have utilized variable-temperature MCD (VT-MCD)

spectroscopy (Figure 2) in order to determine the magnitude of

the|Se= 1, S = Y, St = 3/,> quartet ground-state ZF®¢,)
and provide an estimate &, the magnitude of the Feg-d,;,,
orbital splitting’® The VT-MCD data for the 25 920 cm band
of [(TMP)Fe(IV)=0Q]* can be fit with a modét which takes into

account the ZFS of the quartet ground state. The best fit to the

data yieldsDs;, = +5.3 cnT? (Dpe = +15.84 1.0 cnTY), which
is within the range of that deduced previously by spectral
simulation of M@sbauer data(Dge = +18.6 cnt?) and by fitting
the EPR temperature dependedqe-18 < Dg < +36 cnT?).
The experimentally determined valueffor [(TMP)Fe(IV)=0]"
is quite small A = 1420 cm* for Do = +15.8 cntt andkg =
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ligand.

This work represents the first effort at understanding the unique
electronic structure of a model oxoferryl porphysircation radical
intermediate by MCD spectroscopy and form a basis for extension
to enzymic cpd | catalytic intermediates. The VT-MCD analysis
of [(TMP)Fe(IV)=0]" indicates an unusual d orbital splitting
pattern similar to that observed for HRP I. This is postulated to
arise from Fe gd,, — porphyrin p~ back-bonding interactions
where the porphyrin p orbitals of e symmetry play & acceptor
role, lowering the energy of the Fe,g orbital set and reducing
their antibonding character. The effect of this back-bonding
interaction is tostrengtherthe Fe=O bond by partially delocal-
izing thesr antibonding g,y electron density onto the macrocycle,
resulting in a more electrophilic and reactive oxo ligand. This
indicates that nonplanar macrocycle distortions and nature’s choice
of a particular prosthetic group may play subtle roles in fine-
tuning the reactivity of oxoferryl species. We have also shown
that the low-energy C term MCD reveals critical differences
between [(TMP)Fe(I\V)=0]* and HRP | which parallel differences
in the nature of the exchange interaction (strongly ferromagnetic
for [(TMP)Fe(IV)=0]" and weakly ferromagnetic for HRP 1).
Theoretical calculations indicate that many of the low-lying states
of porphyrinzr cation radicals contain appreciablee a;.(a,)
charactef. Therefore, the magnitude of the low-energy MCD C
terms reflects the degree of Fe,g—porphyrin a(ay) orbital
overlap and probes the electronic origin of the ground-state
exchange interaction. Fgx},—porphyrin a(a,) orbital overlap
provides a potential super-exchange pathway for electron transfer
between the ferryl Fe and neutral macrocycle in one-electron
reduced cpd Il. This electron transfer pathway is hypothesized
to be important in transferring the remaining oxidizing equivalent
from the ferryl Fe to the porphyrin periphe®where reaction
with substrate occurs. Finally, the formation of a strong=Be
bond is central to all heme enzymes which form cpd | catalytic
intermediates, and a detailed understanding of the nature=e®Fe
bonding is crucial to developing a comprehensive and detailed
understanding of electronic structure contributions to reactivity
in heme-containing monooxygenases, peroxidases, and catalases.
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