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Metalloporphyrins with X[N,O,]™ Ligands. Novel High-Spin
(N-Phenyl-N-nitrosohydroxylaminato)(meso-tetraarylporphyrinato)iron(III)
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Nitric oxide (NO) is an important bioregulatory agent,' and
structural studies of the interactions of hemes and heme models
with NO have played a major role in elucidating the mechanism
of activation of the NO-receptor enzyme guanylate cyclase.”
Emphasis has also been placed on various NO carriers and how
such entities function to release NO. Excellent work by Keefer
and co-workers has shown that the Drago R;N[N2O,]™ anions
(“NONOates”) are smooth nonenzymatic releasers of nitric
oxide in physiological media.* NONOates dilate blood vessels
in rabbit aorta, show cytostatic activity in human cancer cells
in culture, and have a potential for genotoxic action.® The
structurally related cupferron, Ph{N,O;]NH., is a common
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analytical reagent* and has also been shown to be carcinogenic
in Fisher 344 rats and B6C3F1 mice, causing incidences of
circulatory hemangiosarcomas.>® We have been interested in
the perhaps remote possibility that heme may play a role in the
binding and activation of such X[N20:]™ groups (X = R;N,
Ph; R = alkyl). Despite the keen interest in the biological
activity of such groups, there were no reports on how they could
bind (unidentate or bidentate) to the iron centers in hemes or
heme models prior to this study. We now report our successful
synthesis and crystallographic characterization of the first
thermally stable metalloporphyrin complexes containing the
X[N20:]~ functional group.

To a stirred CH>Cl, (40 mL) solution of (TPP)FeCl (0.500
g, 0.710 mmol)” under an atmosphere of nitrogen was added
AgON(Ph)NO8 (0.162 g, 0.710 mmol). The solution was stirred
for 10 min, and the red product mixture was filtered to remove
precipitated AgCl. The volume of the filtrate was reduced in
vacuo to ca. 20 mL; then hexane (10 mL) added, and the mixture
was kept at —20 °C overnight. - The resulting solid was collected
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by filtration and dried in vacuo to give (TPP)Fe(77>-ON(Ph)-
NO)+0.1CHxCl, (1-0.1CH,Clp; 0.428 g, 0.526 mmol, 74% yield)
as analytically pure dark purple crystals.” The observed
magnetic moment of 5.84 ug indicates a formal high-spin Fe-
(IIT) center for this complex in benzene solution. The methoxy
derivative (T(p-OCH3)PP)Fe(772-ON(Ph)NO) (2) was obtained
similarly in 65% yield.?®10

In order to unambiguously determine the mode of linkage of
the cupferron ligand toward the iron centers in these compounds,
we subjected crystals to single-crystal X-ray crystallographic
analyses.!'! The molecular structure of 2 is shown in Figure 1.
The most chemically interesting feature of the structure is that
the cupferron ligand is bound to the formally six-coordinate
Fe(III) center in a bidentate g-O fashion with an O—Fe—0 bite
angle of 71.52(9)° and with the Fe atom apically displaced 0.69
A out of the plane of the 24-atom porphyrin ring (0.64 A out
of the plane of the porphyrin nitrogens). To the best of our
knowledge, this is the largest mean displacement of an Fe atom
from a porphyrin ring.!>'3 In the related structure of the
bidentate nitrato complex (TPP)Fe(°-O;NO) the Fe is drawn
0.60 A out of the plane of the porphyrin ring (and 0.53 A out
of the plane of the four nitrogens of the porphyrin; O—Fe—0O
bite angle of 51.6(2)°).!"% The average Fe—O distance in the
cupferron complex 2 is 2.068(3) A. The cupferron N1—N2
bond length of 1.276(4) A is shorter than that of a N—N single
bond (1.45 A) and is closer to that of a N=N double bond (1.25
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Figure 1. Two views of the molecular structure of (T(p-OCH3)PP)-
Fe(7>-ON(Ph)NO) (2): (a) along the porphyrin plane; (b) perpendicular
to the porphyrin plane (the anisole groups on the porphyrin are omitted).
Hydrogen atoms have been omitted for clarity. The highly disordered
solvent molecule is not shown. Selected bond distances (A) and angles
(deg): Fel—Ol = 2.044(3), Fe1—02 = 2.091(2), Fel—N3 = 2.100-
(3), Fel—N4 = 2.113(3), Fe1—N5 = 2.089(3), Fel1 —N6 = 2.124(3),
O1—-N1 = 1.309(4), 02—N2 = 1.296(4), N1—N2 = 1.276(4); O1—
Fel—02 = 71.52(9), N5—Fel—-02 = 87.07(11), O1—Fel—N3 =
84.52(11), N5—Fel—N3 = 146.07(11), N5—Fel—N4 = 85.85(11),
02—-Fel—N4 = 79.82(10), N3—Fel—N4 = 83.72(11), N1-0O1-Fel
= 116.1(2), N2—02—Fel = 119.7(2), N2—N1-01 = 120.6(3), N1—
N2-02 = 111.5(3).

A).'5 Furthermore, the average N—O bond length of 1.302(4)
A is between that of a single bond (1.40 A) and double bond
(1.21 A).'5 These structural features suggest significant electron
delocalization along the ON(Ph)NO moiety, a feature that is
not uncommon for such groups.® The plane defined by the
cupferron OIN1IN202 atoms forms an angle of 83(1)° with the
plane of the porphyrin nitrogens, and the cupferron phenyl group
essentially eclipses a meso-carbon of the porphyrin ring (Figure
1b). The average Fe—N(porphyrin) bond length of 2.106(3) A
is indicative of a formal high-spin Fe(III) formulation for the
complex in the solid state.'?"

Interestingly, protonation of 1 by 1 equiv of triflic acid yields
the known nitrosyl derivative (TPP)Fe(NO).!6~18 Several related
points need to be mentioned. Scheidt and Wayland have
employed some X{N»O:]~ groups (X = R;N) as active
nitrosylating agents for the synthesis of nitrosyl metallopor-
phyrins, although no intermediate adducts of the form (por-
phyrin)M(X[N,02]) were isolated.'® Keefer and co-workers
have studied the coordination chemistry of the EtoN[N2O2]~
anion with different metal centers, in particular with copper.!®
Coordination of this anion to the metal centers prolonged its
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lifetime in nonaqueous solution and resulted in varied extents
of NO release per mole of metal complex. The copper
complexes also exhibit vasorelaxant properties in vitro with
isolated rabbit aorta.'” Given the structural similarity of the
NONOates and cupferron, the isolation and characterization of
1 and 2 thus suggest that such metalloporphyrin complexes with
X[N,0,]~ ligands may indeed be more accessible than previ-
ously thought.?0

In summary, 1 and 2 are the first X[N>O;]~ complexes of
heme models to be reported. Mechanistic studies of protonation,
and reactions designed for the activation of the bound cupferron
ligands and related groups, are currently in progress. Impor-
tantly, the application of cupferron protonation for the synthesis
of previously unknown metal nitrosyls is also being attempted.
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However, reaction of (porphyrin)Fe(R) complexes with NO gas
generates the six-coordinate (porphyrin)Fe(NO)R and/or the five-
coordinate (porphyrin)Fe(NO).?}
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