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The discovery that nitric oxide (NO) plays key roles in
mammalian biochemistry has spurred significant recent work
aimed at elucidating the bioinorganic chemistry of NO. The

diatomic radical has been shown to be responsible for numerousprhsP

physiological functions, and it is particularly important as a cell-
signaling agent, which includes its role as the endothelium-
derived relaxing factor (EDRF) responsible for triggering smooth
muscle relaxation. In this sense, NO functions as a vasodilator,
helping to lower blood pressure; in the stomach, it promotes
the relaxation component of peristalsis; and it is the neurotrans-
mitter in males responsible for translating sexual excitement
into tumescence. It has been suggested that the "1redox
relatives of NO, the nitrosonium cation (N{) and the nitroside
anion (NO) as well as the conjugate acid of NOnitroxyl
(HN=0), may be responsible for certain aspects of the rich
biological chemistry of nitric oxidé2P In addition to its
biological relevance, HRO has been postulated as an inter-
mediate in photochemical and free-radical reactforsd its
formation and decomposition may play a role in mechanisms
for the combustion of nitrogen-containing fuels and the oxidation
of atmospheric nitrogeh.

Nitroxyl is a reactive molecule that was first proposed in 1903
as an intermediate in the decomposition of sodium trioxodini-
trate(ll) (NaN2Os) in agueous medi&. The first reports of direct
spectroscopic observation of HMD appeared in 1958 from gas-
phase work by Dalbyand, independently, from argon-matrix-
isolation experiments (by the photolysis of methyl nitrite) by
PimenteP However, despite its very simple constitution and
structure, a facile synthesis for this triatomic molecule remains
elusive. While HN=O is thought to readily decompose in a
bimolecular fashion to give )0 (eq 1)¢ its stability, like that
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of the isoelectronic 1,2-diazene (NHNH),”~° can be greatly
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enhanced by coordination to a transition metal. There are a
few reported examples of nitroxyl complex€s; most notably
Roper’'s OsCJ(CO)(NH=O)(PPh),, produced by reaction of
OsCI(CO)(NO)(PP¥), with anhydrous HCH:

Our group has been actively involved in synthetic and
reactivity studies of cationic complexes of 1,2-diazene %n d
transition-metal systems (W, Re, Ru, 3s). We have shown
NH=NH can indeed be stabilized by complexation and,
furthermore, that these complexes can serve as clean sources
of the free NH=NH molecule (as illustrated for W in eq 2).
Since HN=O is isoelectronic with diazene, we have explored
the use of a similar synthetic approach for the preparation of
stable coordination complexes of nitroxyl, with an eye on
ultimately using such complexes as FH® synthons.
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Of the W, Re, Ru, and Os series of cationi€, diazene
complexes, the Re derivativenpr,transRe(CO}(NH=NH)-
(PPh),M[SOsCR:] is by far the most thermally robu8tso
our initial synthetic efforts have concentrated on preparing an
HN=O0 analogue of this compound. Herein we report the first
synthesis of a nitroxyl complex prepared by the selective
oxidation of coordinated hydroxylamine. The Re(l) hydride
mer,transReH(CO}(PPh), reacts with trifluoromethanesulfonic
acid to give dihydrogen anaber,transRe(-OSG,CFR3)(CO)-
(PPh), (1);2 alternatively,1 can be synthesized in good yield
by the reaction ofmer,transReCI(CO}(PPh),12 with silver
triflate, with silver chloride being the byproduct. The weakly-
bound triflato ligand ofl is displaced by hydroxylamine to give
the cationic rheniumhydroxylamine complexrer,transRe-
(COX(NH,0OH)(PPR),T|[SOsCF;7] (2) as an analytically pure
white crystalline compound in 85% yield (Scheme 1). Complex
2 was characterized by standard spectroscopic method3HIR;
and3!P NMR), elemental analysis, and a single-crystal X-ray
diffraction study314 ThelH NMR spectrum (CBCl,, 20 °C)
of 2 exhibits resonances for the hydroxylamine ligand #&t67
(br s, Re-NH,0H) andé 5.62 (t, ReNH,OH, 3Jpy = 3.8 Hz),
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Figure 1. A perspective view of the molecular structure2ahowing
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spectrum (CRCl, solution, 20°C) of 3 shows a diagnostic
singlet for the HN=O proton até 21.7, an extraordinary
downfield shift for a diamagnetic molecule. The isotopically
labeled complexrher,transRe(CO}(:3NH=0)(PPh),"][SOs-
CR] (3-*N) was prepared analogously froda'>N and Pb-
(OAc), and showed™Jyu| = 72.5 Hz, as expected for a proton
attached to an 3ghybridized nitrogen coordinated to a transition
metal?1819 (This 1Jyy also confirms that the H&O ligand is
N-bound; if it were coordinated to Re through oxygen, the
nitrogen atom would possess an uncomplexed lone pair and the
magnitude of|*Jyn| would be substantially reduced te45
Hz.1829 These values are nearly identical with those found
for the nitroxyl proton resonance igis,transOsCh(CO)-
(B3NH=0)(PPh)2 (6 21.2,'Jxy = 75 Hz) P and similar to those
observed for thex-diazenyl proton resonances in relatgt
NH=NH complexes® The infrared spectrum & exhibits a
medium-intensityy(NO) at 1391 cm?® and a weakv/(NH) at

the atom-labeling scheme. Selected metrical parameters are given in3056 cnt?, values that are in the range found in other

the text.
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and in the labeled isotopomengr,transRe(CO}(**NH,OH)-
(PPh),T[SOsCR:7] (2-1°N), the NH; resonance exhibits|&yy|
= 73.2 Hz.

The molecular structure & determined by X-ray diffraction
analysis, is shown in Figure 1. The complex cation has
pseudooctahedral geometry with meridional carbonyl ligands,
trans triphenylphosphine ligands, and a monohapto, N-bound

hydroxylamine ligand whose hydrogen atoms were located and
refined and were found to be hydrogen bonded to the oxygen

atoms of the triflate counterion (GE0,0---H—X contacts in

2 are ~3.4 A, X = N, 0). Significant ion-pairing is also
reflected in the high solubility o in relatively nonpolar
solvents like benzene. The-ND bond length (1.422(5) A) in
2 is similar to that found in [Ni(NHOH)s2"[SO42"] (mean
distance 1.44 /3})5 and is shorter than that found for NGIH in
the gas phase (1.453 Ay. The Re-N bond length (2.222(4)
A) is reasonable for a ReN(sp) dative bond, and the Re
N—O angle (116.4(3) is opened somewhat from the ideal
tetrahedral value.

Lead tetraacetate reacts within CH,Cl, solution at low
temperature {78 °C) to effect selective oxidation of the
coordinated hydroxylamine ligand, formingnér,transRe(CO}-
(NH=0)(PPh),"[SOsCF;] (3), which was isolated as an
analytically pure compound in good yield (Schemé)The
reaction appears to be specific for Pb(OAyith attempts to
carry out oxidation of the hydroxylamine ligand with other
oxidants like MnQ or HgO being unsuccessful. Thd NMR
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nitroxyl1®11 and nitrosoalkarfé complexes. These vibrations
are significantly perturbed in the coordination complexes as
compared to the analogous modes in free=H which exhibits
»(NO) at 1563 cm! and »(NH) at 2717 cm?! in an argon
matrix 22 indicative of weaker N-O and stronger NH bonds
for coordinated HR=O with respect to the free species.
Preliminary studies indicate that cationi& nitroxyl com-
plexes like3 might indeed serve as viable precursors to free
HN=0. While 3 is stable in the solid state under an inert
atmosphere and in solution for extended periods at low
temperatures (CyCl,, —78 °C), it is unstable in solution at
ambient temperature, slowly undergoing a clean thermal de-
composition to give the triflato complex Moreover, addition
of tetrabutylammonium bromide to methylene chloride solutions
of 3results in clean formation gher,transReBr(CO}(PPh)..
Unfortunately, under these conditions we have not been able
to trace the fate of the displaced HO ligand. We are
currently exploring the scope of this chemistry in an effort to
access a system in which MO displacement can be carried
out at substantially lower temperatures which might allow for
a study of its solution reactivity (cf., bromide reacts withs|-
transMo(NH=NPh)(CO}(NO)(PPh),"] at —40 °C with rapid,
guantitative displacement of N+=NPh)23
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