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Abstract: The synthesis, structural, and spectroscopic characterization of (nitrosyl)iron(lll) porphyrinate
complexes designed to have strongly nonplanar porphyrin core conformations is reported. The species
have a nitrogen-donor axial ligand trans to the nitrosyl ligand and display planar as well as highly nonplanar
porphyrin core conformations. The systems were designed to test the idea, expressly discussed for the
heme protein nitrophorin (Roberts, et al. Biochemistry 2001, 40, 11327), that porphyrin core distortions
could lead to an unexpected, bent geometry for the FeNO group. For [Fe(OETPP)(1-Melm)(NO)]CIO4:CsHs-
Cl (H,OETPP = octaethyltetraphenylporphyrin), the porphyrin core is found to be severely saddled. However,
this distortion has little or no effect on the geometric parameters of the coordination group: Fe—N, =
1.990(9) A, Fe—N(NO) = 1.650(2) A, Fe—N(L) = 1.983(2) A, and Fe—N—0 = 177.0(3)°. For the complex
[Fe(OEP)(2-MeHIM)(NO)]CIO4:0.5CH,CIl, (H,OEP = octaethylporphyrin), there are two independent
molecules in the asymmetric unit. The cation denoted [Fe(OEP)(2-MeHIm)(NO)]*(pla) has a close-to-planar
porphyrin core. For this cation, Fe—N, = 2.014(8) A, Fe—N(NO) = 1.649(2) A, Fe—N(L) = 2.053(2) A, and
Fe—N—O = 175.6(2)°. The second cation, [Fe(OEP)(2-MeHIm)(NO)]*(ruf), has a ruffled core: Fe—N, =
2.003(7) A, Fe—N(NO) = 1.648(2) A, Fe—N(L) = 2.032(2) A, and Fe—N—0 = 177.4(2)°. Thus, there is no
effect on the coordination group geometry caused by either type of nonplanar core deformation; it is unlikely
that a protein engendered core deformation would cause FeNO bending either. The solid-state nitrosyl
stretching frequencies of 1917 cm™* for [Fe(OEP)(2-MeHIm)(NO)]CIO4 and 1871 cm™* for [Fe(OETPP)-
(1-Melm)(NO)]CIO,4 are well within the range seen for linear Fe—N—O groups. Méssbauer data for [Fe-
(OEP)(2-MeHIm)(NO)]CIO4 confirm that the ground state is diamagnetic. In addition, the quadrupole splitting
value of 1.88 mm/s and isomer shift (0.05 mm/s) at 4.2 K are similar to other (nitrosyl)iron(lll) porphyrin
complexes with linear Fe—N—O groups. Crystal data: [Fe(OETPP)(1-Melm)(NO)]CIO4-CsHsCl, monoclinic,
space group P2i/c, Z = 4, with a = 12.9829(6) A, b = 36.305(2) A, ¢ = 14.0126(6) A, p = 108.087(1)°;
[Fe(OEP)(2-MeHIm)(NO)]CIO4+0.5CH-Cls, triclinic, space group P1, Z = 4, with a = 14.062(2) A, b =
16.175(3) A, ¢ = 19.948(3) A, o = 69.427(3)°, B = 71.504(3)°, y = 89.054(3)°.

Introduction electrons in ther* orbitals of NO. The number of electrons in

The interaction of nitric oxide (NO) with iron(ll) hemes is ~ the metal-nitrosyl unit is given by in the notation{ MNO} "
now widely seen as extremely important to many mammalian Using th7|s formallsm, (mtrosyl)won(ll) porphyrin complexes are
biological functions including smooth muscle relaxation, inhibi- {FENG spsmes. Earlier structural studle$have shown that
tion of platelet aggregation, neurotransmission, and immune the {FeNC} pomplexes are expected to have bent FeNO
regulationt Consequently, there has been renewed interest in 9e0metries with FeN—0 angles in the range 1425C" and
the study of (nitrosyl)iron porphyrin model complexes. Itis well- F&~N(NO) bond lengths of 1.721.74 A in addition, there is
recognized that the geometry of the -é—O group is an a substantial structural trans effect due to the NO ligand in six-
important feature of iron nitrosyl complexes and the FeNO group coordinate{FeNG” species.
geometry is strongly correlated to the electronic structure atiron.  ©N th‘? other h"’:}”d' U”t'! just recently, all structurally
Enemark and Feltham have developed a formalism for predicting characterizedFeNG > porphyrin complexes (formally iron(ill)
the geometry of metal nitrosyl complexes on the basis of the complexes) were found to exhibit linear or nearly linear-Fe
number of electrons in the metal d orbitals plus the number of N—O groups® The Fe-N(NO) bond lengths fall into a narrow
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range from 1.63 to 1.67 A. Also, the axial ligand bonds trans

been observe®. Recently, however, an ultrahigh-resolution

to NO are not lengthened because of the presence of the nitrosyktructure of an NO-bound nitrophorin revealed an unusual

group. Interestingly, however, the recently characterized (ni-
trosyl)iron(lll) ({ FeNG ) porphyrin complex [Fe(OEP)El4-
p-F)(NO)] has a bent FeNO group (F&l—O = 157.4(2)).”8

In this complex, the presence of tleebonded phenyl group

coordination geometry for the nitrosyl group. The-f¢—0O
group was found to be bent, with an angle of 158he bending

of the FeNO group was suggested to be connected to the high
degree of heme ruffling? The possibility that significant core

trans to the nitrosyl causes a significant enough change in theruffling could change the nature of the F8—O interaction

electronic environment at iron to lead to bending of the FeNO
group. This, in turn, gives credence to earlier studiggeNG ©
species with an anionic ligand trans to NO (in particular, nitrite)

enough to lead to appreciable bending in {geNG & porphy-
rins is a startling result. But, in the model complexes noted
above, the core conformations were essentially planar and thus

which could be interpreted as suggesting that a trans anionicdid not provide information on whether core conformation might

ligand might lead to an FeN—O angle that was slightly
nonlinear? Other changes in the iron coordination geometry of
[Fe(OEP)(GHa4-p-F)(NO)] also accompany the bending of the
FeNO group. The FeN(NO) bond length is elongated to 1.728-
(2) A, and the axial FeC(aryl) bond length of 2.040(3) A trans
to the nitrosyl is 0.085 A longer than theF€(aryl) bond length

in the most closely related structurally characterized species,

[Fe(TPP)(GHs)].1° Thus, the structural parameters of [Fe(OEP)-
(CgHa-p-F)(NO)] are midway between the limiting character-
istics of{ FeNG 6 and{ FeNG 7 porphyrin systems. The results
immediately raise the question of how easily distortions in the
FeNO coordination group could arise. Of particular interest is
the ease of changing the FeNO angle from linearitffiaNG
complexes with its possible significant effects on properties and
reactivity.

There has been corresponding interest in exploring and
defining further biological roles for NO. One such role has been
found that is critical to the life of some blood-sucking insects.
Rhodnius prolixusand Cimex lectulariusutilize ferric heme
proteins (nitrophorins) to aid in their blood feeding. The
nitrophorins store, transport, and release nitric oxide which

lead to bending of the FeNO group.

Accordingly, we have synthesized and structurally character-
ized (nitrosyl)iron(lll) porphyrin complexes designed to have
highly nonplanar porphyrin cores. The structural studies revealed
that the steric requirements of the 12 peripheral porphyrin
substituents in [Fe(OETPP)(1-Melm)(NO)]Cl@®ad to a highly
saddled heme but an otherwise normal FeNO coordination
geometry. Using a more sterically hinderedial ligand to
synthesize the complex [Fe(OEP)(2-MeHIm)(NO)]¢led to
an interesting structural result: the porphyrin core of one cation
in the asymmetric unit, [Fe(OEP)(2-MeHIm)(NO}pla), is
essentially planar, and the core of a second cation, [Fe(OEP)-
(2-MeHIm)(NO)J*(ruf), is ruffled. In both of these cations, only
nearly linear FeNO groups were found (Rd—0O = 175.6(2Y
and 177.4(2), respectively). These derivatives with highly
nonplanar heme cores have FeNO geometries that are quite
similar to those previously characterized with comparable trans
axial ligands; all are effectively linear. Therefore, the structural
data presented in this paper do not support nitrosyl group
bending in (nitrosyl)iron(lll) hemes due to highly nonplanar
heme cores.

causes local vasodilation and reduced blood coagulation in the  Moreover, we have also explored how the Yuisible and

victim.1112 The functions of these heme proteins could be infrared spectra respond to core deformations. These spectro-
structurally controlled, and the structures have been intensively scopic probes have been shown, for other nitrosyl species, to
investigated*~*° The proteins have an NO binding site and a pe quite diagnostic of the coordination at iron and to the degree
coordinated histidine trans to the NO site. We have been ableof pending of the FeNO group. Clearly, bending of the FeNO
to synthesize and structurally characterize ferric porphyrin group must involve a change in the-Ad and N-O bonding
nitrosyl complexes as models for these rather unique proteins.and should be observable by these methods. The spectroscopic
The systems characterized had a number of different neutralgata for the new species are found to be similar to those found

nitrogen donors trans to NO; only linear nitrosyl groups have

(8) Abbreviations: Porph, a generalized porphyrin dianion; OEP, dianion of
octaethylporphyrin; OETPP, dianion of octaethyltetraphenylporphyrin;
TMP, dianion of tetramesitylporphyrin; TPP, dianion of tetraphenylpor-
phyrin; TpivPP, dianion of picket fence porphyrin; 4-CNPy, 4-cyano-
pyridine; 1,2-Melm, 1,2-dimethylimidazole; 2-MeHIm, 2-methylimidazole;
1-Melm, 1-methylimidazole; 2-MePrz, 2-methylpyrazine; Iz, indazole
(benzopyrazole); PMS, pentamethylene sulfide; Prz, pyrazine; Pz, pyrazole;
N,, porphyrinato nitrogen.
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W. R. Structure1998 6, 1315.
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W. R. Nat. Struct. Biol.1998 5, 304.

(16) Weichsel, A.; Andersen, J. F.; Roberts, S. A.; Montfort, WNR&t. Struct.
Biol. 200Q 7, 551.

(17) Andersen, J. F.; Ding, X. D.; Balfour, C.; Shokhireva, T. Kh.; Champagne,
D. E.; Walker, F. A.; Montfort, W. RBiochemistry200Q 39, 10118.

(18) Andersen, J. F.; Montfort, W. R.. Biol. Chem200Q 275, 30496.
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Monfort, W. R. Biochemistry2001, 40, 11327.
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for previously characterized species and consistent with the
assignment of a linear FeNO group. Finally,"84bauer data
for [Fe(OEP)(2-MeHIm)(NO)} reveal an electronic environ-
ment at iron that is unaffected by the high degree of ruffling in
the porphyrin core. The strong similarity between thésstmauer
parameters of [Fe(OEP)(2-MeHIm)(NO)and othe{ FeNG; &
porphyrin complexes with planar porphyrin cores and linear
FeNO groups is further evidence that heme core distortions do
not lead to significant changes in the electronic structure at iron
or to FeNO bending.

Experimental Section

General Information. All manipulations involving the addition of
NO were carried out in an oxygen- and water-free environment using
a double manifold vacuum line, Schlenkware, and cannula techniques.
Methylene chloride was distilled over CaHChlorobenzene was
distilled over BOs. Hexanes were distilled over sodium benzophenone.
NO gas was purified by passing it through 4A molecular sieves
immersed in a dry ice/ethanol slush bath to remove higher oxides of

(20) Ellison, M. K.; Scheidt, W. RJ. Am. Chem. S0d.999 121, 5210.
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nitrogen?! All other chemicals were used as received from Aldrich or Table 1. Crystallographic Details for
Fisher. IR spectra were recorded on a Nicolet Nexus 670 FT-IR [Ee(SE_Fr")D(g'NleH'T)(N'\?%]ng?gﬂ"é:'z and
spectrophotometer as Nujol mulls; electronic spectra were recorded on[ &( )A-Melm)(NO)]CIO4CeHs
a Perkin-Elmer Lambda 19 UV/vis/near-IR spectrometer. Representative formula GioHs0CIFENOs* CroH71CloFeN;Os
electronic spectra cannot be obtained by simply dissolving the isolated 0.5CHCl,
{FeNQG ¢ compound in an appropriate solvent due to facile dissociation 842.63 1217.09
f NO. Therefore, electronic spectra were obtained by preparing the & 14.062(2) 12.9829(6)
of NO. Therefore, P y preparing the , 16.175(3) 36.305(2)
compound in situ in CECl, under an atmosphere of NO in a specially ¢ A 19.948(3) 14.0126(6)
designed anaerobic cell with adjoining 1 and 10 mm cuvettes. The solid- «, deg 69.427(3)
state M@sbauer sample was immobilized in Apiezon greasaddauer B, deg 71.504(3) 108.0870(10)
measurements were performed on a constant acceleration spectrometer?; 4€9 89.054(3)
at 4.2 K with zero field andn a 6 T ma ic fi v, AS 4005.3(11) 6278.4(5)
. gnetic field parallel to the Space arou P1 P2./c

y-ray beam (Knox College). The free baseCHETPP was purchased pace group 4 4 !
from Frontier Scientific. The free base,BIEP was purchased from De, glcn? 1.397 1.288
Midcentury Chemicals. The chloro- and (perchlorato)iron(lll) deriva- ~ F(000) 1772 2560
tives were synthesized by modified literature meth®dé Caution! w, mmt 0.564 0.382
Although we have experienced no problem with the procedures Ccrystaldimens,mm 0.5 0.50x 0.20 _~ 0.50x 0.27x 0.07
described in dealing with systems containing the perchlorate ion, they Z° 0.71073

. T, K 130(2) 170(2)
can d_e_tongte spontaneously and should be handled only in small ji~ data colld 37717 69 284
quantities; in no case should such a system be heated abo%, 30 absorption correction SADABS

and other safety precautions are also warrafftffee(OEP)(2-MeHIm)]- unique data 22 586, = 0.046)  15583Ry = 0.045)
ClO, was prepared in methylene chloride as described previdtsly. Uni[flluegb(sl;i] data 14253 10323
Preparation of [Fe(OETPP)(1-Melm)(NO)]CIO,CsHsCl. Chlo- i

rober?f:nztio.%[mel_()owas a)(gdedeto )sg r(rig)jlc(:oc.)gogﬁmsrﬁol)cofo[Fe- refinement method ofi 2 (SHELXL)

8 A final Rindices R; = 0.0521, R; = 0.0659,
(OETPP)OCIQ] and 25uL of a 5% solution of 1-MeHIm in GHsCI [l > 20(1)] WR, = 0.1338 WR, = 0.1728
(0.015 mmol) in an 8« 240 mm glass tube inside an extralong Schlenk  final Rindices R, = 0.0866, R, = 0.0864,
tube under argon. NO gas was bubbled into the solution for several [for all data] WR; = 0.1558 WR, = 0.1891

minutes. The dark olive-green color of the solution did not change
noticeably upon addition of NO. X-ray quality crystals were obtained
by layering NO-saturated hexanes over the solution in the tubes. An remaining atoms. The structures were refined agafstwith the
NO atmospherenustbe maintained inside the Schlenk tube during program SHELXL-9782° in which all data collected were used
crystallization to avoid the facile dissociation of NO. IR (NujolNO) including negative intensities. Hydrogen atoms were idealized with the
= 1871 cm. UV—vis (CHCly): 464, 577 nm. standard SHELXL idealization methods. In [Fe(OETPP)(1-Melm)(NO)]-
Preparation of [Fe(OEP)(2-MeHIm)(NO)]CIO 4-0.5CH,Cl,. Care- ClO4CgHsCl, there is disorder present in the axial imidazole ligand,
fully purified methylene chloride~0.5 mL) was added to solid [Fe-  the porphyrin ligand, and in the perchlorate ion. The 1-methylimidazole
(OEP)(2-MeHIm)]CIQ (12 mg) in an 8x 150 mm glass tube inside  ligand is disordered over two positions. The major component has a
an extralong Schlenk tube under argon. NO gas was bubbled into therefined occupancy of 83%. The minor component representing 17%
solution for several minutes. The color of the solution changed from occupancy was not anisotropically refined. One of the phenyl rings
red/brown to purple/pink. X-ray quality crystals were obtained by occupies two positions at 0.87 and 0.13 refined occupancies. There
layering NO-saturated hexanes over the solution in the tubes. An NO were also two positions of the perchlorate anion at 0.78 and 0.22 refined
atmospheremust be maintained inside the Schlenk tube during occupancies. Again, the minor components were not anisotropically

crystallization. A bulk powder sample for Mebauer measurements
was obtained by adding hexanes under an NO atmosphere teG.CH
solution of the compound in a Schlenk tube. IR (Nujol)NO) =
1917 cm. UV—vis (CH,Cly): 414, 529, 561 nm.

X-ray Structure Determinations. The structure determinations were
carried out on a Bruker Apex CCD diffractometer with a MaxK
radiation sourcel(= 0.71073 A). A dark green crystal of [Fe(OETPP)-
(1-Melm)(NO)]CIOy*CeHsCl (0.50 x 0.27 x 0.07 mn%) was used for
the structure determination at 170(2) K. A dark purple crystal of [Fe-
(OEP)(2-MeHIm)(NO)]CIQ-0.5CHClI, (0.50 x 0.50x 0.20 mnf) was

used for the structure determination at 130(2) K. The absorption

correction program SADAB® was used for both structures. The
structures were solved using the direct methods program SHELXS;

subsequent difference Fourier syntheses led to the location of the

(21) Dodd, R. E.; Robinson, P. Experimental Inorganic Chemistrilsevier:
New York, 1957; pp 233234.

(22) (a) Adler, A. D.; Longo, F. R.; Kampus, F.; Kim, J.Inorg. Nucl. Chem.
197Q 32, 2443. (b) Buchler, J. W. IRorphyrins and Metalloporphyrins
Smith, K. M., Ed.; Elsevier Scientific Publishing: Amsterdam, The
Netherlands, 1975; Chapter 5.

(23) Dolphin, D. H.; Sams, J. R.; Tsin, T. Borg. Chem.1977, 16, 711.

(24) Wolsey, W. C.J. Chem. Educl1973 50, A335. Wolsey, W. CChem.
Eng. Newsl983 61 (Dec. 5), 4;1963 41 (July 8), 47.

(25) Scheidt, W. R.; Geiger, D. K.; Lee, Y. J.; Reed, C. A.; LangJGAm.
Chem. Soc1985 107, 5693.

(26) Sheldrick, G. M. Program for Empirical Absorption Correction of Area
Detector Data. UniversitaGéttingen, Germany, 1996.

(27) Sheldrick, G. MActa Crystallogr.1990 A46, 467.

refined. In the structure of [Fe(OEP)(2-MeHIm)(NO)]GIO.5CHCl,,
all non-hydrogen atoms were refined anisotropically.

Brief crystal data for [Fe(OETPP)(1-Melm)(NO)]Cl€sHsCl and
[Fe(OEP)(2-MeHIm)(NO)]CIQ0.5CHCI, are listed in Table 1. Com-
plete crystallographic details, atomic coordinates, anisotropic thermal
parameters, and fixed hydrogen atom coordinates for both structures
are included in the Supporting Information.

Results

Two new [Fe(Porph)(L)(NO)] species, designed to have
nonplanar cores, have been synthesized under carefully con-
trolled conditions. The structural and spectroscopic characteriza-
tion of these species has also been determined. The first
derivative was prepared with the highly substituted porphyrin
octaethyltetraphenylporphyrin. An ORTEP diagram of [Fe-
(OETPP)(1-Melm)(NO)]CIQis given in Figure 1. The strongly
saddled core conformation of this derivative is evident. The
second derivative synthesized utilized octaethylporphyrin and

(28) Sheldrick, G. M. Program for the Refinement of Crystal Structures.
Universita Gottingen, Germany, 1997.

(29) Ry = 3 |Fol — |Fcl/3|Fo| and wWR, = {3 [W(Fo? — FAZ/T[wF,4} 2 The
conventionaR-factorsR; are based o, with F set to zero for negative
F2. The criterion ofF 2 > 20(F 2) was used only for calculating. R-factors
based or2 (WR,) are statistically about twice as large as those based on
F, andR-factors based on ALL data will be even larger.
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Figure 1. ORTEP diagram of [Fe(OETPP)(1-Melm)(NO)]CQn this
view, the N, plane is perpendicular to the plane of the drawing. Thermal
ellipsoids are drawn at 30%. The labeling scheme for selected atoms is
also shown. The hydrogen atoms of the porphyrin ring and imidazole ligand
have been omitted for clarity.

cl(1)

O4)
0()

Figure 2. ORTEP diagram of [Fe(OEP)(2-MeHIm)(NO)]Cl(pla). Ther-
mal ellipsoids are drawn at 50%. The labeling scheme is also shown. The
hydrogen atoms of the porphyrin ring have been omitted for clarity.

the hindered ligand 2-methylimidazole. In the structure of [Fe-
(OEP)(2-MeHIm)(NO)Y, two independent porphyrin cations
were found in the asymmetric unit. Interestingly, the two cations
differ greatly in core conformation. One cation has a near-planar
core conformation and is denoted [Fe(OEP)(2-MeHIm)(NO©)]

CI(1) 0o(5)

0(4)

Figure 3. ORTEP diagram of [Fe(OEP)(2-MeHIm)(NO)]CI@uf). Ther-
mal ellipsoids are drawn at 50%. The labeling scheme is also shown. The
hydrogen atoms of the porphyrin ring have been omitted for clarity.

for selected bond distances and angles for both structures are
listed in Table 2. Values for related compounds are also
given30-32

The Fe-N(NO) bond lengths in these three [Fe(Porph)(L)-
(NO)I* complexes range from 1.648(2) to 1.650(2) A. The
FeNO angles are nearly linear ranging from 175.5{@)177.4-
(2)°. The average FeN, bond length ranges from 1.990(9) to
2.014(8) A. The FeN(2-methylimidazole) bond lengths are
longer at 2.032(2) and 2.053(2) A than for the less sterically
hindering 1-methylimidazole ligand at 1.983(2) A (Table 2).

The core conformations of the three [Fe(Porph)(L)(NO)]
cations vary greatly. The steric crowding between the four
phenyl and eight ethyl substituents of the porphyrin ring in [Fe-
(OETPP)(1-Melm)(NO)} causes a severe saddling distortion.
The pyrrole rings with the ethyl substituents are tilted alternately
down and up with respect to the porphyrin plane. The average
dihedral angle between the pyrrole ring and the porphyrin plane
is quite large at 30°7 The phenyl rings are rotated to have
small dihedral angles with the porphyrin mean plane. The
average of these four angles at #2s88smaller than the average
angle for planar tetraphenyl porphyrins as expected for this
saddling deformation.

The core is relatively planar in [Fe(OEP)(2-MeHIm)(N®)]
(pla), while the core in [Fe(OEP)(2-MeHIm)(NO)ruf) is quite
ruffled. One method of describing the out-of-plane distortion

(pla); the second cation has a quite ruffled core conformation in the porphyrin core is to calculate the rotation angles between
and is denoted as [Fe(OEP)(2-MeHIm)(NQ)Yuf). ORTEP the five-membered pyrrole ring and the mean plane of the four
diagrams of these molecules are given in Figures 2 and 3, wherepyrrole nitrogens. Ruffling is characterized by an alternating
both the cation and the perchlorate counterion for each moleculeclockwise-counterclockwise pattern of rotation around the ring.
are illustrated. An ORTEP diagram illustrating the arrangement Larger angles indicate more ruffling. The rotation angles for
of both of these molecules in the unit cell along with the the relatively planar [Fe(OEP)(2-MeHIm)(NOJpla) are—4.5",
counterions and solvent molecule is given in the Supporting —0-3» —3.4°, and +4.4°. Comparatively, for [Fe(OEP)(2-
Information. The labeling schemes depicted in these diagramsMeHIMNO)*(ruf), these angles are8.0°, —8.4°, +12.4, and

are consistent with those used in all of the diagrams and tables, “11-Z- Positive values indicate a clockwise rotation of the
Complete listings of bond lengths and angles for both structures pyrrole ring with respect to the four pyrrole nitrogen mean plane

are given in the Supporting Information. In the SI tables, the when looking down from the nitrosy| side of the heme plane.

) . . . Th icul ispl ts of the ati f th
two cations in [Fe(OEP)(2-MeHIm)(NOY]are differentiated e perpendicular displacements of the atoms from the mean
by an underscore one (_1), which follows the label for [Fe- (30) scheidt, w. R.; Lee, Y. J.; Hatano, K. Am. Chem. S04984 106, 3191.

(OEP)(Z-MeHIm)(NO)T(pIa), and an underscore two (_2)1 (31) Yi, G.-B.; Chen, L.; Khan, M. A,; Richter-Addo, G. Bhorg. Chem1997,
which follows that for [Fe(OEP)(2-MeHIm)(NO){ruf). Values

13836 J. AM. CHEM. SOC. = VOL. 124, NO. 46, 2002

36, 3876.
(32) Ellison, M. K.; Schulz, C. E.; Scheidt, W. Rorg. Chem200Q 39, 5102.
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Table 2. Selected Comparisons for Axial Bonding Parameters in {MNO} ¢ Metalloporphyrins

complex Fe—Ny? Fe—Nyo? [JFeNOP Fe-L? N-02 A ref
[Fe(OETPP)(1-Melm)(NO)] 1.990(9) 1.650(2) 177.0(3) 1.983(2) 1.130(3) 0.09 this work
[Fe(OEP)(2-MeHIm)(NO)i(pla) 2.014(8) 1.649(2) 175.6(2) 2.053(2) 1.132(3) —0.02 this work
[Fe(OEP)(2-MeHIm)(NO)i(ruf) 2.003(7) 1.648(2) 177.4(2) 2.032(2) 1.139(2) 0.03 this work
[Fe(OEP)(1-Melm)(NO)} 2.003(5) 1.6465(17) 177.28(17) 1.9889(16) 1.135(2) 0.02 20
[Fe(OEP)(Pz)(NO)i(1) 2.004(5) 1.627(2) 176.9(3) 1.988(2) 1.141(3) 0.01 20
[Fe(OEP)(1z)(NO)T 1.996(4) 1.632(3) 177.6(3) 2.010(3) 1.136(4) 0.04 20
{[Fe(OEP)(NO)}Prz 2+ 1.995(8) 1.632(3) 176.5(3) 2.039(2) 1.131(4) 0.06 20
[Fe(TPP)(HO)(NO)I* 1.999(6) 1.652(5) 174.4(10) 2.001(5) 1.150 NA 30
[Fe(TPP)(HOCsH11)(NO)]* f 2.013(3) 1.776(5) 177.1(7) 2.063(3) 0.925(6) 6.05 31
[Fe(TpivPP)(NQ)(NO)] 1.996(4) 1.671(2) 169.3(2) 1.998(2) 1.144(3) 0.09 9
[Fe(OEP)(NO)Y 1.994(1) 1.644(3) 176.9(3) 1.112(4) 0.29 30
[Fe(OEP)(NO)T 1.994(5) 1.6528(13) 173.19(13) 1.140(2) 0.32 32
[Fe(OEP)(GH4-p-F)(NO)] 2.016(11) 1.728(2) 157.4(2) 2.040(3) 1.153(3) 0.09 7
NP4(l11)-NO 1.99(2) 1.66(1) 156.0(1) 2.013(9) 1.08 ®19 19

aValue in angstroms? Value in degrees: Displacement of the iron from the 24-atom porphyrin plane toward the nitré&jisplacement toward the
2-methylimidazole& Metal is exactly in plane due to required symmetryhis complex displayed extensive disordeDisplacement of the iron atom from
the 4-nitrogen mean plane.

C(m1) nitrosyl stretching frequency appears at 1917 &rfor [Fe-
o121 _7 6117 (OEP)(2-MeHIm)(NO)]CIQ (a single very shgrp stretch).
@y ~~ 47/ ~ 40" Mdéssbauer spectra have also been determined for [Fe(OEP)-

(2-MeHImM)(NO)]CIGy in the solid state at 4.2 K in zero applied

114 124 ' X T .
/ \ & field and at an applied magnetic field 6 T (Figure 6). The
AQP! / quadrupole splitting value of 1.88 mm/s and isomer shift value
_4g —— 8 5 174'60\ 49 of 0.05 mm/s, in zero applied field, are within the range of
\ \9‘9 \ values reported for othgiFeNG ¢ porphyrin complexes with
linear FeNO group% Table 3 summarizes the Msbauer
C(md4) 2 122, 97 o0 6  C(m2
(m4) 122:56) P 2006) m2) parameters for the reportgdeNG 6 and{FeNG 7 porphyrin
/ \ 1t complexes. In an applied magnetic field, the quadrupole splitting
45 8 1, g T 12866) was determined to be positive, and the experimental data are
/ \ 119 / \ well fit assuming a diamagnetic ground state.
4 T, 46 2@ 122 Discussion

—46
/ \0@@ \_1/

24 As described in the Introduction, until very recently all of
the structurally characterized example§BENG ¢ and{ FeNG’
C(m3) porphyrin model complexes fell into two distinct geometrical
("Kjgou)ffc‘ll-o F_‘ﬁfmtal' giagtfsmdf_’f tVI‘e POfPhi”f’]}tO Cohfe of [Fe(ct)ET'?P)(lt'r']V'e'm)' categories with either linear (16480°) or bent (142-150°)
4, llUSTrating the aisplacement of each unique atom rom the mean . .
plane of the 24-atom porphinato core in units of 0.01 A. Positive values of FeNO g_rOUpS’ re_spectlvely. The only SPeC'eS that does not
displacement are toward the NO ligand. Also displayed in the diagram are follow this pattern is the recently characterized [Fe(OEBH(E
the averaged values of each type of bond distance and angle in the corep-F)(NO)],7 with an intermediate FeNO angle (157.4’02ﬂ'he
The orientation of the plane of the imidazole ligand is shown with the stronglyo-donating phenyl group trans to NO is thought to affect
1-methyl ted by the circle. . . .
methyl group represented by fhe circie the electronic structure of iron and lead to the bending of the

plane of the 24-atom porphyrin core in units of 0.01 A are given FeNO group. Thus, the recently published, ultrahigh-resolution

in Figure 4 for [Fe(OETPP)(1-Melm)(NO)] A similar mean- structure of an{FeNG;® heme protein, nitrophorin NP4-NO,

plane diagram for both cations in [Fe(OEP)(2-MeHIm)(NO)] ;[,Cat aﬁgt r(rave%e;lﬁ(\dlva bent Fei\l(gigrﬁﬁprf E rtoth:t %h%iz)lyr)ldin
is given in Figure 5. The iron atom is displaced 0.09 A toward as otinterest. as suggeste s report that the be g

the NO in [Fe(OETPP)(1-Melm)(NOY] The iron-atom dis- of the FeNO group is possibly caused by protein-assisted ruffling

placement is slightly toward the 2-methylimidazole ligand in Ef ”:je. hen]:ehplage’.\lgowever, in the structz)turehof Nr4'NO’ thel
[Fe(OEP)(2-MeHIm)(NO)j(pla) and toward the NO ligand in ending of the Fe group appears to be the only structura

change in the iron coordination geometry upon distortion of
[Fe(OEP)(2-MeHIM)(NO)j(ruf). Averaged values for the o 1ome The FeN(NO) bond length of 1.66(1) A is within

different types of bonds in the porphyrin core are also given in the range found fof FeNG} porphyrin model complexes that

these figures. The dihedral angle between the plane of thehave linear FeNO groups and is not lengthened as might be

imidazole ligand and the closest+M, vector is also illustrated expected. Also, the trans F&l(His59) bond length of 2.01 A

?n Figures 4 and 5, Where the circle represents the methyl group;, NP4-NO is within the range of FeN(azole) bond lengths

in each case. The dihedral angles are 1406 [Fe(OETPP)- found for porphyrin model complexes ([Fe(Porph)(L)(N©)]

(1-Melm)(NO)]", 17.# for [Fe(OEP)(2-MeHIm)(NO)(pla), all with linear FeNO groups. On the basis of the experimental

and 30.2 for [Fe(OEP)(2-MeHIm)(NO)}(ruf). data of porphyrin model complexes, the-Febond length trans
These new FeNQ ¢ species were characterized by infrared to the nitrosyl should be elongated with bending of the FeNO

spectroscopy. The solid-statéNO) frequency for [Fe(OETPP)-  group. These apparent discrepancies between the structural

(1-Melm)(NO)]CIO, appears at 1871 cmh. The solid-state results of NP4-NO and porphyrin model complexes led us to

115
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/ P ;
C(m4) 10 125.5(4) —2_90.0(3) 2 C(m2) &
N
17.4° g
-2 o o 13799 g 12450) &
/ _\ 726.9(4) / \
_ 106.7(2) 4
1\ ”°~2(2)_13 12520 ) 6
-9 / -8 \f-‘ﬁ’e\ \ 12
C(m3)
C(m1) Velocity (mm/sec)
5, 22 24 a8 4
,& \ ~ \12‘V \ Figure 6. (a) Mossbauer spectrum of [Fe(OEP)(2-MeHIm)(NOjaken
N 19 at 4.2 K in zero applied field. The solid line is a fit to the data which yields
3 -16 the following parameters: quadrupole splittingego = 1.88 mm/s, isomer
ol shift dge = 0.05 mm/s, and Lorentzian widtfi(fwhm) = 0.29 mm/s. (b)
2 A0 Mdssbauer spectrum of [Fe(OEP)(2-MeHIm)(NOjaken at 4.2 K in an
42— 0 AN, -18 applied magnetic fieldfo6 T parallel to they-ray beam. The solid line is
\ Q&\ \ a diamagnetic fit to the data which yields the following parameters:
/ v quadrupole splittingAEqg = +1.91 mm/s, isomer shifdge = 0.06 mm/s,
C(m4) — 31 125.0(2) 3 90.0(2) -30 C(m2) and asymmetry parametgr= 0.06.
\ / Table 3. Solid-State Mossbauer Parameters for Nitrosyl
_26 30.2° w _16 124.8(3) Derivatives at Zero Applied Field
/ -8 126 %6 2 \ AEg, mm/s O, mmis T, K ref
\ / 106 {FeNG ¢ complexes
-24 110, ) 83 10 [Fe(OEP)(1z)(NO)ICIQ 199  —0.07 293 32
@ 16 1% 26 1.92 002 42 32
/ ~ 38 gt \ [Fe(OEP)(2-MeHIm)(NO)ICIQ  1.88 0.05 4.2 this work
6 AP 20 [Fe(OEP)(1-Melm)(NO)} 2 1.64 0.02 4.2 50
C(m3) [Fe(OEP)(NO)ICIQ 1.55 0.13 293 32
) . . 1.64 0.20 42 32
Figure 5. Formal diagrams of the porphinato core of [Fe(OEP)(Z-MeHIm)- [Fe(Tp-OCHPP)(NQ)(NO)] 1.43 004 293 9
_(NO)]+(pI_a) (top) and [Fe(OEP)(Z_-MeHIm)(NO“)Iruf) (bottom), illustrat- [Fe(TpivPP)(NQ)(NO)] 1.48 001 293 9
ing the displacement of each unique atom from the mean plane of the 24- 1.43 0.09 42 9
atom porphinato core in units of_0.0l A F’ositive_ values of displacement [Fe(TPP)(NQ)(NO)] 1:37 0:02 293' 9
are toward the NO ligand. Also displayed in the diagrams are the averaged 1.36 0.13 42 9
values of each type of bond distance and angle in the core. The orientation 1.36 013 77 51
of the plane of the imidazole ligand is shown with the 2-methyl group [Fe(OEP)(GH4-p-F)(NO)] 056 005 293 7
represented by the circle. 057 0.14 42 7
synthesize and structurally characterize [Fe(Porph)(L)(NO)] Fe(ToIVPP)(NG)(NO 7{FENQ7010318plexeS 022 200 52
complexes with highly distorted heme cores. The key question [ eéofra'l) JINQNO)I ' ’
is whether substantial core deformations yield electronic or other [re(TpivPP)(NQ)(NO)]- 1.20 0.35 42 52
effects that could lead to FeNO bending. (form 2)
The porphyrin cores of the previously structurally character- [E:((T)PE';)(’;‘\I%)] i-gg 8-22 10‘(‘)-2 gg
ized [Fe(Porph)(L)(NO)j complexes have little to modest [Fe(GEP)YNO)I i :
ruffling in three species; a fourth is slightly saddféd\ diagram a|n dimethylacetamide solution.

illustrating the idealized types of porphyrin core distortions is

given in Figure S2. As noted, all have linear FeNO groups. One sterically crowded porphyrin derivative is octaethyltetraphenyl

of the ways to introduce nonplanar porphyrin core distortions porphyrin with eighi3-pyrrole ethyl substituents and fomese

is to increase the steric requirements of the axial and/or phenyl groups. Metalloderivatives of OETPP have very distorted

equatorial ligands. The atoms of the porphyrin core and the porphyrin cores; all known structures of this dodeca-substituted

metal atom will generally accommodate the steric demands of porphyrin have a porphyrin core that is severely sadéfetf.

the larger ligands.
A commn tacic (o induce porphyrin core distotion is to (59 S0, G The Popryin andoooladn, S,

add bulky substituents at the porphyrin periphery. This tactic 347.

includes the complete substitution of all positions on the (34) Barkigia, K. M.; Fajer, JActa Crystallogr,, Sect. @995 C51, 511.

3
- . X (35) Yamamoto, A.; Satoh, W.; Yamamoto, Y.; Akiba, K.-¥. Chem. Soc.,
porphyrin ring periphery® A common example of such a Chem. Commurl999 147,
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The saddled conformation is observed for four-, five-, and six- not affected by the saddled core. The-f&-0O angle is nearly
coordinate derivatives. linear at 177.0(3) in agreement with all of the other [Fe(Porph)-
Aside from the obvious distortion in the porphyrin core, there (L)(NO)]* complexes where L represents a neutral nitrogen-
are additional practical reasons for choosing OETPP derivativesdonating axial ligand. The axial FéN distance of 1.983 (2) A
to study the effects of deformation of the core on FeNO is also a typical distance for an imidazole ligand trans to NO
geometry. It is known that OETPP derivatives are more easily (see Table 2). Thus, it appears that the strongly deformed
oxidized as compared to tetraphenylporphyrin derivatives. The (saddled) core of [Fe(OETPP)(1-Melm)(NO)oes not influ-
respective reduction potentials are Fe(OETPR}CH0.60 V, ence the coordination group geometry including the FeNO
Fe(OEP)Cl= —0.50 V, and Fe(TPP)CE —0.30 V45 The group. Therefore, this result does not support the idea that core
relative ease of oxidation reflects increased porphyrin basicity deformation will lead to a bent FeNO group. However, the
which should make the OETRFFeNQ} © species less suscep- unusual result of a bent FeNO group in {#eNG 8 nitrophorin
tible to reductive nitrosylation, a common unwanted reaction seen by Roberts et &P that led us to studfFeNG & complexes
in the syntheses of iron(lll) nitrosyl complex&sOther novel with distorted hemes, may be specific to a ruffling of the core,
properties arising from using this congested porphyrin are optical not a saddling distortion.
and excited-state properti&sCheng et al. reported that the We then turned to the approach of using steric crowding by
macrocyclic distortion led to a spin-admix&i= %/, 3/, state a hindered axial imidazole ligand, 2-methylimidazole, trans to
for [Fe(OETPP)CI] rather than the more typical high-spin state, NO, to induce core ruffling. The success of the strategy is shown
although Weiss and co-workers failed to confirm the admixed by the strongly ruffled cores in the iron(lll) species [Fe(TPP)-
state in a polymorphic derivative with a comparable core (2-MeHIm),]*46 and [Fe(TMP)(1,2-Mgm),]* 47 that were
conformatior® Recently, Ohgo et & reported that [Fe-  induced by the presence of the closely approaching 2-methyl
(OETPP)(Pyj]* undergoes a temperature-dependent spin-statesubstituent of the two axial imidazoles. However, there are other
transition, possibly aided by core conformation effects origi- ways, apart from core distortions, to alleviate the close interac-
nating from the use of OETPP. Thus, an [Fe(OETPP)(L)(NO)] tions between axial ligand atoms and porphyrin core atoms.
derivative would appear to be a strong candidate for a speciesThus, a heme core distortion is not observed in [Fe(OEP)(2-
with a unorthodox structure of the FeNO group, if this were to MeHIm),]*.48 Rather, a spin-state change, a different axial
result from core distortion or modulation of electronic structure ligand plane orientation pattern, axial bond elongation, and a
at iron. planar core are observed. Thus, it was not totally surprising to
Fortunately, we were able to obtain X-ray quality crystals of find in crystalline [Fe(OEP)(2-MeHIm)(NO}] that there are
the{FeNQG ¢ complex, [Fe(OETPP)(1-Melm)(NO)] The struc- two independent cations in the unit cell and that each one has
ture of the complex was found to be severely saddled asresponded differently to the presence of the methyl group in
expected. Figure 1 presents an edge-on view that clearly showshe 2-position of the imidazole ligand.
the saddle conformation. Figure 4 presents quantitative informa- In one cation in the asymmetric unit of the cell, the porphyrin
tion on the conformation. The displacements of atoms from the molecule responds to the steric crowding of the 2-methyl group
mean plane of the core, although large, are typical of those Of the imidazole ligand by ruffling the core. We denote this

previously observed for other OETPP derivatives.

The saddled core conformation leads to an averageNge
bond length of 1.990(9) A, which is slightly shorter than those
observed earlier fof FeNG; 6 nitrosyl derivativeg® The core
saddling influences the orientation of the imidazole ligand with

conformer as [Fe(OEP)(2-MeHIm)(NO)fuf). In the other

independent cation of the asymmetric unit, the porphyrin core
is much less distorted as can be seen in the formal diagram
illustrating the out-of-plane displacements for atoms of the two
cations (Figure 5). We denote the second conformer as [Fe-

respect to the porphyrin. The dihedral angle between the (OEP)(2-MeHIm)(NO)T(pla), given its more nearly planar

imidazole plane and the nearest-f¥¢, vector is very small at
14.6. The similarly described dihedral angles of all of the other
[Fe(Porph)(L)(NO)f complexes (L= planar ligand) are greater
than 25.0.20 The Fe-N(NO) bond length of 1.650(2) A is
within the range observed for othgFeNC} 6 complexes and is

(36) Barkigia, K. M.; Berber, M. D.; Fajer, J.; Medforth, C. J.; Renner, M. W_;
Smith, K. M. J. Am. Chem. Sod.99Q 112 8851.

(37) Sparks, L. D.; Medforth, C. J.; Park, M.-S.; Chamberlain, J. R.; Ondrias,
M. R.; Senge, M. O.; Smith, K. M.; Shelnutt, J. 8. Am. Chem. Soc.
1993 115 581.

(38) Barkigia, K. M.; Renner, M. W.; Furenlid, L. R.; Medforth, C. J.; Smith,
K. M.; Fajer, J.J. Am. Chem. S0d.993 115 3627.

(39) Renner, M. W.; Barkigia, K. M.; Melamed, D.; Smith, K. M.; Fajer, J.
Inorg. Chem.1996 35, 5120.

(40) Renner, M. W.; Barkigia, K. M.; Fajer, Jnorg. Chim. Actal997 263
181

(41) Barkigia, K. M.; Renner, M. W.; Fajer, J. Porphyrins Phthalocyanines
2001, 5, 415.

(42) Cheng, R.-J.; Chen, P.-Y.; Gau, P.-R.; Chen, C.-C.; Peng, S.-Mm.
Chem. Soc1997 119, 2563.

(43) Schimemann, V.; Gerdan, M.; Trautwein, A. X.; Haoudi, N.; Mandon, D.;
Fischer, J.; Weiss, R.; Tabard, A.; Guilard,Agew. Chem., Int. EA999
38, 3181.

(44) Ohgo, Y.; Ikeue, T.; Nakamura, Nhorg. Chem.2002 41, 1698.

(45) Kadish, K. M.; Royal, G.; Caemelbecke, E. V.; Gueletti, LThe Porphyrin
Handbook Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic
Press: San Diego, 2000; Vol. 9, pp-219.

conformation, although the ring is clearly not planar.

For [Fe(OEP)(2-MeHIm)(NO}j(pla), the porphyrin ring
accommodates the steric demands of the 2-methylimidazole
ligand by moving the iron atom out of the plane toward the
imidazole ligand by 0.02 A rather than toward the more
dominant nitrosyl ligand as is the case for all of the other [Fe-
(Porph)(L)(NO)I" complexes. In addition, there is batfodest
doming and ruffling of the porphyrin core. Finally, the dihedral
angle between the imidazole ligand plane and the closest Fe
Np vector is only 17.4, as compared to the greater than 25.0
angle for the similarly described dihedral angles of all of the
other [Fe(Porph)(L)(NO)] complexes. The FeN(ax) bond is
tipped slightly off-axis along with the usual unequal-+e
N(6)—C angles of 133.2(2) and 120.80(15prmed with the
imidazole ligand. The larger angle involves the methyl substi-
tuted carbon atom of the imidazole.

(46) Scheidt, W. R.; Kirner, J. F.; Hoard, J. L.; Reed, CJAAm. Chem. Soc.
1987, 109, 1963.

(47) Munro, O. Q.; Marques, H. M.; Debrunner, P. G.; Mohanrao, K.; Scheidt,
W. R.J. Am. Chem. S0d.995 117, 935.

(48) Geiger, D. K.; Lee, Y. J.; Scheidt, W. B. Am. Chem. S0d.984 106,
6339.
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In [Fe(OEP)(2-MeHIm)(NO)j(ruf), the pyrrole rings are
rotated alternately around theFB, bonds; the rotation angles

Table 4. Solid-State Nitrosyl Stretching Frequencies for Several
{FeNO}® Porphyrin Complexes?

between a five-membered pyrrole ring and the mean plane of complex v(NO) cm™!) ~ [IFeNO (deg) ref
the four pyrrole nitrogens in [Fe(OEP)(2-MeHIm)(NO{iuf) [Fe(OEP)(1-Melm)(NO)} 192 177.28(17) 20

are +8.0°, —8.4°, +12.#, and —11.2. In comparison, the  [Fe(OEP)(2-MeHIm)(NO)] 1917 117775ﬁ(22)) this work
rotation angles for the relatively planar [Fe(OEP)(Z-MeHIm)- [Fe(OEP)(4-CNPy)(NO)] 1916 : 20
(NO)J*(pla) are all less thae:5°. The ruffled core in [Fe(OEP)- [Fe(OEP)(1z)(NO)T 1914 177.6(3) 20
(2-MeHIm)(NO)I*(ruf) allows for the shorter average +Bbl, [Fe(OEP)(PMS)(NO)] 1913 20

bond length of 2.003(7) A as compared to 2.014(8) A in [Fe- {Eggggigg’r';")?ﬁgﬁ('\‘oﬂ gﬁ gg
(OEP)(2-MeHIm)(NO)t(pla). The iron in this cation is dis- [Fe(OEP)(P2)(NO)i(2) 1909 20
placed toward the nitrosyl group by 0.03 A as is expected for {[Fe(OEP)(NO)Prz2* 1899 176.5(3) 20

the more dominant ligand. The ruffled core also allows the Fe [EG(SEE)(EZ&(’\:OW&% iggg 176.9(3) 2200
N(imidazole) bond length to be shorter at 2.032(2) A as [Fe(OEP)(1-MeIm)(NO)} _
compared to 2.053(2) A for [Fe(OEP)(2-MeHIm)(NO{pla). [Fe(OETPP)(1-Melm)(NO)] 1871 177.0Q3)  this work
Both axial Fe-N(imidazole) distances are slightly longer than [Ee(OEE)(“O)T 1186? 11776-91(3)l 302
those found for the unhindered imidazole (by 6-®07 A) as [Fe(OEP)NO)T 838 3.19(13) 3

a result of the 2-methyl group (Table 2). Most importantly, ~[FE(OEP)(@Hsp-F)(NO)] 1791 15742 7
however, the rufflingloes noaffect the Fe-N(NO) bond length {Egggg;’(ggy&)&lﬁ)l 119%5;5» 11764?2?((123) 3?0

or the_F&!\l—_O angle. The FeN(NO) bond I_ength of 1.648- [Fe(TPP)(HORCsH11)(NO)J* 1935 177:1(7) 31

(2) A is within the range seen for the previously structurally [Fe(OEP)(NO) 1666 144.402) 4
characterized FeNG ¢ species, and the F&N—O angle is [Fe(OEP)(NO)] 1673 142:74(8) 4

nearly linear, as expected, at 177.4(2)lore convincingly,
because [Fe(OEP)(2-MeHIm)(NO)fuf) possesses the same

degree of ruffling as the heme core in the nitrophorin NP4-NO M-

aNujol mull. ® €Two crystalline modifications? KBr pellet. ¢ Monoclinic

fTriclinic form.

(the comparative rotation angles between the five-membered
pyrrole ring and the mean plane of the four pyrrole nitrogens
in NP4-NO aret+8.5°, —8.8°, +11.0°, and—11.819), we believe
that we have characterized a very close model to the heme in
NP4-NO and have found id for bendi f the FeNO . . o .

and have found no evidence forbending ot the re porphyrin species with linear FeNO geometries have NO

group. stretching frequencies above 1838 @min contrast, the two

. The structural results thus show that neither of the two very crystalline forms of thé FeNG 7 species, [Fe(OEP)(NO)], have
different nonplanar core conformations has an effect on the Fe FeNO angles of-14%, and the NO stretches are below 1700

N—O group geometry. We have also investigated whether thesecmfl_ The species, [Fe(OEP)B4-p-F)(NO)], has an interme-

core distortions might have more subtle effects on the iron diate FeNO angle of 157.4@pand an intermediate(NO) at
electronic structure observable by spectroscopic techniques.1791 cnt. The solid-state/(NO) for [Fe(OEP)(2-MeHIm)-
Therefore, we have measured all spectroscopic data that can b?NO)]CIOA, appears at 1917 crh (as a single very sharp stretch).
obtained from these diamagnetic complexes to ascertain Whethelcl-hiS is at the high end of the range of th&\O) frequencies
any effect can be seen. Because t,h's apprqach depends Ofpr previously reported [Fe(OEP)(L)(NO)]species where L
observing d_n‘ferences m_spectroscoplc properties, the_comparl-neloresents a neutral nitrogen-donating axial lig&Bhus, the
sons f(_)llowmg emphasize the more commonly studied OEP | o0 of the nitrosyl stretching frequency for [Fe(OEP)(2-
derivatives. MeHIm)(NO)]CIO, is unaffected by core conformation and is
First, the electronic spectrum of [Fe(OEP)(2-MeHIm)(NO)]  also consistent with the observed linearfe-O group. Similar
in CHCl, has a Soret band at 414 nm that is red-shifted as conclusions appear reasonable for the [Fe(OETPP)(1-Melm)-
compared to other iron(lll)(octaethylporphyrin) species and also (NO)]* derivative as well. The work presented here makes it
shifted relative to th¢ FeNG} ” species [Fe(OEP)(NO)]. Inthe  reasonable to suggest that the nitrosyl stretching frequency
visible region, the bands at 529 and 561 nm are distinctively should be a good reporter of FeNO geometry, irrespective of
sharp in contrast to the usual broadeneahdf bands of other  core conformation. The one nitrosyl stretching frequency
porphyrin complexes. These features are very similar to the reported for a nitrophorin derivative is that for the isoform NP1-
characteristicUV —vis spectra of previously characterized [Fe- NO#?at 1917 cm. This is quite consistent with a linear nitrosyl
(OEP)(L)(NO)]" complexes, all of which, in the solid state, are  group; an anomalous value for NP4-NO should be seen if a
known to have linear FeNO grou@sln addition, although there  pent FeNO group exists in the NP4-NO structure.
are not many OETPP species with which to compare, the Soret  Finally, 5Fe Massbauer spectroscopy is also very sensitive
band of [Fe(OETPP)(1-Melm)(NO)]s also strongly red-shifted  to the electronic environment at iron which again must be
at 464 nm in CHCI; as compared to the Soret of [Fe(OETPP)- reflected in the coordination group geometry. ddbauer data
Cl] at 396 nm and the Soret of [Fe(OETPP)(Og)Cat 437 were collected for [Fe(OEP)(2-MeHIm)(NG)both at zero field
nm. and at an applig 6 T magnetic field at 4.2 K. The spectra are
Second, these new nitrosyl species with distorted hemes werelllustrated in Figure 6. The spectrum obtained in zero field is a
also investigated by infrared spectroscopy. Nitrosyliron por-
phyrinate complexes exhibit very strong NO stretches in the (49) Ding, X, D, Weichsel, A: Andersen, J. £ Shokhireva, T. Kh.; Balfour,
infrared, and the value of the NO stretch can be diagnostic of h c1999 8. T L

the degree of FeNO bending. Table 4 gives nitrosyl stretching
frequencies and FeNO bond angles for the structurally charac-
terized{FeNG ¢ and{FeNG 7 octaethylporphyrin complexes

along with a few related species. We can see that all of the

Chem. Soc1999 121, 128.
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single quadrupole doublet with a quadrupole splitting constant
of 1.88 mm/s. In addition, the Lorentzian line widths are as
narrow as any priof FeNG © derivative. We conclude that the

the characteristically small isomer shifts found for [Fe(Por-
ph)(L)(NO)]* species. Thus, the Msbauer data for [Fe(OEP)-
(2-MeHIm)(NO)I* agree with the other spectroscopic results

Maossbauer data are consistent only with a single electronic stateand the structural observation of a linear FeNO group.

that is, both conformers of [Fe(OEP)(2-MeHIm)(NO)have

the same isomer shift and quadrupole splitting parameters within

the line width of 0.29 mm/s. The spectrum obtainadcai6 T
field is well fit by a diamagnetic ground state using the
parameters given in the figure caption.

Table 3 lists the Mesbauer paramet&fs®3 for several iron-
(nitrosyl) porphyrin complexes. We see from this table that all
of the{ FeNG ® complexes have characteristically small isomer
shift values. In particular, the six-coordingtéeNG ¢ complexes
have isomer shifts less than 0.13 mm/s at 4.2 K. The isomer
shifts for the{FeNG” species are significantly larger. The
quadrupole splitting parameters for thEeNG ¢ species with
linear FeNO groups are all greater thar1.3 mm/s. In [Fe-
(OEP)(GHa-p-F)(NO)], which is an{ FeNG}  complex with a
bent FeNO group, the quadrupole splitting is unusually small.
This indicates a very different electronic structure at iron from
other [Fe(Porph)(L)(NO)] complexes where L is a nitrogen-
donating axial ligand. The 1.88 mm/s quadrupole splitting at
4.2 K for [Fe(OEP)(2-MeHIm)(NOY)j is very similar to the
quadrupole splitting for the most closely related solid-state
species, [Fe(OEP)(Iz)(NO)]Clpat 1.92 mm/s. The isomer shift
for [Fe(OEP)(2-MeHIm)(NO)f at 0.05 mm/s is also similar to

(50) Schuwemann, V.; Benda, R.; Trautwein, A. X.; Walker, F.18t. J. Chem.
200Q 40, 9.

(51) Settin, M. F.; Fanning, J. @norg. Chem.1988 27, 1431.

(52) Nasri, H.; Ellison, M. K.; Chen, S.; Huynh, B. H.; Scheidt, W.RAm.
Chem. Soc1997 119, 6274.

(53) Bohle, D. S.; Debrunner, P.; Fitzgerald, J.; Hansert, B.; Hung, C.-H.;
Thompson, A. JJ. Chem. Soc., Chem. Commu®97, 91.

Summary

Distortions of the porphyrin core that are comparable or
greater than those found in the heme of NP4-NO, which are
imposed on ferric porphyrin nitrosyl complexes by sterically
demanding equatorial or axial ligands in [Fe(OETPP)(1-Melm)-
(NO)]* and [Fe(OEP)(2-MeHIm)(NO}], do not lead to bending
of the FeNO group. A normal iron coordination geometry is
observed. In addition, the solid-state”d&tbauer parameters,
nitrosyl stretching frequencies, and electronic spectra of these
cations are consistent with other [Fe(Porph)(L)(NOom-
plexes which have relatively planar hemes and linear FeNO
groups.
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Supporting Information Available: Tables S1+S12, giving
complete crystallographic details, atomic coordinates, bond
distances and angles, anisotropic temperature factors, and fixed
hydrogen atom positions for [Fe(OETPP)(1-Melm)(NO)]-
ClO4CgHsCl and [Fe(OEP)(2-MeHIm)(NO)]CI®0.5CH,Cls.

An ORTEP diagram illustrating the arrangement of the mol-
ecules in the unit cell of [Fe(OEP)(2-MeHIm)(NO)]CH0.5CH-

Cl, (Figure S1) and a schematic depiction of porphyrin core
distortions (Figure S2) (PDF). An X-ray crystallographic file,

in CIF format, is available. This material is available free of
charge via the Internet at http://pubs.acs.org.
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