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Binding of NO by nontransition metal complexes
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The first example of nitric oxide fixation by nontransition metal complexes was found: lead(Il) and zinc(II) catecholato complexes
readily react with nitric oxide to give the corresponding nitrosyl-containing mono-o-semiquinonates; the process of binding and

transfer of NO can be easily monitored by EPR spectroscopy.

The importance of chemical and biochemical processes with
nitrogen(1l) oxide' has stimulated the studies of NO reactivity
towards transition metal complexes and organic substrates.*©
However, the reactivity of nontransition metal complexes in rela-
tion to nitrogen(1l) oxide has not been reported.

The metal complexes containing redox-active o-quinone and
related ligands are the promising objects in terms of fundamental
and applied sciences.” These compounds reveal exceptional pro-
perties caused by the ability of redox-active ligands to reversible
oxidation and reduction in a metal coordination sphere.”8 The
combination of redox-active ligand and nontransition metal in
a molecule allows one to model chemical behaviour of transi-
tion metal complexes.>”'! For example, antimony(V) o-amido-
phenolates and catecholates were found to bind and release mole-
cular oxygen under mild conditions,” gallium complex of chelating
diamide ligand is able to add reversibly alkynes.!? In general, such
reactivity is due to the redox activity of ligand rather than metal.

Here, we describe the spectroscopic studies of the reactions of
lead(11) and zinc(1I) catecholates with nitrogen(ll) oxide yielding
the corresponding nitrosyl complexes.

Nontransition metal catecholato complexes are successfully
used as spin traps for various paramagnetic species,'? however,
interactions of these complexes (and in general, nontransition
metal complexes) with nitric oxide (NO), which is a radical
species in the ground state, are unfairly less studied although
analogous interactions are well known in the case of transition
metal complexes.*> We have found that Pb" and Zn" catecholates
1 and 2 react easily with NO in THF solutions to produce para-
magnetic species 3 and 4, respectively (Scheme 1).

The EPR spectral data on complexes 3 and 4 are collected in
Table S1 of Online Supplementary Materials. The observed EPR
spectra of complexes 3 and 4 are typical of mono-o-semiquinonato
species of these metals.!3 Thus, upon the addition of NO, the
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Scheme 1 Reactions of 1 and 2 with NO.
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catecholato ligand undergoes one-electron oxidation to the cor-
responding o-semiquinonato species, while NO receives one
electron and forms an anionic nitrosyl ligand (Scheme 1).

The hyperfine structure in the EPR spectra of 3, 4 is caused
by the hyperfine coupling (HFC) of unpaired electron with two
aromatic protons in the 4- and 5-positions of o-semiquinonato
ligand and satellite splitting on magnetic lead (**’Pb, I = 1/2,
22.1%'*) for 3 (Figure S1) or zinc isotopes (%’Zn, I = 5/2, 4.1%)
for 4 (Figure S2). The relatively wide line in the EPR spectrum
of lead complex 3 (AH ~ 1 G) at room temperature even at low
concentration of complex suggests supplemental splitting with
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Figure 1 (a) Experimental X-band EPR spectrum of 3 (THF, 205 K);
(b) the main component of (/) experimental spectrum and (2) its computer
simulation (WinEPR SimFonia 1.25); (¢) the 2" derivative of the main
component of EPR signal.
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a small HFC constant. Lowering the temperature allows us to
resolve the EPR spectrum of 3: one can observe hyperfine struc-
ture on nitrogen isotope of NO ligand ("N, I = 1, 99.636%'%)
with a value of 0.27 G (Figure 1, Table S1).

It is well known that HFC constants with magnetic nuclei
(phosphorus, nitrogen, halogens, efc.) of additional ligands in
o-semiquinonato complexes are sensitive to the coordination
geometry and the relative position of semiquinonato and addi-
tional ligands: HFC constant on nucleus for ligand in an apical
position is usually one order of magnitude higher than the HFC
constant for ligand in a plane of SQ radical-anion.!> Moreover,
in the latter case, HFC may not be occasionally observed. The
observation of HFC on the nitrogen atom of NO ligand can be
explained on the basis of a distorted trigonal pyramidal structure
of generated complex 3 (Scheme 2).'3")©.15 In this case, HFC
with the N isotope is observed due to the interaction of MO of
nitrosyl ligand with n-MO of o-semiquinonato ligand containing
an unpaired electron.

e)

Scheme 2 Distorted trigonal pyramidal structure of 3.

A different situation takes place in the case of zinc complex 4.
The EPR line width is low and the EPR spectrum of 4 does not
contain HFC on the nitrogen atom of NO ligand as the con-
sequence of trigonal bipyramidal geometry, where NO™ lies in
the plane of paramagnetic SQ ligand and makes a low contribu-
tion in 1-MO of unpaired electron.

The interaction of complexes 1, 2 with NO proceeds with a
colour change from pale yellow to deep green for lead complex 1
and from nearly colourless to deep blue-violet for zinc complex 2.
The UV-VIS spectra of complexes 1-4 are shown in Figure S3.
In both cases, the addition of NO leads to the appearance of intense
absorptions at 400, 409 nm typical of complexes with anion-
radical o-semiquinonato ligand. Complex 4 can be isolated from a
THF-acetonitrile mixture at a low temperature (=30 °C) as dark
blue-violet powder, which demonstrates the band at 1392 ¢cm™!
which can be attributed to stretching vibrations of the coordinated
NO~ group. This band is absent in initial catecholato zinc(1I)
complex 2 or in zinc(Il) bis-o-semiquinolate as a product of dis-
proportionation of complex 4 (see below). Solid product 4 cannot
be stored for a long time even under air- and water-free conditions.

Complexes 3, 4 are stable in THF solution, while the change
of THF with toluene or hexane results in the disproportiona-
tion of 3, 4 to the corresponding diradical bis-o-semiquinonato
species of (3,6-SQ),M type and elimination of NO (Scheme 3).
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Scheme 3 Elimination of NO by complexes 3 and 4.

Bu'
(@)
& \CO/NO
AN
O/ NO
Bu' .
1 I n 1 n
3420 3440 3460
(3.6-5Q):Co HIG
Bu' Bu' Bu'
THF THF
0\ * O\ + /
2 (© Zn—NO —> 2NO + Zn+ Gz
0/ A toluene O/ * \O
Bu' Bu! Bu'
(3,6-Cat)Ni(dppe)
Bu'
N o~ PPh,
Bu' Ph/ Fh

1 1 1
3420 3440 3460
HIG

Figure 2 Monitoring of NO elimination by (3,6-SQ)Zn(NO)-2THF 4 in
toluene solution.

In this case, the disappearance of signals from 3, 4 in EPR spectra
is accompanied by the appearance of broad signals of diradical
species (Figure S4).

The disproportionation of 3, 4 in nonpolar solvents and the
elimination of NO was monitored by EPR using NO traps on
the basis of transition metal o-quinonato complexes. Tris(3,6-di-
tert-butylsemiquinonato)cobalt(1ll), (3,6-SQ);Co, and (1,2-bis-
diphenylphosphinoethane)(3,6-di-zert-butylcatecholato)nickel(II),
(3,6-Cat)Ni-(dppe) react easily with gaseous NO with the formation
of the stable paramagnetic nitrosyl derivatives (3,6-SQ)Co(NO),'°
and (3,6-SQ)Ni(NO)(dppe),'” respectively, possessing charac-
teristic EPR spectra. These complexes were applied as traps of
NO eliminated after dissolving and storage of 3, 4 in toluene.
Nitric oxide elimination by complex 4 and fixation processes are
well illustrated in Figure 2. The formation of cobalt and nickel
nitrosyls verifies the elimination of NO by complexes 3 and 4
in nonpolar solvents.

In summary, the 3,6-di-tert-butylcatecholato complexes of
lead(11) and zinc(II) demonstrate the first example of nitrogen(1I)
oxide fixation by nontransition metal complexes. Such unique
reactivity typical of transition metal complexes is achieved due to
the presence of aredox-active ligand. The presence of a paramagnetic
radical-anion in the coordination sphere of generated complexes
makes it possible to effectively monitor NO addition using EPR
spectroscopy.
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Online Supplementary Materials

Supplementary data (experimental procedures, experiments
on NO binding, Table S1, Figures S1-S4 containing EPR and
UV-VIS data) associated with this article can be found in the
online version at doi:10.1016/j.mencom.2012.06.013.
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