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The reaction between photogenerated NO, radicals and a superoxochromium(lll) complex, Cr.,00%, occurs with
rate constants ke = (2.8 £ 0.2) x 108 M~1 s71 (20 vol % acetonitrile in water) and k*® = (2.6 + 0.5) x 108 M1
s~ (40 vol % acetonitrile) in aerated acidic solutions and ambient temperature. The product was deduced to be
a peroxynitrato complex, Cr,OONO,?*, which undergoes homolytic cleavage of an N-O bond to return to the
starting materials, the rate constants in the two solvent mixtures being ky?® = 172 + 4 s™* and ky* = 197 + 7
s™%. NO, reacts rapidly with 10-methyl-9,10-dihydroacridine, ka?® = 2.2 x 10" M~ s7%, ka*® = (9.4 + 0.2) x 106
M~ s71, and with N,N,N',N'-tetramethylphenylenediamine, kr*® = (1.84 £ 0.03) x 108 M~% s™1,

Introduction

The recent surge in interest in the chemistry of nitrogen
oxides has been triggered by several findings showing that
these small inorganic molecules play key roles in such
diverse processes as the generation of tropospheric ozon
and acid rain, physiological signaling, blood pressure control

immune response, aging, and disease\s a result, a large

body of work on nitrogen monoxide, NO, has been
published®1° Similarly, species derived from NO, such as

peroxynitrite, OONO, and its conjugate acid, HOONO
(pKa = 6.8) M also have received much attentiédri© owing
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to their oxidizing and nitrating power and a potential role in
harmful biological processes. Nitrogen dioxide, on the other
hand, has been explored much I&ssyen though it, too, is

a strong oxidant and nitrating species and may well be
responsibl&23*for some of the damage attributed to peroxy-
hitrite from which it is (at least, formally) derived by

" homolytic cleavage of the peroxy bond. Probably the most

common source of NE&In an aerobic organism is the reaction
of oxyglobins with nitric oxid€®* eq 1 (where L represents
the ligand(s) and protein environment around the iron).

LFeOO+ NO — [LFeOONO]— LFeO+ NO, (1)

One of the reasons for the limited literature data on the
reactivity of NG, in general, and in complex systems in
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Peroxynitrato Metal Complex

particular, is the difficulty in observing clearly the chemistry Chart 1
of NO, in the presence of its typical, reactive precursors,

free or bound peroxynitrite. Also, unlike NO and peroxyni-

trite, NQ; is a short-lived species which rapidly dimerizes

and disproportionate®8,eq 2. Direct kinetic measurements

with chemically or photochemically generated N@us

suffer from the same difficulties encountered in studies of

all the transient radicals; i.e., the reactions with desired
substrates have to be fast to be observable above the
background radical self-reactions. Because of the weak UV

vis spectrum of N@ it is also necessary for the reaction
partners to provide the needed absorbance change for the
reaction. Alternatively, a kinetic probe is required.

e

H H
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Solutions of Cg2" were prepared by the reduction of the
respective 3 ion with zinc amalgam under anaerobic conditions.
Stock solutions of 0.150.3 mM CrOO?" were prepared by
injecting Cg#" into ice-cold, oxygen-saturated 0.1 M HCIO
containing 0.044 M methanol. Such solutions were standardized
spectrophotometricallyefgs = 3.0 x 10° M~ cm™1)3 and used
within 1 h of preparation.

Concentrations of various acridine species in 20% aqueous
acetonitrile (AN) were determined spectrophotometric&likcrH,,
€xgs=1.32x 10* M~Lcm™L; AcrH™, €417=3.94x 18 M1 cm
and Acri', €gq0= 6.44 x 10®* M1 cm1. The molar absorptivity
at 565 nm of the TMPD radical, generated by oxidation of TMPD
with Ce(lV) in 40% AN buffered with 0.05 M CECOOH/0.05 M

Earlier, we explored briefly the kinetics for the initial CH;COONa, was measured to lkess = 1.29 x 10* M1 cm%,
interaction in acidic aqueous soluti®hNow we present  Nitrate and nitrite ion analyses were carried out as described
mechanistic details, product analysis, and additional kinetic previously?* The acidity constant of TMPDHin 40% AN was
data in mixed acetonitrile/water solvents. To the best of our determined from the pH of a solution containing 4.61 mM TMPD
knowledge, this is the first documented example of a reaction @"d 2.32 MM HCIQ, pKa = 5.79. pH measurements were carried
between N@and a superoxometal complex despite the great °Ut With the use of an ATC pH electrode (Corning).
likelihood that encounters between Nénhd oxyglobins (and Kinetics. Most kinetic experiments were carried out at'{H=

. . 0.10 M and room temperature in aerated solutions, unless stated
possibly other metaldioxygen complexes) take place fre-

tlv in bioloaical : ts. Th idati f otherwise. U\~vis spectra were recorded by use of a Shimadzu
quently in biological environments. 1he oxidation of Oxy- 31491 pc spectrophotometer. Laser flash photolysis experiments

hemoglobin by N@has been invoked as a step in autocat- jjized an Applied Photophysics Nd:YAG laser systein =

H,0 _ _ "
2NO,= N,0,— NO, + NO;” + 2H 2)

Here we report our observations on the reaction o, NO
with a superoxochromium(lll) complex, GDC?**, eq 3. This
reaction is involved in GgOCO?*-catalyzed oxidation of
alcohols by molecular oxygen in the presence of nitrous
acid?®

Cr, O0°" + NO, — products (3)

alytic oxidation of hemoglobin by nitrit& but that chemistry

355 nm) and a Phase-R model DL-1100 dye lasgk € 426 nm),

has not been confirmed. In another paper, oxymyoglobin waswhich were described elsewhéfé5To minimize sample photolysis

reported to react with Ngonly indirectly after the hydrolysis
to nitrite.’

The following abbreviations are used throughout the
paper: TMPD= N,N,N',N'-tetramethylphenylenediamine,
NADH = nicotineamide adenine dinucleotide, AN ac-
etonitrile, AcrH, = 10-methyl-9,10-dihydroacridine.

Experimental Section

Materials. Reagent grade perchloric acid, zinc metal, mercury-
(I1) chloride, methanol, acetonitrile, sodium acetate, Bid,N',N'-

tetramethylphenylenediamine (TMPD) were used as received.
Nitrogen dioxide gas was purchased from Aldrich. Pentaammine-

nitrocobalt(111) triflate and chromium(lll) perchlorate were available
from our previous studie®.In-house deionized water was further
purified by passage through a Millipore Milli-Q system.

10-Methyl-9,10-dihydroacridine (Acr)l was synthesized ac-
cording to a literature proceduteChart 1 shows structural formulas
of different forms of dihydroacridine observed in this study.
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by the analyzing light at longer times in the dye laser system, a
399-nm cutoff filter was used.

Stopped-flow measurements utilized an Applied Photophysics
DX-17MV stopped-flow instrument. Nonlinear least-squares fittings
were performed with the use of Kaleidagraph 3.0 for PC software.
Consecutive biphasic treatment of kinetic traces utilized the shown
integrated rate law, wheig andk, are first-order rate constants
for the two reaction stages, [Als the initial concentration of the
reactant A, anck, is the molar absorptivity of the observable
intermediate’®

= Aokt — exp(k)]
2 1

Abs
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Steady-state photolysis was performed with the use of a Sperti
Del Sol sunlampgex. = 366 nm (~75%) and 313 nm~25%) at
ambient temperature and pH 1.

Results

Reactions of NQ with AcrH , and with TMPD. The
reaction between 0-72.45 mM AcrH, and 2-10 uM NO.,
generated by photolysis of 1.90 mM (MCoNO2" (dye
laser) at pH 1, eq 4, followed biphasic kinetics at 640 nm
where AcrH** is the only absorbing species. The kinetic

Pestovsky and Bakac

The reaction between NQ and Cr,qO0?" was monitored
at 293 nm (Nd:YAG laser), where the absorbance decreased
exponentially, yielding final absorbance readings that were
stable for up to 10 ms. The pseudo-first-order rate constants
were proportional to [GFOC?*] and yieldedke?* = (2.8 +
0.2) x 1M tstandk,*® = (2.6+0.5) x 1M tsL
The large errors in this analysis stem from a combination of
small absorbance changes (0-@03) and the large back-
ground absorbance.

Next, the photogenerated N@as allowed to react with

traces consisted of a fast absorbance increase, followed bya mixture of 0.35-2.45 mM AcrH and 0.10 mM CiOO?"

a slower return to the initial value.

(NH9sCONO2 - Co, 2" + 5NH,” +NO,  (4)

The use of higher concentrations of Acrifesulted in
gradually better fits, possibly indicating a smaller degree of
interference from N@dimerization. The plot okgps versus
[AcrH,] for the faster stage in 40% AN was linear and gave
the rate constant for reaction §*° = (9.4 £ 0.2) x 1C°
M-tst

AcrH, + NO, — AcrH,”" + NO,~ (5)

The low solubility of AcrH in 20% AN presented a

in 40% aqueous AN. The amount of Acriixidized by NQ

was determined from the absorbance changes at 640 nm.
The total amount of AcrH increased with the concentration

of AcrH, in a nonlinear fashion, consistent with the competi-
tion between reactions in eqs 5 and 7.

ke,
NO, + Cr,[O0°" == Cr,(OONO,*" 7

The experimental data were fitted to eq 8, where JNO
represents the concentration of Nithmediately after the
flash. The fitting yieldedka/key = 0.032+ 0.004, in close
agreement with the ratio of the rate constants obtained by
direct measuremenka*%ke*° = 0.036+ 0.007.

problem because the rates for the two stages became

comparable, which in turn reduced the precision of the rate
constants obtained by consecutive biphasic fitting of experi-

mental traces. The most reliable set of data was obtained by

varying [(NHs)sCoNG,?"], and thus [NQ], at a constant high
[AcrH;] (0.35 mM). The bimolecular rate constant for the
faster stageka?® = 2.2 x 10’ M~! s71, was obtained by
extrapolation to [(NH)sCoNO,*"] = 0, where the N@self-
reaction does not contribute.

The rate constant for the slower stage, corresponding to

the deprotonation of Acryt", eq 6, remained unchanged
under all conditionsks?® = 2.5 x 10° s™* andk4*® = 3.4 x

10® s71. We associate an estimated standard error of 10%

with these values.

= ActH" + H

AcrH," ”

(6)

The oxidation of 0.381.15 mM TMPD with photoge-
nerated N@ (Nd:YAG laser) was followed at 565 nm in
40% aqueous AN buffered with 0.05 M GEOOH/0.05 M
CH;COONa (pH 5.51). This reaction again proceeded in two

stages, both exhibiting an absorbance increase. The [TMPD]-

dependent phase yielddg'® = (1.84 4+ 0.03) x 10® M1
s tand had an absorbance change that wag times larger

Ka[AcrH,]

[cCr, 00**
[AcrH ], =[NO,], :f[icrn: g ]

keICr. O07'] o

Homolytic Cleavage of the CO0%*/NO, Adduct. The
reaction between 45194 uM Cr,OC?" and 10uM NO;
(dye laser) in the presence of 7867 uM AcrH, was
accompanied by a slow (G- s) absorbance increase at
417 nm signaling the formation of Acrkl Figure 1. This
was followed by a much slower (seconds) linear increase in
absorbance, which was shown to be caused by slow
photolysis of (NH)sCoNG2" with the analyzing light. This
process was suppressed but not completely eliminated with
the use of cutoff filters. The kinetic traces were fitted to an
equation for parallel lineat exponential growth in absor-
bance.

Under the experimental conditions, the majority of NO
was initially captured by GROCO?* in <1 ms, as determined
in experiments at 290 nm. The amount of Ac¢rproduced
in the exponential portion of the trace at 417 nm was identical

than the absorbance change in the [TMPD]-independent stego the amount of N@that had been captured by JD0O**
which hadk = 1.3 x 10¢ s™. The overall absorbance changes at submillisecond times. We interpret the process occurring
showed a mild increase with the concentration of TMPD and in 0.1—1 s as homolysis of GOONO,?* to regenerate N§

reached a plateau at [TMPD] 1.2 mM. From this limit,
the concentration of photogenerated Nias calculated to
be [NOyo ~ 10 uM.

1746 Inorganic Chemistry, Vol. 42, No. 5, 2003

eq 7, followed by the reaction between N@nd Acrh,
Scheme 1, where the oxidant (Ox) in eq 9 is eithera®
(NH3)5CONOZZ+.
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Figure 1. Absorbance increase at 417 nm caused by the growth of AcrH

in the AcrH/NO; reaction at ambient temperature in aerated 20% aqueous

acetonitrile, pH 1. (a) Reaction between Agi10 «M) and NG, generated
by laser flash photolysis (dye laser) of 1.8 mM (B$CoNQ2*. (b) 0.11
mM Cr,fOC?* added to reaction mixture in part a. In part b, the rapid initial
formation of CeOONO,?* is followed by its homolysis to N@and the

reaction with Acrb. The slow, linear absorbance increase in both parts a

and b is caused by photolysis with the analyzing light.

Scheme 1
Cr,[OONQ*" % Cr, 00" + NO, @)
NO, + AcrH, Y AcrH," +NO,” (5)
AcrH," % AcrH' + H* (6)
AcrH" + Ox =2 AcrH" + Red (9)

At higher AcrH concentrations, some N@vas captured
initially by AcrH; in competition with CxOO?", resulting

80 T
60 - :
2 40 | i
=~
-~
20 - e
@)
0 1 1 1
0 0.4 0.8 1.2 1.6
[Cr 00™*)/[ActH ]
aq 2
Figure 2. Plot of observed first-order rate constarkﬁbs against

[CrafOC?H]/[AcrH 7] for the homolysis of CIOONG,?" produced in the
reaction between GQOO?" and NQ, in the presence of Acri NO, was
generated by laser flash photolysis (dye laser) of 2 mMM{NEONOG2" at
ambient temperature in aerated 20% aqueous acetonitrile, pH 1. Solid line
represents a fit to eq 11.

Table 1. Product Analysis Data for Steady State PhotoR/efs
CragO0O?*" and (NH;)sCoNO? "

[reactants}iM [products]iM
Craq002+ (N Hg})sCON(}zer NO,~ NO3~ Cl‘aq()O2Jr
260 0 0 0 235
0 210 84 84 0
260 210 63 103 180
108 300 d d 81

aPhotolysis time: 45 2[NO3z7] + [CraONO2*]. ¢ Photolysis time:
80 s.9 Not determined.

kq?® = 197 + 7 s, although a realistic standard error is
~20%, i.e., comparable to that fé,.

Product Analysis for the Cra,qOO?"/NO, Reaction.
Steady-state photolysis of 0.20.26 mM CgOC?*" and
0.21-0.30 mM (NH)sCoNG?" was carried out until all of
the nitrocobalt complex was consumed, as determined from
the UV—vis spectrum. Since GOO?" does not absorb

in an initial absorbance jump. The overall absorbance significantly at the excitation wavelengths, the time of
changes remained constant, however, and matched thosehotolysis required for (NE)sCoNO,>" alone and for the

expected for a reaction between N@nd AcrH in the
absence of GROO?".

The observed homolysis rate was proportional to [A¢rH
and inversely proportional to [GOO?]. By treating

CrafO0O**/(NH3)sCoNQO,?" mixtures was chosen to be the
same. Nitrate and nitrite ion concentrations were determined
immediately after the photolysis. The amount of remaining
Cr.OO?* was determined from the absorbance at 293 nm

Cr,fOONGO?" as a steady-state intermediate in Scheme 1, after correction for the products of nitrocobalt photolysis.
one obtains the rate law of eq 10, which can be rearrangedThe results are summarized in Table 1.

to eq 11, wherekﬁbS represents the observed first-order rate
constant and, is the rate constant for the homolysis of NO

rate= KalAcTH| [Cr, ,OONO,?] (10)
B kaA[Acer] + ke [Cr, OO ©
bs _ 1
kg kH kCr[Craqooz+] ()
ka[AcrH,)

Excellent fits of the experimental data to eq 11 were
obtained, Figure 2, and yielddqi?®° = 172 + 4 st and

Continuous photolysis of (NJsCoNG?" (210uM) gave
84 uM NO,~ and 84uM NOg37, i.e., 40% of each based on
the initial concentration of the cobalt complex. This result
agrees precisely with the known photochemistry of gNH
CoNGO,?*.3” Under our conditions, 80% should produce NO
followed by reaction 2, and 20% should isomerize to the
photochemically inactive nitrito form. In the presence of
Cr.OO?*, lower yields of NQ~ (63 uM, 30%) and higher
yields of nitraté® (103 uM, 49%) were observed, Table 1,

(37) Balzani, V.; Ballardini, R.; Sabbatini, N.; Moggi, llnorg. Chem.
1968 7, 1398-1404.

Inorganic Chemistry, Vol. 42, No. 5, 2003 1747
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third entry. This was accompanied by the consumption of 0.02 — ,
some CgOO** (80 uM), corresponding to about one-half A AAbs[Co]

f the amount of N@ generated by photolysis. When the 0.01 {{ "B aAbsICorCrl 1
0 . g y P y ' —©—AAbs[Co+Cr] - AAbs[Co]
concentration of the cobalt complex was raised, and that of o & - <tcr oo™ o
CraOC?" lowered, 27uM Cr,dOC?" was consumed, Table - - i

1, fourth entry. This amount is onl¥/;o of the total NQ §-0.01 i |
produced. The closer inspection of the data shows that the fé’
Cr,dOC?** consumed during photolysis corresponds te-25 _§-0.02 L 4
30% of total [CkOO?], independent of the absolute <

concentrations of the chromium and cobalt complexes used. -0.03 - 1
Clearly, the reaction between gDC?" and NQ under these 0.04

conditions does not consume significant amounts @fCIB?**

or generate new products. Most of the missingC0** is 20.05 L . ,
accounted for by direct photolysis (10%), Table 1, first entry, 280 300 320
and the reaction with HNOproduced in eq 2 (1615%). A /nm
The lack of permanent products in the £r0?"/NO, Figure 3. Absorbance changes recorded after laser flash photolysis (Nd:

r ion full r r conclusions r hedin| r flash YAG laser) of 0.24 mM (NH)sCoNG?* in the absenceAAbsc,) and in
eaction fully supports our conclusions reac ed asertias the presence of 0.10 mM EOO?" (AAbscoycr). Conditions: 40% aqueous

photolysis experiments which identified the homolysis of ,cetonitrile, ambient temperature, pH 1. The differerogbscorc; —

Cr,fOONO?" as the main path for its disappearance, and AAbsc, is the absorbance change in the.f0?*/NO, reaction. The

the self-reaction of N@as the main source of nitrogen- absorbance changes accompanying the consumption gOCF" are
. denoted as-ecroo x [NO2o.

containing products.

Spectrum of Cr,qOONO,?". Two sets of experiments  absorbance changes were those associated with the loss of
were carried out in 40% AN. The first set consisted of a Cr,{OC?", again showing that GQOONO** does not absorb
series of laser flash photolysis (Nd:YAG) runs. The absor- significantly in the 246-350 nm range.
bance changes between the “zero” time (pretrigger value) )
and 5 ms after the laser flashAbscorcr), were recorded in ~ Discussion
the 286-330 nm range for a mixture of OC** (0.1 mM) Reactions of Kinetic Probes TMPD reacts with NQto
and (NH)sCoNGO,** (0.24 mM). The absorbance changes give TMPD* which was identified by its characteristic
for (NH3)sCoNO** alone, AAbsc,, were recorded in @  spectrum in the 500700 nm regior?® The rate constant
control experiment. The 5-ms time difference ensures that optained for this reaction is comparable to those for related

all of the NG, had been converted to QDONQ,*" at the reactions of NQwith substituted anilines, such BsN,N',N'-
point when the spectrum was recorded. Since; Mner- tetramethylbenzidinek = 2.5 x 108 M1 571,40 and 1,4-

ization and hydrolysis make no significant contribution phenylenediaminek = 4.6 x 10/ M~1 57141
toward absorbance change in this wavelength range, the One possible mechanism for the NOMPD reaction

quantity AAbscroomoz = (AAbScorcn — AAbSco) corre-  involves electron transfer from TMPD/TMPDH(pK, =
sponds to the absorbance change in the reaction betwegn NO5 79, see Experimental Section) to NCfollowed by
and CgO0*, eq 12. deprotonation of the radical dication TMPEf, eqs 13-

14, a process known to proceed with positive absorbance
AAbSgro0mo02= [NO2lo(€croono2 ~ €croo ~ €nod) changes in the 5066700 nm rangé?

[NO,]o(€croonoz™ €croo) (12)
TMPD (or TMPDH') + NO, —

It was confirmed with TMPD as a probe that the amount TMPD™ (or TMPDH?2") + NO,” (13)
of NO, generated in a laser flash was reproducibly constant 2
for a given concentration of (N§sCoNO,2". This allowed TMPDH2" — TMPD™+ + H* (14)

us to compare directly the quantityAbscroonoz With the
absorbance changes calculated for the consumption of If the reaction indeed takes place by electron transfer, then
superoxochromium(lil);-ecroo x [NO2]o. The observed and  the [TMPD]-independent step represents the deprotonation
calculated values were nearly the same, Figure 3, showingof TMPDH?*. The absorbance changes in this step translate
thatecroono2iS negligibly small throughout the spectral range  into significant concentrations of TMPDH, showing that
examined. a measurable portion of Nhad reacted with TMPDHin

The second set of experiments was based on the directtompetition with TMPD. The pH of the acetate buffer (pH
reaction between GQOOC?** and NO, in the stopped-flow. 5.51) is lower than the i, of TMPDH™ by only 0.28 pH
An aqueous solution of 0.15 mM GDO?" was mixed with units so that the two forms of TMPD exist at comparable
2—20 mM NyOq in dry AN, and the temporal spectra were concentrations, 34% TMPD and 66% TMPDHThus, the
recorded in the 240350 nm range. The only observed rate constants of electron transfer from TMPD and TMPDH

(38) Some of the nitrate was present agfONO?", a chromium-nitrate (39) Rao, P. S.; Hayon, B. Phys. Chem1975 79, 1063-1066.
complex produced in a thermal reaction betweep@®?" and HNQ, (40) Frank, A. J.; Graetzel, Mnorg. Chem.1982 21, 3834-3837.
ref 27. (41) Huie, R. E.; Neta, PJ. Phys. Chem1986 90, 1193-1198.
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would have to be comparable to explain our data. In view Table 2. Summary of Rate Constants at 256 Determined in This
of the much greater reactivity of TMPD over TMPDHhn Study

other electron transfer reactioffg?we consider this unlikely ka
and look for another mechanism, such as that in eq 15, reaction 20% AN 40% AN
whereby NQ first adds to the aromatic ring, followed by (1) AcrH, + NO, — AcrHz* + NO;~ 2.2 x 107 9.4+ 0.2) x 1P
the release of N@. (2) AcrHz ™ — AcrH® + H* 2.5x 108 3.4x 10
690
(3) NO, + TMPD — NO,-TMPD* (1.84+ 0.03) x
108

(4) NOTMPDe — NO,~ + TMPD*+ 1.3 x 10*
(5) NO, + CragOQ? — CraOONO2* (2.84+0.2) x (2.6 0.5) x 10°
108

\N/—|"
N (6) CaOQONO?" — NO, + Cr, 00t 172+ 4 197+ 7
~

\N/ \N/
(e e
+NO, -NOy
/N\ /N\

Similar chemistry has been reported for the oxidation o
TMPD with OH radicals?® where the sign and magnitude ¢145 j o several orders of magnitude lower thag
of absorbance changes for the dissociation of Gigdm an determined in this study for AcrH This result can be
initially formed adduct are similar to those observed in this (4tionalized on the basis of thermodynamics. The one-

study. The rate constaii is also comparable to that for  gjectron reduction potentials of AcgH/AcrH, and NADH/
OH" dissociation from the OH adduct, {80) x 10* s™*. NADH couples are 0.70 and 1.02 V, respectiv&§® and
Since TMPD was used in this study only as a kinetic probe, 4t for NO/NO,™ is 1.04 V47 Thus, the NADH/NGQ
further investigation of this chemistry was not carried out. aaction is approximately thermoneutral, while the AgrH
In the reaction between NGnd Acrtp, the build-up of  NQ, reaction has a driving force &f0.34 V. Further analysis
the characteristic absorption at 640 nm suggests an electrorby Marcus cross relation and usilgy = 10795 for NO,/
transfer mechanism yielding AcpH,%? a transient that NO,~ 48 and~10° for AcrH,"*/AcrH, (an estimate for a large
undergoes deprotonation and further oxidation to AcrH o rganic molecule with delocalized electron density) affords
Scheme 1. This mechanism is accompanied by aS|gn|f|cant|Og ka ~ 7, a result that is in excellent agreement with
charge separation in the transition state and is supported byexperimental data.
the observed lowering of the rate constént(see Scheme The NO,/Cr,00% Reaction. When Cg0OC?* was
1) as the polarity of the solvent decreases by an increase inptroduced into the Acrbi(NH3)sCoNO2" system, the
AN content from 20% to 40%. amount of AcrH produced in the rapid (millisecond)
An alternative path, the addition of NQo one of the  A¢r,/NO, reaction decreased as the concentration of
aromatic rings of Acrtl followed by the release of HNO ¢ 002+ increased. The direct kinetic determination of the
and oxidation to the final product, would entail a partial loss Cr.{O0**/NO; reaction at 290 nm in conjunction with the
of aromaticity in Acri and is apparently disfavored. It is  analysis of the kinetic product ratio at 640 nm was consistent
not clear, however, why the loss of aromaticity should be ;i a simple competition between Acstdnd Cg00%* for
more restricting with Acrkithan with TMPD, which appears N, Unlike the AcrH/NO, case, the solvent polarity had a
to react by NQ addition. . . negligible effect on the rate constant for the,OC?/NO,
The Acrht radical is strongly reducingz® (AcrH™/AcrH) reaction or its reverse, see Table 2. This observation, as well

= —0.19 V versus NHE, and its oxidation is often diffusion- as the magnitude of the GDO?*/NO;, rate constant, can be
controlled** It is reasonable to assume that either molecular readily explained if one views this reaction as a radical

oxygen or (NH)sCoNO;**, both present at millimolar levels o pjing process, as shown in eq 7. There is very little charge
in our solutions, are capable of rapidly oxidizing Acrlds  separation or build-up in the transition state for such a
shown in eq 9, Scheme 1. Under these conditions, the gaction, rendering any solvent polarity effects on rates
deprotonation of Acrkt™ becomes rate limiting. Consecutive  minimal.

biexponential fits of kinetic traces at 640 nm yieldeé® = The rate constant for the reactions betweep@®@?+ and
25x 10®s1in 20% AN andks*® = 3.4 x 10°s1in 40% NO, (kCrZO =28 x 108 M! S—l) is 0n|y an order of

AN. These figures are close to the indirectly determined magnitude smaller than that for the reaction between'HO
value of 690 s* (20% acetonitrilef? which is based on an  4g NG (k = 1.8 x 10° M~! s71)4° A difference of this
estimated diffusion-controlled rate constant for the reaction magnitude can be easily explained by the binding of the

e (15)

aUnits: M~1s 1 for reactions 1, 3, and 5% for reactions 2, 4, and 6.
f b Ref. 32.

between Acrtand Ceq'. . superoxide to a metal center. In another example of such a

AcrHz, which is often used as a model for NADH, is much - geceleration, the rate constant for theO0?+/NO reactiod’
more reactive toward N{han NADH itself. The upper limit s approximately 10 times smaller than that for the diffusion-
for the rate constant for the NADH reaction is210° M~ controlled HQ*NO reactior®

s1, and the true value is probably no larger thad 10!

(45) Goldstein, S.; Czapski, @hem. Res. ToxicoR00Q 13, 736-741.

(42) Nickel, U.; Jaenicke, WBer. Bunsen-Ges. Phys. Chef@82 86, (46) Matsue, T.; Suda, M.; Uchida, I.; Kato, T.; Akiba, U.; Osa,JT.
695-701. Electroanal. Chem. Interfacial Electrochert987 234, 163-173.
(43) Neta, P.; Huie, R. El. Phys. Chem1985 89, 1783-1787. (47) Ram, M. S.; Stanbury, D. Mnorg. Chem.1985 24, 2954-2962.
(44) Fukuzumi, S.; Tokuda, Y.; Kitano, T.; Okamoto, T.; Otera].JAm. (48) Stanbury, D. MAdv. Chem. Ser1997 253 165-182.
Chem. Soc1993 115 8960-8968. (49) Loegager, T.; Sehested, K.Phys. Chem1993 97, 10047-10052.
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To the best of our knowledge, this work provides the first
documented example of a direct interaction betweern, NO
and a superoxometal complex. The reaction leads to the
formation of a peroxynitrato metal complex. The-@ bond,
formed in the process, is clearly weak and undergoes facile
homolytic cleavage. The rate constant for this process, 172
s tin 20% AN, is several orders of magnitude greater than
that for the uncoordinated peroxynitric acid HOON®or
which the reported values &6, eq 16, range from 4.&
103to0 0.05 s1.51%3

HOONQ, —~ HOO + NO, (16)

The large difference in homolysis rates between free
peroxynitric acid and metal-bound peroxynitrate is similar
to the observed differences in homolysis rate constants for
the O—0O bond cleavage in free peroxynitrous acid and metal
peroxynitrites, eq 17.

EOONO— EO + NO, [E =H, Cr"__ L°Rh", (P)Fé"]

17)

aq

Again, the metal-bonded anion reacts much fa&ter>¢
Coordination to a metal center clearly weakens the bond,

presumably because of the increased thermodynamic stability,

of the oxo-metal product relative to hydroxyl radicals.

The weak UV absorption spectrum of JDONO2 is
as expected by comparison with the uncoordinated species.
The peroxynitrate anion has a fairly strong UV absorption
(€285 = 1.65 x 10° Mt cm™1),%° but the protonated form
HOONG; exhibits only a weak maximum at 245 nma €
400 Mt cm™Y).

On the basis of the findings in this work, it is tempting to
suggest that other superoxometal complexes, including
oxyhemoglobin and oxymyoglobin, may also react with,NO
to yield transient peroxynitrato compounds. Such a proposal
is additionally justified by the known reaction of NO with
HbO; to form HbOONOS® showing that Hb@ can indeed
participate in radical coupling reactions.

The stability and ultimate fate of such putative peroxy-
nitrato complexes need by no means follow that observed
for Cr.OONGO2*. In addition to homolysis of the NO

(50) Goldstein, S.; Czapski, Gree Radical Biol. Med1995 19, 505—
510.

(51) Lammel, G.; Perner, D.; Warneck,P Phys. Cheml99Q 94, 6141
6144.

(52) Regimbal, J.-M.; Mozurkewich, M. Phys. Chem. A997 101, 8822
8829.

(53) Goldstein, S.; Czapski, Gnorg. Chem.1997, 36, 4156-4162.

(54) Goldstein, S.; Czapski, G.; Lind, J.; Merenyi, Ghem. Res. Toxicol.
2001, 14, 657-660.

(55) Herold, SFEBS Lett.1998 439 85-88.

(56) Lee, J.; Hunt, J. A.; Groves, J. J..Am. Chem. S04998 120, 7493~
7501.
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bond, there are several other reasonable possibilities to be

considered, as shown in eq 18.
—>(LFe)* + OONO,”  (18a)

LFe00 + NO, === LFeOONO, ——> (LFe')* + 0, + NO,” (18b)

L » (LFeV0)*+NO; (18¢c)

Consistent with the path in eq 18a, the peroxynitrate anion
was suggested as one of the possible intermediates generated
from NGO, and oxyhemoglobft in the autocatalytic oxidation
of hemoglobin by nitrite, but the metal-coordinated peroxy-
nitrate was not considered.

The chemistry in eq 18b is thermodynamically favorable
for oxyglobins®® although this path cannot explain the
autocatalytic features of the nitrite reactidnf the NO,/
HbOO step is indeed involved, as propodét:>”

The process in eq 18c is reminiscent of a step proposed
in the mechanism of action of cytochrome P450 enzythes,
whereby a hydroperoxoiron(lll) complex is converted in an
acid-catalyzed step to an oxene, formally an Fe(V) complex.
A similar reaction has been observed directly with a
macrocyclic hydroperoxochromium(lll) compl&.n the
present case, eq 18c, the catalysis by il not required
owing to the stability of the leaving anion NQ Since the
formation of higher oxidation states of iron heme complexes
is not as energetically demanding as it is for aqua chromium
complexe$! a heterolytic cleavage of the-@D bond as in
eq 18c cannot be ruled out, and it may be an important step
in the poorly understood autocatalytic oxidation of hemo-
globin by nitrite.

In addition to the potential decay paths described, the
peroxynitrato metal complexes are also expected to act as
oxidants toward other substrates. In our earlier study of the
reaction between nitrous acid and a macrocyclic super-
oxorhodium(lll) complex, BRhOCG* (L2 = meseMeq-[14]-
ane-N), we presented some evidence for a transient
L2RhOONG?*" and its subsequent reaction with nitrous
acid®? Studies of the chemical properties and reactivity of
peroxynitrato metal species are currently in progress in our
laboratory.
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