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a b s t r a c t

The reduction of trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ ion was investigated in aqueous medium. Due to the
phosphite ligand trans-effect and trans-influence, this complex selectively releases NO or HNO after
one or two electrons reduction centered at the nitrosonium ligand (NO+). These reactions were carried
out through electrochemical reduction and using Eu2+ and zinc amalgam, and the products were identi-
fied using electrochemical and spectroscopic techniques. Only the reduction of the nitrosonium ligand to
nitric oxide is observed when europium is used as reductant. When the reaction is carried out with
Zn(Hg), nitric oxide formation was not observed and N2O, an indirect marker of HNO, is detected in
solution.

� 2012 Elsevier B.V. All rights reserved.
1. Introduction

Nitroxyl (HNO) is a highly reactive species that is attracting cur-
rent attention due to its relationship to the sibling nitric oxide mol-
ecule (NO), regarding to its chemical properties and biological
behavior [1–3]. The nitrosonium cation (NO+) and nitroxyl (HNO)
have been suggested to be responsible for some functions ascribed
to nitric oxide, such as vasodilatation and cytotoxicity [4,5]. Earlier
studies suggest that HNO is an intermediate form of endothelium-
derived relaxing factor, which led to the consideration of HNO as an
alternative signaling agent to NO [6]. The difference between the
physiological functions and cytotoxicities of NO and HNO was pro-
posed to be mainly due to their reactivities toward proteins and en-
zymes containing iron center and thiols [3,7]. The Angeli’s salt’s
(Na2N2O3) cytotoxicity was attributed to the chemical depletion
of cellular glutathione (GSH) thus suggesting that HNO can affect
the cysteine protease’s activity by direct interaction with GSH [5].

Compounds that are able to release NO and HNO on a controlled
way are desirable to modulate the local concentration of NO and
HNO in the organism [3,8–12]. Among the series of NO donors, organ-
ic compounds, metal–NO complexes, nitrosothiols and enzyme-acti-
vated NO donors have received attention [8–10]. Unlike NO-donors,
HNO donors has a restrict number of examples [3,11,12]. Among then,
ll rights reserved.
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Angeli’s salt, Pilotys’ salt, cyanamide, isopropylamine NONOate and
acyloxy nitroso compounds have been investigated [11,12]. These
compounds have some limitations like short half-life, concomitant
NO liberation and in some cases toxic reaction co-products [11].
The sodium nitroprusside, a well recognized NO donor, also liberates
HNO but in very special conditions [13].

The trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ ion exhibits low cytotoxic-
ity against host cells (LD50 = 125 lmol/kg and IC50 = 2.260 lM
against Swiss mice and V-79 host cells, respectively) [14] and
k–NO (0.98 s�1) and E0

(NO
+

/NO
0

) = 0.04 V versus NHE values [15],
which would make it a promising NO-donor model for pharmaceu-
tical purposes [16,17]. Furthermore, this complex also presents a
second well-defined one-electron reduction process at biologically
accessible potentials, which was tentatively assigned to the reduc-
tion of the coordinated NO0 [14,15]. In addition this compound
exhibits like the other ruthenium tetraammine complexes, anti-
parasitic action, ascribed to their nitric oxide and nitroxyl release
capacity when reduced by one or two-electrons as exemplified in
Eqs. (1) and (2) [16].

trans� RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �3þ þ e�� trans

� RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ ð1Þ

trans� RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ þ e�� trans

� RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �þ ð2Þ
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Aiming to learn more about this system, the electrochemical
behavior of trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ and its chemical
reduction were investigated.
2. Experimental section

2.1. Chemicals and reagents

All chemicals, unless otherwise indicated, were of analytical
grade and purchased from Sigma–Aldrich, Strem or Merck. Ruthe-
nium trichloride was the starting material for the synthesis of all
ruthenium complexes described herein. Zinc-amalgam was pre-
pared by treating metallic zinc with a saturated solution of mer-
cury(II) chloride in a 5 � 10�2 M solution of HClO4. After 5 min,
the amalgam was exhaustively washed with distilled water and
immediately used. Eu2+ solution was prepared dissolving the de-
sired amount of Eu2O3 (99.99%) in a exhaustively deaerated acidic
solutions in presence of Zn(Hg). After 20 min the reduction of Eu3+

to Eu2+ took place, and the solution was used immediately. All sol-
vents were purified following known procedures [18]. Doubly dis-
tilled water was used throughout. All syntheses and manipulations
were carried out under an argon atmosphere [19].

2.2. Synthesis of the complexes

[Ru(NH3)5(Cl)]Cl2 [20] and trans-[Ru(NO)(NH3)4(P(OEt)3)](PF6)3

were prepared and characterized as described in the literature
[21].

2.3. Instruments

UV–Vis measurements were performed in a 1.00 cm quartz cell
on a Hitachi U3501 spectrophotometer. Cyclic and differential
pulse voltammetry experiments were performed with a PAR model
173 or 264 A potentiostat/galvanostat, coupled with a model 175
universal programmer. The three-electrode system, saturated calo-
mel, glassy carbon and platinum wire were used as reference, work
and auxiliary electrodes respectively. The potential values were
converted and reported as normal hydrogen electrode (NHE). The
31P NMR spectrum was measured in D2O solution at pH 3.0 (triflu-
oroacetic acid) using PF6

� as the internal standard and recorded on
a Bruker AC-200 spectrophotometer.

The NO detection was performed using a selective NO electrode
(amino 700) from Innovative Instruments Inc. The electrode was
polarized in water during 12 h before use. A GE Sievers 280i Nitric
Oxide Analyser (NOA) was used to quantify the liberated NO. Ali-
quots of a stock solution of sodium nitrite were injected in the
reaction vessel, constantly purged by inert gas (nitrogen), contain-
ing a solution of potassium iodide and glacial acetic acid. The area
of the peaks was used to construct the calibration curve following
manufacturer and literature recommendations [22]. Zinc analysis
was carried out using a Varian 240 FS atomic absorption
spectrometer.

2.4. Measurements

All manipulations were carried out in the absence of oxygen and
the temperature was always maintained at T = (25 ± 0.2) �C, except
when mentioned. The solution pH was kept below 5.0 during the
experiments to avoid the nucleophilic attack of hydroxyl ions on
the NO+ and P(OEt)3 ligands [23]. All experiments, except when
mentioned, were carried out at pH 4.2 (CH3COOH/CH3COONa),
l = 0.10 M, (CF3COOH/CF3COONa).

N2O saturated solution was obtained bubbling the gas (99.5%)
directly in a pH 4.2 solution at (2.5 ± 0.2) �C during 30 min.
The inert gas (argon or nitrogen with high purity 99.999%) was
deoxygenated by passing through a Cr(II) solution prior to use [19].
The complex was stored under vacuum and protected from light
and humidity and was used within 30 days. UV–Vis and NMR spec-
tra of the solutions containing air-sensitive complexes were ob-
tained under argon atmosphere. Using the inert gas pressure the
solutions were transferred through Teflon tubing to a specific tube
or cell. For zinc analysis, a calibration curve was prepared using a
commercial standard zinc solution (1000 mg/L of Zn in HNO3 2%
water solution). For samples analysis, the solid Zn(Hg) was first
separated by decantation from the resulting solution of the reac-
tion between trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ and Zn(Hg). The
liquid was quantitatively transferred to a 50 ml volumetric flask.
The solid was washed with three portions of 3 ml of trifluoroacetic
acid 5 � 10�4 M. These 9 ml were quantitatively transferred to the
50 ml volumetric flask. The volume was adjusted to the mark with
trifluoroacetic solution and aliquots taken for the analysis.

2.5. Data treatment

The number of electrons for the [RuNO]2+/[RuNO]+ process were
calculated using the Lovric equation [23]:

dEp

d logðf Þ ¼
�2:3RT

anF
ð3Þ

where R is the gas constant, T is temperature, a is the electron trans-
fer coefficient, n is the number of electrons involved in electron
transfer, F is the Faraday constant and f is frequency (range from
100 to 600 HZ). The reversibility check of the process and a and n
value calculations (2.5 and 25 �C) were carried out using peak po-
tential (Epc) versus log(f) plots [24].
2.6. Computational details

The quantum mechanical calculations were performed using
the GAUSSIAN 03 package [25]. The molecular geometry optimiza-
tions were performed using the Kohn–Sham density functional
theory (DFT) [26] with the Becke three-parameters hybrid ex-
change–correlation function, known as B3LYP [27,28]. The mole-
cule was separated in two groups: (a) The NO–Ru–P(–O–)3

‘‘bone’’ and (b) the NH3 and (–CH2CH3) fragments. In the first group
there was used Dgauss basis DGDZVP for Ru and TGTZVP [29–31]
for N, O, P and H. In the second group the Pople basis 3-21G was
used. The natural bond orbital calculations were performed using
the NBO 3.0 program [30–32], as implemented in the GAUSSIAN 03
package. For the DFT calculations, the (NO)–Ru–P(OEt)3 vector is
defined as the z axis, and the x and y axis correspond to the
H3N–Ru–NH3 vectors.

To account for solvent effects of water, all the calculations were
carried out using the polarizable continuum model (PCM) [33–35].
3. Results and discussion

3.1. Electrochemical reduction

The typical cyclic voltammogram for the trans-[Ru(NO)(NH3)4

(P(OEt)3)]3+ ion in aqueous acidic solution is shown in Fig. 1. In this
Figure, a defined cathodic peak (Ecp1) at 0.04 V coupled to an ano-
dic peak (Eap1) at 0.11 V ascribed to the [RuNO]3+/[RuNO]2+ process
and a cathodic peak (Ecp3) at 0.65 V coupled to an anodic peak
(Eap3) at 0.80 V due to the [RuH2O]3+/[RuH2O]2+ process can be ob-
served Eqs. (1) and (4).

trans- RuðH2OÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ

�trans- RuðH2OÞðNH3Þ4ðPðOEtÞ3Þ
� �3þ þe�

ð4Þ



Fig. 1. Cyclic voltammogram for the trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ ion in
aqueous solution: pH 4.2; l = 0.10 M; T = (2.5 ± 0.2) �C; CRu = 1.2 � 10�3 M; scan
rate = 100 mV/s. Solid line: first cycle; dashed line: second cycle.
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The dependence of the anodic peak (Eap1) current with the
scan rate and temperature was due to the fast dissociation of NO
(k–NO = 0.98 s�1, Eq. (5)) [21].

trans- RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ

þH2O �
K-NO

trans- RuðH2OÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ þ NO ð5Þ

Furthermore, in Fig. 1, a third process is observed (Ecp2) at
�0.46 V, in which the anodic counterpart (Eap2) is barely noticeable
on the �0.30 to �0.35 V region.

The comparison among of the cathodic peak currents that cor-
respond to processes Ecp1 and Ecp2, after the deconvolution of the
square wave polarograms (Fig. S1, Supplementary material)
strongly suggesting the one-electron nature of Ecp2. The plot of
peak potential (Ecp) versus log(f) was linear, as expected [23] for
an irreversible process. The values for a and n, calculated from
the plots at 2.5 and 25 �C, are 0.5 and 0.98, respectively, as ex-
pected for a one-electron process.

The process at Ecp3 was tentatively assigned to the [RuNO]2+/
[RuNO]+ couple Eq. (2). This process, although electrochemically
reversible, is chemically irreversible due to both the low stability
of the ruthenium nitroxyl bond and the fast aquation of the nitroxyl
ligand as a consequence of the strong P(OEt)3 ligand trans effect and
trans influence. It was observed that the ratios iap1/icp1 and iap2/icp2

increased with the scan rate, indicating that the second reduction
is dependent on the corresponding [RuNO]3+/[RuNO]2+ process. This
hypothesis was also supported by the experiments at 2.5 �C, and
using scan rates faster than 1 V/s in which the [RuNO]3+/[RuNO]2+

process became reversible, since the current of the process Eap1 in-
creased due to the decrease of the rate for the NO dissociation as a
consequence of the temperature [21]. These results suggest that
the behavior of Ecp2 would be coherent with Eq. (6):

trans� RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �þ þH3O !k�HNO trans

� RuðH2OÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ þHNO ð6Þ

No direct measurements have been carried out for k–HNO deter-
mination. However a comparison between the iap1/icp1 and iap2/icp2

(Fig. 1) ratios as a function of the temperature and scan rates sug-
gests that k–HNO– P k–NO.

The DFT-MO calculation showed that the LUMO (Ru dxz 36%; NO
pp⁄ 63%) and LUMO+1 (Ru dxy 35%; NO pp⁄ 65%) of the nitrosonium
complex [RuNO]3+ are antibonding orbitals and that the one-elec-
tron reduction would be more localized on the NO+ ligand, which
is in agreement with previous results [14,15]. The calculations also
showed that the second electron reduction also occurs on the nitric
oxide ligand because the LUMO of the trans-[Ru(NO)(NH3)4

(P(OEt)3)]2+ ion is predominantly a p-antibonding orbital and is
more localized on the NO ligand (Ru dxz 16%; NO p⁄ 80%).

DFT calculations for both singlet and triplet multiplicities for
NO� and HNO, uncoordinated and coordinated to ruthenium moi-
ety in aqueous solution were considered. Regarding to the non-
protonated species, the uncoordinated 3NO� is more stable than
the 1NO� by 30 kcal/mol. When NO� is coordinated, the global en-
ergy oftrans-[Ru(NO)(NH3)4(P(OEt)3)]+, triplet and singlet forms,
are similar being the singlet 0.8 kcal/mol more stable than the trip-
let one. Considering the energy difference between the uncoordi-
nated and coordinated NO-, the bonding to the fragment
[Ru(NH3)4(P(OEt)3)] stabilizes the singlet structure by 31 kcal/mol.

Similar behavior was found for uncoordinated and coordinated
HNO. For the uncoordinated species, 1HNO is more stable than the
3HNO by 8 kcal/mol. However, when coordinated the stabilization
energy difference grown up to 40 kcal/mol. Once again the 1HNO is
more stable regarding to the 3HNO by 32 kcal/mol.

Thus, the DFT calculations indicate that for the nitroxyl species,
protonated or not, the singlet structure is favorable respecting to
the triplet one. This also can be observed comparing the calculated
bond order for the Ru–N bond: 1.23 (1NO�); 0.622 (3NO�); 0.943
(1HNO) and 0.435 (3HNO). As expected, the calculated Ru–N–O an-
gles are: 120.1� (1NO�); 126.1� (3NO�); 127.2� (1HNO) and 119.6�
(3HNO). These values are coherent with the ones reported for
ruthenium complex containing NO� as ligand [36] and as expected
are lower than the calculated values for [Ru–(N–O)x]: 176.1� (NO+)
and 134.4� (NO0). The dissociation energy (kcal/mol) of NO� and
HNO from the metal center follows similar trend: 36.1 (1NO�);
14.2 (3NO�); 19.9 (1HNO) and 4.2 (3HNO). More DFT calculated
parameters can be found at Supplementary material (Table S1).

The pKa value for the HNO molecule is reported to be higher
than 11.0 [37,38]. However, an increase of acidity is reported to oc-
cur when HNO is coordinated to a metal center [37]. This is the
case of [Fe(CN)5(HNO)]3� for a pKa value of 7.7 Eq. (7) was mea-
sured [13].

FeðCN5ðHNOÞ½ �3� �
þH2O

�H2O
FeðCN5ðNOÞ½ �4� þH3Oþ ð7Þ

Therefore it was likely that trans-[Ru(HNO)(NH3)4(P(OEt)3)]2+

would exhibit an pKa value smaller than 11, coherently with the
fact that backbonding effects are not operative in the Ru–HNO
bond and therefore the r inductive effect predominates along
the Ru–N axial bond. DFT calculation for the pKa [39,40] of the sin-
glet form leads to the value of 9.9. Since the singlet form is more
stable than the triplet one, it would be reasonable that the nitroxyl
complex in the conditions of the experiments (pH < 5.0), would be
as trans-[Ru(1HNO)(NH3)4(P(OEt)3)]2+. According to DFT calcula-
tions, since there is not spin-restriction, the proton equilibrium be-
tween the coordinated singlet species is expected to be fast as
usual. This is not the case for the uncoordinated ligand where,
being the triplet form (3NO�) more stable, the protonation
(1HNO) is spin-restricted [1,38].

3.2. Release of NO and HNO from the trans-[Ru(NO)(NH3)4(P(OEt)3)]3+

ion upon chemical reduction

The reaction between trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ and Eu2+

was carried out using 0.5, 1, 2 and 10 equivalents of Eu2+ in acidic
medium and the NO liberated identified using selective NO elec-
trode (Fig. S2, Supplementary material) and quantified by NOA.
Since the formal potential for Eu3+,2+ (E0 = �0.55 V) [41] is thermo-
dynamically favorable to promote the reduction of coordinated
NO0 to NO� (Ecp2 = �0.46 V) it would be expected that the addition



Fig. 2. Differential pulse voltammograms of the reaction betweentrans-
[Ru(NO)(NH3)4(P(OEt)3)]3+ and Zn(Hg). Solid line: DPV after 30 min of reaction;
Dashed line: DPV of a N2O saturated solution. CRu = 5.0 � 10�3 M; pH 4.2;
l = 0.10 M; scan rate = 10 mV/s; pulse height = 50 mV; T = (2.5 ± 0.2) �C.

Fig. 3. Spectral change during the reaction between trans-[Ru(NO)(NH3)4-
(P(OEt)3)]3+ and Zn(Hg). CRu = 5.0 � 10�4 M; pH 4.2; l = 0.10 M; T = (25 ± 0.2) �C.
One hour of reaction.
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of two equivalents of Eu2+ would diminish the amount of NO liber-
ated if part of it would be reduced to nitroxyl. This was not ob-
served (1, 2 and 10 Eu2+ equivalents). The same concentration of
NO was produced in the experiments as judged by the peaks area
corresponding to NO in NOA and it was almost quantitative regard-
ing to the initial amount of trans-[Ru(NO)(NH3)4(P(OEt)3)]3+

(Table S2). Also, cyclic and differential pulse voltammograms of
the solutions after the addition of of Eu2+ did not indicate the pres-
ence of the peak corresponding to N2O at �0.32 V (see discussion
below). The final complex was identified and quantified as trans-
[Ru(H2O)(NH3)4(P(OEt)3)]2+ by its CV, UV–Vis and 31P NMR spectra
[21].

The stepwise reduction of coordinated nitrosyl in [Fe(CN)5NO]2�

to NO and HNO is described [13] to occur when one and two equiv-
alents of Na2S2O4 were respectively added into the metal complex
solution. However, conversely to the described for [Fe(CN)5NO]2�

dithionite only leads to NO liberation from trans-[Ru(NO)(NH3)4

(P(OEt)3)]3+ even when used in excess (3 equivalents), thus suggest-
ing that in the last case reduction to nitroxyl does not occurs. This
reaction is under investigation in this Laboratory.

The reduction on the trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ ion was
than investigated using Zn(Hg), E0 = �1.1 V Eq. (8) [41].

ZnðHgÞ ! Zn2þHgþ 2e� ð8Þ

On the present system the medium do not contains any special
ligand to stabilize the low oxidation state of zinc and assuming
that the electron transfer would occurs stepwise, the rate for the
second electron (k2) transfer from the Zn+ or Zn2

2+ to the in situ
generated trans-[Ru(NO)(NH3)4(P(OEt)3)]2+ would be faster or at
least similar to the first one [42,43].

When Zn(Hg) is used as reductant, nitric oxide evolution, the
expected product of one electron transfer to trans-[Ru(NO)(NH3)
4(P(OEt)3)]3+ was not noticed in the chronoamperogram. However,
after 60 min of reaction, UV–Vis spectrum of this solution showed
only the presence of the complex trans-[Ru(H2O)(NH3)4

(P(OEt)3)]2+.
As observed in Fig. 2 the differential pulse voltammograms of

solutions containing trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ clearly show
the [RuNO]3+/[RuNO]2+ (Fig. 2A) and the [RuNO]2+/[RuNO]+ process
(Fig. 2B). Few minutes after the addition of Zn(Hg) into this solu-
tion the intensities of the peaks corresponding to both process de-
creased and a new irreversible process (Fig. 2C) was observed at
Ecp = �0.32 V.

If HNO is formed it is expected do dimerize to N2O (kdim = 8 �
106 M�1 s�1) [38]. Since a direct proof for HNO presence is not
easily accessible, N2O identification is used as an indirect proof of
nitroxyl formation (Eq. (9)) [3,11]. Thus, a saturated N2O solution
was examined and found to display a comparable electrochemical
behavior, thus allowing the tentative assignment:

N2OþH2Oþ 2e� ! N2 þ 2OH� ð9Þ

The cyclic and differential pulse voltammetric experiments car-
ried out using a N2O saturated solution clearly showed a cathodic
process at �0.32 V (Fig. 2C) [44] which features are similar to the
ones observed for the solution containingtrans-[Ru(NO)(NH3)4

(P(OEt)3)]3+ and Zn(Hg) under the same experimental conditions
(Fig. 2).

The electrochemical reduction o N2O is pH dependent and is
also influenced by the electrode composition [44] nevertheless this
comparison, despite being only qualitative, corroborate with the
above attribution.

Upon adding Zn(Hg) into solutions containing thetrans-
[Ru(NO)(NH3)4(P(OEt)3)]3+ ion (k = 316 nm, e = 216 M�1 cm�1)
[45] an increase of absorbance at 316 nm was observed reaching
a maximum value in a period of one hour (Fig. 3). An isosbestic
point is observed at k = 285 nm. This spectral change was ascribed
to the trans-[Ru(H2O)(NH3)4(P(OEt)3)]2+ ion formation (k = 316 nm
and e = 650 M�1 cm�1) [45]. The trans-[Ru(H2O)(NH3)4(P(OEt)3)]2+

ion was also confirmed through the signal at 148 ppm in the 31P
NMR spectrum [21,45] and quantified using pyrazine, which reacts
with this aquo complex, yielding thetrans-[Ru(NH3)4(P(OEt)3)(-
pz)]2+ species (k = 366 nm, e = 4.2 � 103 M�1 cm�1) [21]. The nitro-
syl complex is quantitatively converted into the aquo species. The
quantification of Zn2+ in solution after the reduction was over, indi-
cates the presence of one equivalent (indeed 1.05 ± 0.06) of Zn2+

per initial trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ ion. It is interesting to
point out that very little amount of Zn2+ (less than 5% of the ex-
pected if one electron reduction takes place) was found in a satu-
rated NO solution, after 30 min of standing in presence of Zn(Hg).

Although no direct HNO analysis was carried out, taking in ac-
count the electrochemical, spectroscopic data and the reaction
products analysis, it is likely to suppose that the reaction below
Eq. (10) would be taking place:

trans� RuðNOÞðNH3Þ4ðPðOEtÞ3Þ
� �3þ þ ZnðHgÞ þH3Oþ ! trans

� RuðH2OÞðNH3Þ4ðPðOEtÞ3Þ
� �2þ þHNOþ Zn2þ þHg ð10Þ
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As observed above, taking in account the results obtained with
Eu2+, S2O4

2� and Zn(Hg), the reductant potential is a necessary but
not sufficient condition for the nitroxyl formation. The intrinsic
reaction mechanism would be relevant to define the products of
the reaction. This is the case for the reaction between ruthenium
nitrosyl complexes and cysteine, a one electron reductant, [46]
for which was postulated the formation of an adduct containing
two cysteine molecules and one ruthenium nitrosyl complex,
yielding HNO as a final product. This subject is under investigation
at our Laboratory.

There are reports in the literature [36,47] of bonded NO- to
ruthenium complexes. The complex [RuCl(NO)2(P(C6H5)3)2]+ exhi-
bit a well documented example of fluxional interchange between
NO� and NO+ ligands; and the complex [Ru(NO)Hedta]2- interest-
ing example of coordinated singlet NO-. However these compounds
are usually robust. Kinetic data on nitroxyl dissociation and exam-
ples of inorganic HNO donors, besides the Angeli’s Salt are not
abundant [1,3,12]. The formation of [Fe(CN)5HNO]3� with the sub-
sequent HNO liberation is described to occur, but only in presence
of excess of CN- to retard the trans cyanide ion dissociation [13].

Recently was reported the electrochemical reduction of the ni-
tric oxide ligand in cis-[Ru(NO)(Cl2)(dppp)(py)]PF6 without change
in the coordination sphere [48]. The interpretation of this process
at more negative potentials than the one attributed for the
[RuNO]3+/[RuNO]2+ couple was attributed to the formation of the
nitroxyl ligand. However, since no strong trans labilizing ligand
are present in the coordination sphere, the nitroxyl ligand remains
coordinated to the metal center, which would limit these com-
pounds eventual applications as a HNO donors.

It is likely the ability to generate NO and HNO upon controlled
reduction, described for trans-[Ru(NO)(NH3)4(P(OEt)3)]3+ would be
also observed for the other phosphite complexes of the series
where P(III) = P(OR)3, P(OR)2(OH) and P(OH)3, all strong trans labi-
lizing ligands. The present findings are an additional incentive for
tailoring phosphite nitrosyl complexes more resistant to nucleo-
philic attack [23,49] and therefore more stable in a wide range of
pH. This subject is now under investigation and results will be re-
ported later.
4. Conclusion

According to the experimental data, trans-[Ru(NO)(NH3)4-
(P(OEt)3)]3+ ion behaves as a fast NO and or HNO donor, which
could be selectivity tuned through the judicious choice of the elec-
trochemical potential or the chemical reductant.
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