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The kinetics and mechanism of the thermal decomposition of the one-electron reduction product of [Fe(CN)sNOJ?~
(nitroprusside ion, NP) have been studied by using UV-vis, IR, and EPR spectroscopy and mass-spectrometric
and electrochemical techniques in the pH range of 4—10. The reduction product contains an equilibrium mixture of
[Fe(CN)4,NOJ*~ and [Fe(CN)sNOJ®~ ions. The first predominates at pH <8 and is formed by the rapid release of
trans-cyanide from [Fe(CN)sNOJ*~, which, in turn, is the main component at pH >9-10. Both nitrosyl complexes
decay by first-order processes with rate constants around 107° s~ (pH 6-10) related to the dissociation of NO.
The decomposition is enhanced at pH 4 by 2 orders of magnitude with protons (and also metal ions) favoring the
release of cyanides from the [Fe(CN),NOJ>~ ions and the ensuing rapid delivery of NO. At pH 7, an EPR-silent
intermediate |, is detected (vno, 1695 and 1740 cm™?) and assigned to the trans-[Fe'(CN)4(NO),J>~ ion, an {Fe-
(NO),}8 species. At pH 6-8, I; induces a disproportionation process with formation of N,O and the regeneration
of nitroprusside in a 1:2 molar ratio. At lower pHs, |; leads, competitively, to a second paramagnetic (S = 1/2)
dinitrosyl intermediate I, [Fe(CN),(NO),]*~, a new member of a series of four-coordinate {Fe(L),(NO),} complexes
(L = thiolates, imidazole, etc.), described as { Fe(NO),}°. Other decomposition products are hexacyanoferrate(ll)
or free cyanide, depending on the pH, and precipitates of the Prussian-Blue type. This study throws light on the
conditions favoring rapid release of NO, to promote vasodilatory effects upon NP injection, and describes new
processes related to dinitrosyl formation and NO disproportionation, which are also relevant to the diverse biological
processes associated with NO and N,O processing.

Introduction although a photoredox process readily delivers NO upon
irradiation with UV—vis light# On the other hand, NP shows
electrophilic reactivity toward different nucleophiles
(OH~, amines, thiolates, et€and can be reduced chemi-
cally or electrochemically forming the paramagnetic one-
electron reduction product, [FEEN)sNO]J®", ill-defined two-
electron reduction products presumably related to the nitroxyl
anion (NO), or nitrogen hydrides (NpOH, NHs) through
multielectron processés.

Among the metallonitrosyls, sodium pentacyanonitro-
sylferrate (Na[Fe(CNyNO]-2H,O, nitroprusside, NP) is
widely used in physiological and medical experimentation
as a “gold-standard” NO donor drug. NP has a number of
clinical uses, the most common of which is hypotensive
anaesthesia during surgéri.his {FeNG ¢ species, in the
Enemark-Feltham formalisnt,is best described as an Fe-
(1) center (&, low-spin) containing a NO (nitrosonium)
ligand? As such, it is extremely inert for thermal dissociation,

(2) Enemark, J. H.; Feltham, R. Boord. Chem. Re 1974 13, 339-406.
(3) (@) Swinehart, J. H.Coord. Chem. Re 1967 2, 385-402.
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The vasodilatory action of NP can be observed on the NO vs cyanides from reduced NP is particularly intriguing
minute time scale after injection. It can be inferred that free as is the ensuing fate of NO in the solution. The possibility
NO must be generated in solution in order to activate soluble of further reactivity, other than its eventual coordination to
guanylate cyclase (sGC) to trigger the vasodilation protess. heme proteins (e.g., sGC), should also be considered.

Activation involves a very fast (ca. 1M ! s™%) coordination
of at least oneNO ligand at the iron center of the enzyre.
The mechanism by which the NQigand in NP is reduced

In the studies of coordination of NO to the [FEN)sH,O]*~
ion at pH 7, we found that the initial product [Fe(GND]3~
was unstable under an excess of NOA prelim-

and released into bodily fluids has not been clearly defined inary investigation revealed that [Fe(CN)YJ?", not

in the literature-® It can reasonably be presumed that [Fe(CN}NOJ3-, was the active species promoting decom-
thiolates or other biologically relevant reductants may be position and that NP was formed as one of the products.
operative at the beginning, but the chemistry of the reduction This result suggested that an NO-disproportionation process
product(s) is still unclear, particularly those aspects dealing could be involved. We, herein, present the results of a

with the rates of dissociation of NO from ir@rit is known
that the NO ligand generally promotes ligand labilization at
the trans positioA? and this is the case with reaction 1 for
[Fe(CNENOJ

kl — —
[Fe(CN)sNO]?”k—‘T—l’[Fe(CN)ZlNO]Z + CN (1)
The equilibrium in reaction 1 is rapidly established in
solution withk; = 2.7 x 1®® s tandk-; =4 x 10° M~1s?!
at 25.0 °C.1° The predominance of [Fe(CMBNO]>~ or

stoichiometric and kinetic study in the pH range of D
centered on the spontaneous decay of (E&)sNO]*~ and/

or [Fe(CN)NOJ?~ using UV-vis, IR, EPR, electrochemical,
and mass-spectrometric techniques. The study involves
avoiding light exposure* and maintaining anaerobic condi-
tions. The latter is important because [f@N)sNO]3~ can

be rapidly transformed back to NP in aerobic medi@ur
studies can be placed in the context of the still underdevel-
oped chemistry of bound NO in transition metal compleies;
we address specifically the nitrosyl transfer problem from a
M—NO donor (viz., NP) to another metal acceptbgand

[Fe(CNYNOJ*" is strongly pH-dependent, and the relative e include the possible intermediacy of dinitrosyl com-
concentration of the latter species increases with decreasingyounds.

pH. Both anionic species have been obtained as solid salts
and characterized spectroscopically, including structural Experimental Section

results for [Fe(CN)NO]?~.1911 Although it has long been
recognized that [Fe(CMNO]®~ is inert for the release of

General ProceduresAll chemicals were of analytical grade and
were used without further purification. Eighty-five percent sodium

NO,*? the NO-dissociation rate constant has only recently gimionite (NaS;04) was from Acros. Acetate, bis-tris or phosphate,

been measurek{no = 1.6 x 10°° s7%, 25.0°C).!3 Con-
sequently, the rapid delivery of NO in the biological media
has been frequently ascribed to tlabile [Fe(CN)NO]?>~

and borate buffers were used with NaCl to adjust the ionic strength.
The pH measurements in the range efl® were done at room
temperature with a 744 Metrohm pH meter. The preparation of the

ion with the additional proposal that the remaining cyanides solutions was done in Schlenk tubes. The amount of the reducing

are subsequently releas&dNo kinetic evidence has been

agent, usually sodium dithionite (B80,) or sodium tetrahydro-

provided for these processes. The timing of the release ofPorate (NaBH), necessary for the reaction was added as a solid to

(8) Ballou, D. P.; Zhao, Y.; Brandish, P. E.; Marletta, M. Rroc. Natl.
Acad. Sci. U.S.A2002 99, 12097-12101.

(9) Butler, A. R.; Calsy-Harrison, A. M.; Glidewell, C.; Sorensen, P. E.
Polyhedron1988 7, 1197-1202.

(10) Cheney, R. P.; Simic, M. G.; Hoffman, M. Z.; Taub, I. A.; Asmus, K.
D. Inorg. Chem 1977, 16, 2187-2192.

(11) (a) Nast, R.; Schmidt, Angew. Chem., Int. EEngl. 1969 8, 383.

(b) van Voorst, J. D. W.; Hemmerich, B. Chem. Phys1966 45,
3914-3918. (c) Schmidt, J.; Kar, H.; Dorn, W. L.; Kopf, J.Inorg.
Nucl. Chem. Lettl974 10, 55-61. (d) Glidewell, C.; Johnson, I. L.
Inorg. Chim. Actal987, 132 145-147.

(12) (a) Butler, A. R.; Glidewell, C.; Johnson, I. L.; McIntosh, A.IBorg.
Chim. Actal987 138 159-162. (b) Shafer, P. R.; Wilcox, D. E.;
Kruszyna, H.; Kruszyna, R.; Smith, R. Poxicol. Appl. Pharmacol.
1989 99, 1-10. (c) Wilcox, D. E.; Kruszyna, H.; Kruszyna, R.; Smith,
R. P.Chem. Res. Toxical99Q 3, 71-76. (d) Bates, J. N.; Baker, M.
T.; Guerra, R., Jr.; Harrison, D. @iochem. Pharmacoll991, 42,
S157-S165. (e) Kruszyna, H.; Kruszyna, R.; Rochelle, L. G.; Smith,
R. P.; Wilcox, D. E.Biochem. Pharmacol1993 46, 95-102.

(f) Rochelle, L. G.; Kruszyna, H.; Kruszyna, R.; Barchowsky, A.;
Wilcox, D. E.; Smith, R. P.Toxicol. Appl. Pharmacol1994 128
123-128.

(13) (a) Roncaroli, F.; Olabe, J. A.; van Eldik, Rorg. Chem 2003 42,
4179-4189. (b) Values of NO-dissociation rate constants are very
scarce in the literature. By comparison with the dissociation rates of
other L ligands in the [PECN)sL]3~ complexes, NO was shown to
be more labile than the strong-acceptor NO (k-no+ cannot be
measured from NP) but more inert than H o-only ligand. We
infer that an intermediate— binding of NO to Fe(ll), of comparable
magnitude to the one for pyrazine or dimethyl sulfoxide, is established.
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N~ or Ar-saturated solutions of NP containing the appropriate buffer
and ionic strength. At least a 2-fold excess of NP over the reducing
agent was always employed. The solutions were always protected
from light and were transferred using gastight syringes and a
vacuum/Ar or N line. NO was purchased from Air Liquide and
purified from higher nitrogen oxides by passing them through an
ascarite Il column. The concentration of NO in the saturated
solutions prepared under NO bubbling was 1.8 mM.
Stoichiometric and Kinetic Results. (a) Chemical Analysis
of Reactants and lonic ProductsNP (2—3.5 mg) was dissolved
in 10 mL of a 0.01 M buffer solutionl (= 0.1 M, NaCl). NaS;0,
was added, and an aliqguot was immediately transferred to a
spectrophotometric cell to record the BVis spectrum. The initial
concentration of the reduced NP species, either [Fef88)*~ or
[Fe(CNYNO]?-, was calculated considering the molar absorbance
values reported in the literatdfgthese values were also checked
experimentally in this study). The concentrations usually ranged
between 0.2 and 0.5 mM. The samples were allowed to react for 2

(14) Morando, P. J.; Borghi, E. B.; Schteingart, L. M.; Blesa, M.JA.
Chem. Soc., Dalton Tran4981, 435-440.

(15) (a) Ford, P. C.; Lorkovic, I. MChem. Re. 2002 102 993-1018.
(b) Ford, P. C.; Laverman, L. E.; Lorkovic, I. Midv. Inorg. Chem
2003 54, 203-257.

(16) Ueno, T.; Suzuki, Y.; Fujii, S.; Vanin, A. F.; Yoshimura, Biochem.
Pharmacol.2002 63, 485-493.
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days in the Schlenk tubes. Then aliquots were extracted, and the(30 mg) was added after saturation with Ar, and then the solution

different ions present in the final solutions were analyzed using

was immediately transferred to the IR liquid cell. The rest of the

spectrophotometric techniques. The latter procedures were notsolution was stored in a syringe which was kept in a large Schlenk
performed under anaerobic conditions. A Hewlett-Packard 8453A tube under Ar to prevent any reaction with air. From time to time,

diode array spectrophotometer was employed for the—\i¥
measurements. Thleephenanthroline and SCNeagents were used
to determine the concentrations of [Fe@Js]2" and [Fe(HO)g]3",
respectivel\t’ Nitrite was quantified using th&riessreaction'8
Free CN or HCN was determined with an Aquaquant 14429 kit
from Merck. NP was determined through the reaction with
thiosuccinic acid? as described elsewhet®eThe final value was
corrected using the initial concentration of NP. By knowing the

aliquots of the solution were loaded in the cell and the IR spectrum
was recorded with a Thermo Nicolet Avatar 320 FT-IR spectrometer
and a Spectratech liquid cell containing two 833 mm Cak; disks

and a 0.1 mm spacer. The spectral ranges were-1Z800 and
2150-1300 cnt?! in the HO and DO solutions, respectively. The
reaction of NO with the [Fe(CNINO]?>~ complex was studied by
bubbling NO through the complex solution.

To perform the labeling experiments starting with

amount that was reduced from the initial spectrum, we determined [Fe(CN)!5NOJ2~, we added 55 mg of NfFe(CN}sNH;]-3H,023

the concentration of NP that was effectively obtained through the
reoxidation of [Fe(CNINO]J3~. The concentration of [Fe(CRhf~

was determined from the reaction with [Fe®)s]®" producing
Prussian-Blué! The sample was mixed with an equal volume of
a 0.1 M HNG; solution containing 1 mM Fe(N£). Calibration
was achieved by preparing standard solutions of [FegZNjn

the range of 6:0.2 mM. Samples and standard solutions were

to a deoxygenated solution of 12 mg of :R€O, (Aldrich) in

20 mL of H,O. The solution was allowed to react for 1 h, and then
HCI was added to reach pH-2. Four hours later, the solution
was evaporated to dryness. The residue was dissolved in a few
milliliters of D,O and evaporated again. The IR spectrum was
checked for comparison with reported values for NP labeled with
15N .24 For the labeling experiments, this sample was dissolved in

allowed to react for 2 h, and the absorbance at 705 nm was5 mL of D,O together with the buffer system (pH 7). Finally,
measured. No precipitation of Prussian-Blue was observed underNa,S,0, was added as described for the other IR experiments.

these conditions, and the calibration curve showed a good linear

distribution.

(b) UV—Vis Spectroscopy. (i) Slow ProcessesSamples
(ca. 0.2 mM in the reduced species, 0.01 M in buffer, and
| = 0.1 M) were transferred to a cell wiita 1 cmoptical path,
under N. The absorbance changes in the range of-3 nm

(d) EPR SpectroscopySamples (0.3 mM in the reduced species,
0.01 M in buffer, and = 0.1 M) were prepared as described before
and kept at 25.5C during the experiment. From time to time,
aliquots were extracted and transferred undetdNEPR quartz
tubes. Each sample was frozen immediately in liquid After all
of the samples were collected, they were measured in the X-band

were recordgd on a double-beam Varian Cary 5G spectrophotometeif a Bruker ESP 300E spectrometer. The spectra were recorded at
equipped with a temperature control system. The results were 9.44 GHz, 0.635 mW power, 100 kHz modulation frequency, and

analyzed with the SPECFIT progréfrusing a two-exponential
model (A— B — C) for the reaction at pH 48 and a single-
exponential model (A— B) for the one at pH 910. The molar

9.3434 G modulation amplitude. To study the reaction between NO
and the [Fe(CNNOJ?~ complex, we prepared the solutions as
already described and bubbled NO through them. They were, then,

absorbance values of the intermediates were estimated by calculatingransferred to the EPR tube and frozen. Bhalues were estimated
the initial complex concentration through the molar absorbance by using the magnetic field and the microwave frequency without

reported in the literatur® Analyses of residuals from the SPECFIT

treatments are presented in Figure SlI1. All of the reactions were

done at 25.5+ 0.2 °C.

(ii) Stopped-Flow (SF) MeasurementsNO-saturated solutions
were prepared as described elsewliérehe ionic strength was
0.1 M (NacCl), and the buffer concentration was 0.01 M (pH73.

NP was reduced with N&,0, in the buffer solutions, and the final
reduced complex was 10-fold substoichiometric with respect to NO.
The NO and complex solutions were mixed with a SX 18MV
Applied Photophysics SF instrument at 25:@.1°C. Kinetic traces

performing a calibration.

(e) Electrochemical Detection of NOAn amiNO electrode from
Innovative Instruments, Inc., was used. The electrode was attached
to a homemade potentiostat interfaced to a computer. For these
measurements, 10 mg of NP was dissolved in 10 mL of Ar-saturated
0.1 M buffer solutions. After allowing for equilibration of the
electrode output, we added 3 mg of 4880, and recorded the
current as a function of time. FeS@uSQ, CoSQ, MnSQ,, and
NiCl, (9—10 mM at pH 7.0) were used to study the influence of
metal ions. KSCN (20 mM),o-phenanthroline, or disodium

were recorded at 620, 420, and 330 nm and were fitted to a single ethylenediaminetetraacetate was used to study the influence of other
exponential over more than 3 half-lives. The observed rate constantsigands.

did not differ significantly at the different wavelengths.

(c) IR Spectroscopy.NP (100 mg) was dissolved in 10 mL of
a solution 0.5 M in buffer (without the addition of NaCl) in,&
or D,O, depending on the spectral range under studySHa

(17) Vogel, A.A Textbook of Quantitate Inorganic Analysis Including
Elementary Instrumental Analysiéth ed.; Longman Inc.: New York,
1978.

(18) Schmidt, H. H. H. W.; Kelm, M. IMethods in Nitric Oxide Research
Feelisch, M.; Stamler, J. S., Eds.; Wiley: Chichester, UK, 1996; Part
VIl, Chapter 33.

(19) Szacilowski, K.; Stochel, G.; Stasicka, Z.; Kisch, Kew J. Chem
1997 21, 893-902.

(20) Roncaroli, F.; Olabe, J. A.; van Eldik, Riorg. Chem.2002 41,
5417-5425.

(21) Sharpe, A. GThe Chemistry of Cyano Complexes of the Transition
Metals Academic Press: London, 1976.

(22) Binstead, R. A.; Zuberbulher, A. LBPECFIT Spectrum Software
Associates: Chapel Hill, NC, 1993.999.

(f) Mass-Spectrometric Determinations of NO. A 0.5 M
buffered solution containing 100 mg of NP in 10 mL was transferred
to a mechanically stirred reactor (volume ca. 24 mL) attached to a
vacuum system. After evacuation, 30 mg of,8#, was added
from a side flask. The reactor was linked through a capillary to a
SenSym SX15A pressure sensor and to an Extrel Emba Il mass
spectrometer. The temperature was controlled at°@5 The
evolution of the total pressure as a function of time was recorded
during the experiment. At the end, the composition of the gaseous
products was analyzed with the mass spectroniéter.

(23) Kenney, D. J.; Flynn, T. P.; Gallini, J. B. Inorg. Nucl. Chem1961,
20, 75.

(24) Chaca Villalba, M. E.; Varetti, E. L.; Aymonino, P. Xib. Spectrosc
1997, 14, 275-286.

(25) Gutiarez, M. M.; Amorebieta, V. T.; EstiuG. L.; Olabe, J. AJ.
Am. Chem. So@002 124, 10307-10319.
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Table 1. IR and UV-Vis Spectroscopic Data for Reactants, 0.7
Intermediates, and Products
07
stretching 06 ¢4 0s
frequencies Amax (M)

(cm™) (e, M~1cm™)

2142, 19365 498 (8), 394 (25), 330 (48)
2115, 1808° 615 (380), 430 (100), 350 (300)
2088, 16485 430 (550), 345 (3500

compound
[Fe(CNBNOJZ~
[Fe(CNyNOJ?~
[Fe(CNNOJ3~

05§

Absorbance

0.4 i

(O]

O

C
[Fe(CN)]*~ 2036 422 (5), 322 (306F 8
[Fe(CNX(OH)NOR~ 19100 -
[Fe(CN)(NO)J2 (1) 1695, 1737 333 (600), 425 (200), 600 (120) 3 o3|}
[Fe(CNR(NO)]~ (I) 1810, 1737 330 (650), 400 (300), 500(150) g
N2O 22369

0.2 { &=

Results

0.1
A summary of the compounds that appear as main

reactants, products, or proposed reaction intermediates along
with the relevant IR and U¥vis spectroscopic data is
presented in Table ¥.26-28

(a) pH 9—10. Predominance of [Fe(CNJNO]*~ at the A (nm)
Beginning of Degompo_si_ti_on.The _[Fe_(CN):NO]P” ion is Figure 1. UV-—vis spectral changes observed during the decomposition
the most predominant initial species in this pH range after of a ca. 0.2 mM reduced nitroprusside solution (reductant:Sh@) at
the fast reduction of NP and the establishment of equilibrium PH 9.0 ¢ = 0.1 M, T = 25.5°C, 0.01 M borate buffer) with a cycle time
1. Figure 1 shows the successive Yuls spectra reveal- g:(pchr?eontisél 'g;‘gbéggl%;:fii_gfég)inioﬁﬁg,?.m fited to a single
ing a decreasing intensity of the absorption bands of
[Fe(CNYNOJ®~ (Table 1). The single-exponential decay
is valid over 3 half-lives affording a value dps = 4 x
105 st at pH 9. Note that some [Fe(CMO]*> can be
observed through the weak absorption at ca. 620 nm.

Figure 2 shows the successive spectra for the IR measure-
ments in DO. An intensity decrease can be observed for
the stretching vibrations of the cyano and NO groups in
[FE(CNENO]*~ at 2088 and 1648 cm, respectively®
Product formation is associated with the onset of a new band
at 2038 cm?, typical of the [Fe(CNg* ion2126 The
concentration of this ion was also determined in the solutions
(ca. 20-30% with respect to initially reduced species),
although a strictly quantitative evaluation was disturbed by
the formation of precipitates. Again, minor quantities of
[FE(CNYNOJ?> were detected through the bands at 2115 and

500

400

300

2100 2000 1900 1800 1700 1600

1800 cn11.26 A weak shoulder at 1910 crhcan be assigned 1500
to [Fe(CN)(OH)(NO)J?.2° NO was detected electrochemi- v (em™)
cally during the first 15 min and was absent after 10 fON Figure 2. IR spectral changes recorded during the decomposition of a

was also observed in the IR spectra (not shown) after ca.solution ca. 17 mM in reduced nitroprusside (reductant: @) at
10 h of reaction through its characteristic band at pH 10 (T = 25 °C, 0.5 M borate buffer) in BD: Kips~ 4 x 107°s7!

2230 cnTl.2° Nitrite was also detected over the whole pH (decay ofvno). Peak numbers correspond to the following (as detailed in
range of 4-10( yield < 5%). Finally, Figure 2 allows us to

Table 1): 1, [Fe(CNNOJ* ; 2, [Fe(CNYNOJ*"; 3, [Fe(CNINOJ*"; 4,
[Fe(CN)]4~; and 5, [Fe(CN)OH)NOP]~.

detect some gradual increase in the characteristic absorptions

of NP at 2142 and 1936 crh?® The quantitative determi-

successive UV vis spectra with significant quantities of both

nation at the end of reaction showed, at pH 10, around acomplexes at the beginning. The inset includes the absor-

10% yield of NP with respect to the initial [Fe(CHO]*~
concentration.

(b) pH 6—8. Decomposition of Mixtures of
[Fe(CN)sNO]3~ and [Fe(CN)NO]? . Figure 3a shows the

(26) Schwane, J. D.; Ashby, M. T. Am. Chem. So2002 124, 6822~
6823.

(27) Manoharan, P. T.; Gray, H. Bnorg. Chem 1966 5, 823—839.

(28) Gray, H. B.; Beach, N. AJ. Am. Chem. S0d.963 85, 2922-2926.

(29) Sampath, V.; Rousseau, D. L.; Caughey, W. SVigthods in Nitric
Oxide Researchreelisch, M., Stamler, J. S., Eds.; Wiley: Chichester,
U.K., 1996; Part VI, Chapter 29.
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bance traces at two selected wavelengths fitted to a two-
exponential model. A monotonic decay at 615 nm along with
an initial increase and subsequent decrease of an intermediate
[; with maximum at 336 nm can be observed. The output
leads to values df;st = 3—6 x 107° s for the first reaction

step and ofksecona= 1—2 x 107° s7! for the second one,
involving the formation and decay of the intermediaie |
respectively. Figure 3b shows the Specfit spectra calculated
for the reactant, the intermediate, and the product. Table 1
includes the calculated absorbance maxima foSImilar
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014 {fl a) on
§ 01 236 1m 0.65
0.12 §°®
S 006
L 004
014 < E18nm 055 | oH 4
0.08 - <§L
7 045 ]
0.06 =
[2]
c
0.04 )
‘€ 035 1
0.02 |
©
o
c 0 , ‘ ‘ 0.25 {
g 300 400 500 600 700 pHE
o
H7
é 0.14 {1\ b) 0.15 . ‘ —_
0121 Reactant(s) 0 200 400 600 800 1000
‘l — ntermediate 1
0.11 ‘\ Product(s) t(s)
008 \ Figure 4. Chronoamperograms for the release of NO after addition of
3 mg of NaS;0, to 10 mL of a 3.4 mM nitroprusside solution at different
0.06 | pHs.
004 spect to initial reduced complex), together with some ferrous
and ferric ions and a white precipitate, presumably
0.02 1 Fe [Fe(CNY].2! The relative yields of NP andJ® were 40%
0 ' : ' ' and 20%, respectively, with respect to initial reduced NP
300 400 500 600 700 concentration.

A (nm) The successive IR spectra in Figure 5a (pH %0D
Figure 3. (a) UV—vis spectral changes observed during the decomposition SO|Ut|0n) show a decrease in the 'menS't_y of the bar!ds for
of a solution ca. 0.25 mM in reduced NP (reductant:,$4@,) at pH 6.0 both the [Fe(CNYNOJ®~ and [Fe(CN)NOJ?™ ions along with

(1 =0.1M,T=255°C, 0.01 M bis-tris buffer) with a cycle time of an absorption increase at 2038 ¢nf[Fe(CN)]*~ and/or
7200 s. Inset: kinetic traces at 336 and 618 nm fitted to a double-exponential

model by SPECFITKst = (5.4 + 0.2) x 105 5L, keecona= (9.3 & 0.5) other Fe-cyano-aqua complexes). The absorptionrease
x 107857, (b) Spectra of the reactants, intermediates, and products obtainedat 2142 and 1936 cm corresponding to NP is again clearly
from the SPECFIT analysis. observed, and the peak at 2230 ¢rfor N,O is apparent at
Table 2. UV—Vis Kinetic Data Obtained for the Spontaneous ca. 3-6 h after _the start of decomp05|t_|on (cf. Flggre_SIZ,
Decomposition of the Mixture of [Fe(CAYOJ*~ and [Fe(CN)NOJ2~ as measurements inJ@). Another outstanding feature is given
a Function of pH by the appearance of a weak absorption at 1695 ¢mith
pH kirst (x 1OP 573) Ksecond(x 1OP 57%) a maximum intensity attained around 2.5 h) which is absent
10.0 2.5+ 0.5 - at the beginning and end of the process revealing its
9.0 3.5£05 - intermediate character (we assign these IR featurgs see
8.0 5.3+ 0.5 1.5+ 0.5 : : . : .
7.0 27102 11+ 05 Discussion). Finally, Figure 5b again shows the peak at
6.0 55+0.1 0.9+0.3 1695 cm! and a weaker absorption at ca. 1737 érafter
i:o Z%gi 8:? ﬁ'cﬁimgfsured a complementary experiment with a controlled addition of

o .
a Reported values correspond to average values of at least two indepen—NO o [Fe(CN)NO] was performed. These peaks dlsappear

dent measurements. Errors were estimated from the difference between thoséinder a further excess of NO.

values.T = 25.5°C, 0.01 M buffer,l = 0.1 M (NaCl). See text for the In the IR labeling experiments with [Fe(CMINOJ?-,

determination of rate constants. Figure SI3 shows that the intermediateappears ca. 2 h
spectral and kinetic data were obtained by using either after the beginning of the spontaneous decomposition. As
dithionite or tetrahydroborate as reducing agents. Table 2expected, it shows that all of the relevant peaks associated
reports the kinetic results in all of the studied pH ranges. with vyo stretchings (Table 1) are shifted downward by ca.
The chronoamperograms recorded in Figure 4 show that40 cn1?, including the band previously assigned to the |
NO is generated rapidly during the first minutes with the complex at 1695 crmt which now develops at 1655 crh
rate increasing as the pH decreases. The concentration ofn a second complementary experiment with unlabeled NO
NO remains constant or decreases with time. Fgd Nhe bubbling through a fresh solution of [Fe(C/NNO]?-, Figure
mass-spectrometric measurements reveal a continuous exSl4 shows that a shoulder assignable t@ppears at ca.
ponential increase in the pressure in the reactor with 1670 cnml. Interestingly two absorptions for the emerging
kobs = 1.4 x 1075 s7? for the formation rate. NP complex can be observed. In addition to the one at
At the end of the reaction, [Fe(CAJ~ was found in low 1897 cm'?, corresponding to [Fe(CNPNO]?~,>* another one
yields, in contrast with free cyanides (6200% with re- shows up at 1936 cm, corresponding to [Fe(ChHYNO]?~.
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Figure 5. (a) IR spectral changes observed during the decomposition of .
a solution ca. 17 mM in reduced NP (reductant: ;8&®,) at pH 7 3200 3300 3400 3500
(T =25°C, 0.5 M phosphate buffer) in D, kops~ 5 x 107> s71 (decay B (Gauss)
of vno). (b) Spectrum obtained after bubbling NO trough a reduced
nitroprusside solution until first color change (17 mM in@). A detailed Figure 6. (a) EPR spectral changes recorded during the decomposition
description of the spectral changes is given in the text. Peak numbers of a solution ca. 0.26 mM in reduced nitroprusside (reductant: NjBH
correspond to the following (as detailed in Table 1): 1, [Fe(@\]>; 2, pH 5.0 ( = 0.1 M, T=25°C, 0.01 M acetate buffer). (b) Spectrum obtained
[Fe(CNYNOT?; 3, [Fe(CN)NOJ*; 4, [Fe(CN)|*~; 5, [Fe(CN)(OH)NOF; after bubbling NO through a reduced nitroprusside solution (0.26 mM,
and 6, [Fe(CNYNO)]>". | = 0.1 M, 0.01 M acetate buffer).

In the EPR measurements (not shown), the intensity of @nd Prussian-Blue type precipitates;(Nis also observed
the reactant’s signal decreases exponentially, with a rateln the IR spectra (Figure SI5).

constant of ca. 5 105 s, affording anEPR-silenproduct. Figure 6a shows the successive EPR spectra obtained at
Values on the same order of magnitude= ca. 5-8 x pH 5. The signals of the reactant de€agvolve through an
105 s71) may be estimated from the IR data in Figure 5a apparently silent intermediate (second spectrum from bottom)
by measuring the intensity decreasevgé. to reach a final different spectrum (which also decays for

longer times). The last spectrum is similar to those reported

(c) pH 4-5. Fast Decomposition of Predominant : . ;
in the literature for the four-coordinafé-e(L),(NO),} com-

[Fe(CN)4NO]?> . The UV—vis spectral runs reveal a signifi- : -
cant increase in the decomposition rate for the [FegRR)2- Pounds 5? 1/2, L = thiolates, imidazole, CO, etc.) called
ion, as detailed in Table 2. This is confirmed by the elec- 9 = 2:03" dinitrosyl iron complexes (DNICY: It is also
trochemical experiments on release of NO. Figure 4 shows Similar to the one obtained after bubbling NO through the
a consistent increase in thate and amounof NO produced ~ eéduced NP solution (Figure 6b), and we identify it as |

a_t pH 4 Wlth'r,] the first mmUtes', Fro_m the eXpone_ntlal (30) The initial EPR spectrum in Figure 6a shows the presence of both the
display, we estimate a value fhryo, in fair agreement with tetracyanonitrosyl and pentacyanonitrosyl species. The percentage of

the kinetic data in Table 2. of ca. 2 10 3s 1. each species is strongly affected by the temperature. Only the
. ' tetracyanonitrosyl ion gives an EPR signal at 22124 The final
Although our experimental setup had a headspace, we spectrum in Figure 6a and the one in Figure 6b agree with those

believe that this does not alter our conclusions. Since all of 1) r(e?irted'\jlorghe fougc?rdina'&edggnit?sws“ Bochemisinl064

H e a) Lee, M.; Arosio, P.; Cozzl, A.; asteen, N. chemistr
the. experiments were .done under the same conquns, WE™™ 33 3679-3687. (b) Vanin, A F.. Serezhenkov, V. A.; Mikoyan, V.
believe that a comparison between the results at different D.; Genkin, M. V.Nitric Oxide 1998 2, 224-234. (c) Reginato, N.;

pH levels can still be made. At pH 4, the value lofyo g/lch%)zliglg'zfé; Eje)r‘ghst'l‘gr' D el E‘fi'dévr;‘énc'éem“)%%dig%_
(ca. 2x 102 s71) could be affected to some degree by the Walton, J. CPolyhedrorl985 4, 797-809. (e) Costanzo, S.; Menage,

loss of NO on the minute time scale. However, the order of S.; Purrello, R.; Bonomo, R.; Fontecave, Morg. Chim. Acta2001,
itude ok - d t with that d 318 1-7. (f) Burlamaschi, L.; Mafh, G.; Tiezzi, E.Inorg. Chem
magnitude OK-no IS In good agreement wi at measure 1969 8, 2021-2025. (g) McDonald, C. C.; Phillips, W. D.; Mower,

spectrophotometrically. H. F. J. Am. Chem. Socl965 87, 3319-3326. (h) Ueno, T.;
: p - - Yoshimura, T.Jpn. J. Pharmacol200Q 82, 95-101. (i) Foster, M.
0,
NP |s.also. formed ina 50/9 yield at the end of reaction W.. Cowan, J. AJ. Am. Chem. S04999 121 4093-4100. (j) Bryar,
along with high yields of cyanide (300%), aqueous Fe(lll), T. R, Eaton, D. RCan. J. Chem1992 70, 1917-1926.
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Figure 7. (a) UV—uvis spectral changes recorded during the decomposition
of a solution ca. 0.32 mM in reduced nitroprusside (reductant: NaBH
pH5.0(=0.1 M, T=255°C, 0.01 M acetate buffer) with cycle times

of 900 and 3600 s after 18000 s. Inset: kinetic traces at 330 and 618 nm
fitted to a three-exponential model by SPECFKfs: = (2.4 £ 0.2) x

107% 571, Kseconda= (5.1 &+ 0.5) x 10°° s7%, and kg = (2.4 £+ 0.7) x

10°5s71. (b) Spectra of the reactants, intermediates, and products obtained.

from the SPECFIT analysis.

In Figure 7, both dinitrosyl intermediates, and b, can
be detected in the UVvis spectra when tetrahydroborate is
used following a SPECFIT analysis with a three exponential
model. Only } is observed when dithionite is used (Figure
Sl 6). Table 1 shows the calculated YVis absorption
parameters for,l

Figure 8a shows the IR spectra obtained in thgdD
solution at pH 4. The decay of the bands from [Fe({NQ]*~

can be observed, and the product formation is associated witht

increasing absorptions apparently corresponding to the fol-
lowing three processes: (i) formation of NP consistent with
bands at 1936 and 2142 chand with the chemical analysis
at the end of reaction, (ii) Fe(ll) and Fe(lll) Prussian-Blue

type species corresponding to a broad envelope in the

2000-2080 cn1? region?t and (iii) an increase and further
decrease of a new absorption at 1737 gnassigned to,l
This process correlates with the shift of the band from 1800
to 1810 cmt. The absorptions of the Intermediate at 1810
and 1737 cm! can also be observed in Figure 8b after
bubbling NO through a solution of the reactant.

An interesting feature in the experiments at pHXwas
related to the influence of the addition of cyanide. This led
to a behavior similar to that reported above for higher pHs;

2

2100 1900 1800 1700

2200 2000 1600
1 1 7
2200 2100 2000 1900 1800 1700 1600
-1
v(cm™)

Figure 8. (a) IR spectral changes observed during the decomposition of
a solution ca. 17 mM in reduced nitroprusside (reductantySp@) at

pH 4 (T = 25°C, 0.5 M acetate buffer) in D, kohs~ 1 x 1073571 (decay

of vno). (b) Spectrum obtained after bubbling NO through a reduced
nitroprusside solution (17 mM, 0.5 M acetate buffer) ip(D A detailed
description of the spectral changes is given in the text. Peak numbers
correspond to the following (as detailed in Table 1): 1, [FeD]%; 2,
[FE(CNYNOJ%—; and 7, [Fe(CNXNO);]~. The broad envelope at
2000-2100 cnt? corresponds to a mixture of soluble and/or colloidal Fe-
(i) —cyano or Fe(ll)-cyano-aqua complexes.

i.e., lower decomposition rates were observed, and the |
intermediate could be detected again in the experiment with
dithionite.

(d) Influence of Added Metal lons. Figure SI7 shows
the influence of different metal ions on the rate of release
of NO. A rapid increase (Cx Co > Fe) is observed for
the short times after addition followed by a slower increase
for the last two ions and a distinctive decrease for copper.
The influence of metal ions probably occurs because of
association effects on bound cyanides, promoting the de-
omposition of [Fe(CNNOJ?". It is also related to the ability
to form stable complexes with cyanide. This is equivalent
to the pH effect noted above. The presence of metal ions is
highly feasible in biological media, thus allowing for a fast
decomposition process even at pH conditions around 7 which
are insufficiently low to promote the complete release of
cyanide. We also checked the influence of added ligands on
the release of NO. We found that thiocyanatephen-
anthroline, and EDTA enhanced the decomposition rate of
the complex (viz., cyanide release), but surprisingly, no effect
on the release of NO was observed.

Discussion
The observed rate constant for the decay of reduced NP
at pH 10 is 2-3 times larger than the value previously
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measured for [Fe(CNNO]®~, reaction 2 k, = k_no)*>%?

[Fe(CNXNOJ*™ + HZO% [Fe(CNXH,OI* + NO (2

Roncaroli et al.

complexes and have been characterized by-ui¢, NMR,

and IR spectroscopies, showing in the latter case an intense
band at 1695 cm and a much weaker band at 1777 ¢m

The presently reported labeling results fotdad to similar

The difference arises from the fact that, under our reaction conclusions about its structural identity. The shift of 40¢m

conditions, a small amount of [Fe(CMW)O]?~ is present in
the equilibrium mixtures described by reaction 1 (cf. YV
vis and IR spectra). The formation of hexacyanoferrate(ll)
observed occurs through a follow-up to reaction 2, viz. the
thermal decomposition of [Fe(ChJ.O]®~, which evolves
according to the stoichiometry in eq 3

[Fe(CNYH,O]*” — */[Fe(CN)}]* + YF&"+ H,O0  (3)

is close to that observed farans-Fe(P)(NO),%® consistent
with a doubly labeled dinitrosyl species. As a result of the
theoretical calculations, a trans-sy®{) conformation has
been proposed for Fe(TPP)(NE?)2¢and similar geometries
have been calculated for hypothetical model analogues, such
as [M(NHs)4(NO);]?* (M = Fe, Ru)?® We anticipate, here,
some preliminary results from DFT calculations for the
proposed [Fe(CNJNO),]?~ complex which also reproduce
the trans-syn geometry and provide fairly consisteg

Reaction 3 has previously been analyzed mechanisticallyyalues at 1725 and (weaker) 1826 ¢nfor the singlet

on the basis of a set of competitive-consecutive reacfibns.
The rate-determining first-order decay of [Fe(GNYOJ*~
leads to [FE(CNYH0),]>~ with k-cy = 1.25 x 104 st
(25.0°C, I = 1 M). The successive release of the remaining
cyanides is faster as is the reverse coordination of @N
the reacting [Fe(CNH,0]® ion .2 The products in reaction

3 lead to the formation of Prussian-Blue type precipitates,

as observed in some of our experiments, unless the solutions

are sufficiently dilute?1-33

The results at pH 10 show the formation of NP angDN
as additional products, although in minor amounts when
compared to those obtained at pH® In this pH range,
the UV—vis, IR, and EPR spectra reveal the distinctive
formation of intermediate;] We propose it to be &rans
dinitrosyl species which forms after the dissociation of NO
from the [Fe(CN)NOJ? ion, eq 4, and the subsequent
coordination to the same complex, eq 5

[Fe(CNYNOJ* + 2H,0 = [Fe(CN),(H,0),]> + NO (4)
[Fe(CN),NOJ*~ + NO = trans[Fe(CN),(NO),]*~ (5)

The EPR-silent properties of tan be ascribed to a low-
spin Fe(ll) center containing two antiferromagnetically
coupled NO ligands. Support for the product identification
in eq 5 is provided by kinetic evidence: the SF experiment
in which excess NO reacts with [Fe(CN)O]?~ shows a
first-order rate law in each reactant witly = 4.3 x
10* M~t s% The IR evidence obtained in the absence or

dinitrosyl species.
The decomposition of;loccurs through a disproportion-
ation process, as described by eq 6.

trans[Fe(CN)(NO),]* + CN™ + H" —
[Fe(CNXNOJ*~ + HNO (6)
2HNO= N,O + H,0 (7)

The stoichiometry found for NPAD (2:1 mole ratio)
agrees with reactions 6 and 7. The ability to detecisl
consistent with the values of the rate constd&mtsandksecond
in Table 1 and also agrees with the YVis and IR evidence
on the time scale of the detection of the intermediate.
Particularly revealing is the systematic appearance of rate-
constant values around 10s %, obtained through different
types of measurements, either for the decay of [Fef@8IF~
or for the formation of the products, including the rate of
formation of NO. By considering the concentration of NO
under steady-state conditions for reactionsé4 we find
kirst = 2k4. The mechanistic picture is consistent with NO
dissociation controlling the nitrosyl transfer to other accep-
tors, as previously observed with intermolecular NO transfer
from Mn— to Fe-tropocoronand complexés.

In reaction 6, we propose an intramolecular electron
transfer in | leading to bound N©and NO/HNO, followed
by the release of the latter species. Fast coupling of HNO
generates pD, eq 7, as described elsewhé&t®lore evidence
on this decomposition mode for is given by the comple-

presence of additional NO shows a transient new absorptionmentary results obtained when unlabeled NO reacts with

at 1695 cm?! which can be assigned to an-¥D stretching
vibration in L. The decay of the IR band upon further NO
bubbling indicates that;lis also unstable under these

[FE(CN)®NOJ?". The intermediate shift (ca. 20 c®)
corresponds to the presence of coupled oscillatorSND
and®™NO in I;. Most importantly, not only labeled NP but

conditions. Complementary evidence is provided by recent also unlabeled NP is formed as a product. This occurs

reports on the coordination of NO to ferrous nitrosyl
porphyrins (P) givingrans-Fe(P)(NO}) in low-temperature

solutions (P= TPP,mesetetraphenylporphinato, and TmTP,
mesetetram-tolylporphinato)?* These are also EPR-silent

because there is a probability for each nitrosyl to be oxidized
or reduced in the intramolecular process.

The stoichiometric results strongly support the intra-
molecular reaction path in the absence of excess NO. This

(32) An excess of cyanide was used in the work reported in ref 13 providing
for the near exclusion of [Fe(CANO)]?~ as well as for the fast
scavenging of the [Fe(ChH2O]3~ ion in the ensuing reaction 2. This
allowed us to obtairk no = 1.6 x 10°° s71 at 25°C from the
[Fe(CN)XNOJ®~ ion in a clean manner.

(33) Olabe, J. A.; Zerga, H. Qnorg. Chem.1983 22, 4156-4158.

(34) Lorkovic, I.; Ford, P. CJ. Am. Chem. So@00Q 122, 6516-6517.
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(35) Patterson, J. C.; Lorkovic, I. M.; Ford, P. Borg. Chem 2003 42,
4902-4908.

(36) Conradie, J.; Wondimagegn, T.; Ghosh, JAAmM. Chem. So2003
125 4968-4969.

(37) Franz, K. J.; Lippard, S. Jnorg. Chem.200Q 39, 3722-3723.

(38) Shafirovich, V.; Lymar, S. VProc. Natl. Acad. SciU.S.A.2002 99,
7340-7345.
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means that NOand NO must be formed as bound species
in the first event. Direct evidence is provided for N®ut
not for NO~ (or HNO). This is understandable because of  Some evidence for the existence of [Fe(gN)]~ has
its high lability. However, HNO has been well established been reported This species decomposes according to eq 9,

[Fe(CN,NOJ* + H* = [Fe(CN)NO]™ + HCN (8)

in the literature as a precursor to,®l The labeling
experiments reinforce the identity of las well as its
decomposition mode.

The process described by egsZappears to be the first
reported example of dinitrosyl formation and decomposition
starting from a mononitrosyl complex without external NO

assistance. It takes advantage of the trans effect of bound
NO (eq 1) and thus promotes ligand interchange between

cyanide and NO itself, coming from autodissociation. The
intramolecular character of disproportionation (eq 6) is

releasing cyanide and NO to the reaction medium under pH
conditions where HCN is stabilized. A conversion of Fe(ll)
from low-spin to high-spin is probably operative at a given
stage of the decomposition process thus favoring the faster
release of cyanide and NO.
[Fe(CNRNO]™ + 3H" — F&* + 3HCN+ NO  (9)
A novel issue introduced by the results at pH5tis the
appearance of intermediate Remembering that the EPR-

also in contrast with external NO-assisted processes reportedilent intermediate in Figure 6 (pH 5) is the previously

in the literature. These have been observed following described 4, we propose that the latter either may evolve
coordination of NO to several metal centers (Mn, Re, Fe, through disproportionation, as already discussed, or may also
Ru, Os, Ni, Cu) forming, successively, mono- and dinitrosyls, react leading to the new four-coordinate dinitrosyl species,

which decompose in the presence of more NO to giy® N
and nitrite. A different picture appears for each of the metals
considered with some ambiguity remaining on the detailed
mechanistic issu€e's.

In contrast with previous studies regarding disproportion-
ation the above-mentioned Fe(P)(NQomplex remains

l,, as is evident from the final spectrum in Figure 6a
coincident with the one obtained after reacting [Fe({B)XD]>~
with NO (Figure 6b, see Results). The IR results in Figure
8 provide additional evidence for the identity of, |
[Fe(CNX(NO),]~. The NO-stretching frequencies are re-
markably close to those reported for [Fe(G@M)O),] 7,3 viz.

stable for hours even at ambient temperature when compared-810 and 1767 crt. The IR absorptions of these dinitrosyl

with the Ru analogue which readily leads to bound nitrite
and NO.* Remarkably, the disproportionation process is
observed with Fe(TPP)(NO) only if trace amounts of NO
are present The contrast with our reactive [Fe(CKX)O),]?~
complex may be related to the low value for the Fe(fO
Fe(NO) redox couple-0.37 V vs SCE) which makes NP

a very stable product when one of the NO ligandsiin |

complexes have been shown to be significantly influenced
by the binding properties of the spectator ligands! L.

The conversion ofilto I, can be formally described by
eq 10

trans[Fe(CN)(NO),]* +e —
[Fe(CN)(NO),]” + 2CN" (10)

induces an electron transfer to the opposite NO. On the other

hand, a potential of 0.74 V has been reported for the formal
Fe(lll)/Fe(ll) couple in Fe(TPP)N® suggesting a high
comparative stability of the Fe(ll)NO fragment in the
dinitrosyl species.

Finally, the experiments at pH% show some common

The initial five-coordinate reactant, [Fe(CN)OJ?~ (eq
4), is an{FeNG "’ species, and its configuration has been
described as a’dFe(l) with a NO" ligand!*¢ Addition of
NO forms intermediate ;) a six-coordinate{ Fe(NO)}®
species (eq 5), for which a distribution dfEe(Il) with two

as well as distinctive features with respect to those at the NO radicals as ligands may be envisioned. In reaction;10, |

higher pHs. The formation of NP (50% yield) and\
suggest a disproportionation route similar to that previously

reacts to form a product,,l which is a four-coordinate
species,{Fe(NO}}° (S = 1/2). The description of the

described. There is a remarkable increase in the decomposielectronic structure for the latter species is still a matter of

tion of [Fe(CN)NQOJ?>™ at pH 4 (2 orders of magnitude faster,

discussion, either’dFe(l) with two NO ligand&" or c® Fe-

cf. Table 2). As the decomposition is also enhanced by some(—I) with two NO™ ligands3% Reaction 10 requires a one-
metal ions, we propose that this is because of the labilization electron reduction which may be accomplished by free NO

of cyanide. Our results show that the addition of cyanide
suppresses the pH effect. Then, equilibrium 8 can be
proposed

(39) (a) Lin, R.; Farmer, P. J. Am. Chem. So2001, 123 1143-1150.
(b) Yoshimura, TInorg. Chim. Actal984 83, 17—21. (c) Settin, M.
F.; Fanning, J. Clnorg. Chem 1988 27, 1431-1435. (d) Ellison,
M. K.; Schulz, C. E.; Scheidt, W. Rnorg. Chem 1999 38, 100-
108.

(40) Lorkovic, I. M.; Ford, P. Clnorg. Chem 1999 38, 1467-1473.

(41) (a) Lorkovic, I. M.; Ford, P. Clnorg. Chem 200Q 39, 632-633.
(b) Lim, M. D.; Lorkovic, I. M.; Wedeking, K.; Zanella, A. W.; Works,
C. F.; Massick, S. M.; Ford, P. . Am. Chem. So2002 124, 9737
9743. (c) Kurtikyan, T. S.; Martirosyan, G. G.; Lorkovic, |. M.; Ford,
P. C.J. Am. Chem. So@002 124, 10124-10129.

(42) Olson, L. W.; Schaeper, D.; Lancon, D.; Kadish, K.MAm. Chem.
Soc 1982 104, 2042-2044.

or by aqueous ferrous ions.

Conclusions

We present in Scheme 1 an overall description of the
decomposition processes that occur after the one-electron
reduction of NP. The kinetic results show that the dissociation
rates of NO from the penta- or tetracyanonitrosyl ions are
very slow,k_no &~ 1075 s7%, even at pH 7. Evidently, these
rates can hardly account for the rapid vasodilatory action
displayed by NP upon injection in biological fluids. In
contrast to literature reportdwe show that even the well-
established fast release of thenscyano ligand from
[FE(CN)ENOJ® is not associated with a significant labiliza-
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Scheme 1 tively. IR supports the formation of J0, conclusively, which
[Fe(CN)45(NO), I %N,0 + [Fe(CN);NOJ* correlates with the decomposition af The stoichiometry
for the formation of these products was determined carefully
-20\ ﬁspropomonatlon and found to be [NP]/[MO] = 2:1. This is in agreement
with our proposed mechanism for the decomposition, of |
[Fe(CN),(NO),]* At the lower pHs, the EPR-silent [Fe(CXINO)]%~
intermediate becomes a precursor of another dinitrosyl
species, [Fe(CNJNO),]~. We propose it to be a new
member of the well-characterized series of paramagnetic
[Fe(CN)5N0]3‘g-[Fe(CN)4NO]2'-(C—_N>- [Fe(CN),(NO)]- distorted tetrahedral complexds$;e(L)(NO),}, with differ-
CN- CN- ent L ligands, described 4&e(NO)}°. They are known to
[Fe(CN)J+ [Fe(H,0)12* be reversible labile NO carriers effecting thrans-nitro-
—> S — R — sylation processe€$.EPR signals assignable to these dini-
[Fe(H,0)e** slow HCN trosyl complexes have been found in tissue of ascite tumors
of mice upon injection with NP} Some of them, viz.,
slow NO fast L = thiolates and imidazole, activate sGC to promote
| vasodilationth4°
The detection of dinitrosyl compounds as precursors for
tion of NO from the metal. A substantial decrease in pH, dispr(;)_po[_tionat;]on i_s ff fundartnenltal co?cternﬂin metdD i
- coordination chemistry, most relevant to the enzymatic
down to at least 4, or any other factor favoring the release behavior of nitrite- and NO-reductaséss A very recent

. o X
{he Iberation of NO 1o the mecum. Coordnated cyanide s '2POrLon the NO infibiton of FUR (a non-heme fric upiake
a strong electron donor because of its free lone pair on thergg_ulator prot.em) _descrlbes the charsactenzatmn °f9 two
nitrogen?3 Thus, even in the absence of a decrease in pH, dinitrosyl speC|es_W|th propose{@e(.NO)g} and{ Fe(NO)Z}. .
local situations may provide for protein attachment to s.tru.ctures affording spectroscoplg proper‘qes surprisingly
similar to those reported here for intermediateand b.*’

cyanides, as recently proposkl, favoring a complete . . . -
decomposition of the complex. This can also be aided by Dinitrosyl formation, beyond the mononitrosyl coordination
the ubiquitous presence of appropriate metal ions, such astage, has been described as being responsible for the
copper, as demonstrated in this work. conformatlonal changes associated with NO inhibition of

f FUR. Some controversy still exists on related processes that

The fate of the released NO originates from two types o o b td " ivat t SGC leading t
dinitrosyl intermediates. They have been selectively char- seem to be present during the activation of s eading to
smooth muscle relaxatich.

acterized under different pH conditions. The EPR-silent
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