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Knowledge of the binding modes of nitric oxide (NO) to
synthetic iron porphyrins is essential to an overall understanding
of the action of NO-heme-containing biomolecules, which play
a crucial role in several biologically important processgghile
much is known about the biological effects of NO, the detailed

mechanism of NO uptake and release by the heme group remain

to be elucidated. Kinetic studies of photochemically induced loss
and recombination of NO with hemoprotetisand metallopor-
phyrins'® suggest that recombination after photolysis is a fast and
multistage process at room temperattne.

Known geometries of FeNO linkages in iron porphyrins and
heme have, to date, been limited to the-le-O arrangement
in linear or bent form$.In general, iron nitrosyl porphyrins of
the “ferric” { FeNG} ¢ formulation have linear FeN—O groups,
whereas those of the “ferrou§FeNG 7 formulation have bent
Fe—N—O groups. We have recently reported that photoexcitation
of {RUNG}© ruthenium nitrosyl porphyrins results in the formation
of metastable O-boundy{-O; MS1) and side-on-N,O; MS2)
bound linkage isomer¥. We now report that metastable NO
linkage isomers of FeNG 7 iron nitrosyl porphyrins are generated
upon illumination with light of 350< 1 < 550 nm wavelength
(300 W xenon arc lamp). While NO linkage isomers have been
observed fo{ MNO}¢ (M = Fe, Ru, Os)Y~1* and for{ MNO} 10
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complexes (M= Ni),’® this is also the first observation of
photoinduced nitrosyl linkage isomerism for kent nitrosyl
{MNQ}” complex of any metal.

Irradiation of the Fe(por)(NO) compourfifas KBr pellets)
at 25 K for 5-10 min results in the formation of new bands in
their IR spectra, downshifted from the parent NO stretching
frequencies. The observed frequencies of the photoinduced bands
for the N0, 1°N%O and N0 complexes of Fe(OEP) and
Fe(TTP) and their relative shifts are listed in the Supporting
Information. Warming the samples to 40 K results in the
disappearance of all new bands and the restoration of the
intensities of the parentyo bands. No free NO was observed in
the photolysis experiments.

In the case of Fe(TTP)(NO), photolysis at 25 K for 10 min
results in the appearance of a new band at 1532'dm the
difference IR spectrumA(in Figure 1, left), downshifted by 140
cm. Measurements on isotope-labeled Fe(TTRJ¢O) and Fe-
(TTP)(*>N*80) show the band to be due to the coordinated NO
group (Figure 1; Table S1 of the Supporting Information). A
second, much weaker, photoinduced band at 1502 dimes not
change on isotopic substitution (Figure 1, left), and is hence
assigned as originating from another part of the complex. Because
of the rapid decay of the photoinduced IR features, samples were
irradiated continuously during the spectral measurements.

A similar IR band A in Figure 1, right) is generated when
Fe(OEP)(NO) is irradiated under the same conditions. The use
of the N80 and!*N*€0 isotope labels again reveals the band to
be due to the coordinated NO group. However, a second new IR
band at 1520 cni (labeledB) is also induced, together with an
isotope-substitution insensitive band at 1506 &n(Figure 1,
right). While both theA andB bands decay at 25 K, the decay
of the B band is much slower, suggesting the formation of two
distinct photoproducts. The isotopic shifts of the IR bands are as
expected for Fe(OEPF{N'®0O) and its photoproducts, and for the
Fe(OEP)PN'®0) derivative and it#\ photoproduct. Thé& band

of photolyzed Fe(OEPYN®0) appears as a doublet and the shift
of ~95 cn! is larger than the expected value 68 cnmt.
Vibrational coupling of this low-frequency band with other modes
of the complex may be responsible for the latter observation.
Conversion percentages are estimated-at@% for Fe(OEP)-
(NO), and 2-3% for Fe(TTP)(NO).

The observed shifts afyo for the Fe(por)(NO) photoproducts
are very similar to those recorded for other non-porphyrin Fe and
Ru complexes for which the identity of the photoinduced species
have been established by photocrystallographic experiments.
The IR data thus suggests the formation of an M%QN)
isomer upon irradiation. This assignment is supported by the DFT
calculations.

A series of theoretical calculations was performed on'FeP
(NO) (P = porphine dianion) with the Amsterdam Density
Functional (ADF) packag¥.'®

The ground-state optimization of F¢RO) reproduces the
structural distortions of the J&Fe(NO) core recently observed by
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Figure 2. The theoretical geometry of the metastable state (END,
viewed from three different directions.
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with respect to the equatorial ligands, were found. However, in

R our work the eclipsed isonitrosyl configuration for the model'FeP

7R 4700 tes0 160 1550 1500 140 1700 1650 1800 1550 1500 1450 (ON) compound invariably reverted to the Staggered structure on
Wavenumber (cm) Wavenumber (cm") optimization. Attempts to optimize a side-g8 MS2 geometry

Figure 1. Infrared difference spectra formed by subtracting the spectra INvariably failed, the molecule returning to the ground-state
of the complex after illumination (at 25 K) from the infrared spectra of Structure after a large number of cycles. This is in complete
the complex in the dark. (Left) Fe(TTP)(NO); (right) Fe(OEP)(NO). agreement with the absence_of an MSZ spectral feature in all our
Negative and positive features represent IR bands that are depleted, ofight-on spectra. The theoretical optimized geometry of the Fe
new or increased in intensity upon illumination, respectively. The ON MS1 state is illustrated in Figure 2. The saddle shape of the
differential feature of the highest frequency band of Fe(OEP)(NO) is due porphyrin macrocycle for both the optimized ground and meta-

to a slight change in peak profile. stable states geometries may be a property of the isolated molecule
and does not occur in the solid state.
Ellison and Scheidt for Fe(OEP)(N@)?° As observed in their In summary, we have provided the first spectroscopic and

X-ray diffraction experiment, the FeN(O) vector is tilted toward theoretical evidence for nitrosyl linkage isomerism in iron
the oxygen atom from the-axis defined by the normal to the  porphyrins, and the first observation of linkage isomers for any
plane through the four equatorial N atoms (Ify&&cording to five coordinatel MNO}” complex. The results are relevant to the
the optimization, 6-8° according to experiment), while the NO  overall study of NO binding, dissociation, and recombination
group is staggered with respect to the equatorial bonds. The fourinvolving heme proteins. Chance and co-workers, for instance,
equatorial Fe-N distances divide in two groups with the bonds have characterized two photoproduct states of ferrous MbNO that
closest to the direction of the NO tilt being shorter.025 A, involve two (dissociated) NO conformations that rebind to the
as observed in the experiment and interpreted by Scheidt andiron center at different rate8.Although isonitrosyls were not
Ellison in terms of the g—NO x* interaction and subsequent observed in this latter study, the authors proposed that the fast-
tilting of the basalo-orbitals?! rebinding state has the N-atom of the dissociated NO group closer
Full optimization of the staggered MS1 isonitrosyl structure to the metal center, whereas in the slow-binding state the O-atom
for FeP(ON) confirms that it corresponds to a local energy is closer to the metal center, which would necessitate the flipping
minimum, with an energy 1.59 eV above that of the ground state. of NO before rebinding.
As the B band formation is dependent on the ring substitution ~ We are pursuing similar studies on six-coordinate Fe-porphyrin
(i.e., present for the OEP, but not for the TTP complex), nitrosyl species.
calculations on the ring-unsubstituted complex may not reveal a
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