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ABSTRACT: Nitrous acid reacts with L2(H2O)Rh
2+ (L2 = meso-hexamethylcyclam) in

acidic aqueous solutions to generate a strongly absorbing intermediate Int-1 (λmax 400 nm,
ε = 1200 M−1 cm−1). The reaction follows a mixed second order rate law with k = (6.9 ±
0.3) × 104 M−1 s−1, independent of [H+]. The lack of acid dependence shows that Int-1 is a
rhodium(II) complex of HNO2, most reasonably assigned as L2(H2O)Rh(HNO2)

2+. This
species is analogous to the early iron and copper intermediates in the reduction of nitrite by
nitrite reductases and by deoxyhemoglobin. In the presence of excess L2(H2O)Rh

2+, the
lifetime of Int-1 is about 1 min. It decays to a 1:1 mixture of L2(H2O)RhNO

2+ and
L2Rh(H2O)2

3+ with kinetics that are largely independent of the concentration of excess
L2(H2O)Rh

2+ and of [H+] at [H+] < 0.03 M. At [H+] > 0.03 M, an acid-catalyzed pathway
becomes effective, suggesting protonation and dehydration of Int-1 to generate
L2(H2O)RhNO

3+ (Int-2) followed by rapid reduction of Int-2 by excess L2(H2O)Rh
2+.

Int-2, which was generated and characterized independently, is an analog of the
electrophilic intermediates in the mechanism of biological reduction of nitrite to •NO. Excess nitrite greatly reduces the lifetime
of Int-1, which under such conditions decomposes on a millisecond time scale by nitrite-catalyzed disproportionation to yield
L2(H2O)RhNO

2+ and L2Rh(III). This reaction provides additional support for the designation of Int-1 as a Rh(II) species. The
complex reaction mechanism and the detection of Int-1 demonstrate the ability of inorganic complexes to perform the
fundamental chemistry believed to take place in the biological reduction of HNO2 to NO catalyzed by nitrite reductases or
deoxyhemoglobin.

■ INTRODUCTION
The reduction of nitrous acid is an important reaction in nature
and biology where HNO2/NO2

− serves as one of the sources of
•NO.1−6 Such reductions are catalyzed by heme or copper
nitrite reductases (NiR)7,8 as well as by deoxyhemoglobin9 and
several other metalloenzymes.8 NiR-catalyzed reduction is part
of the process of denitrification whereby certain bacteria utilize
oxo-nitrogen species in place of oxygen as a terminal oxidant in
metabolic processes and generate dinitrogen as the final
reduced product.7

Detailed studies of bacterial NiRs produced evidence of
several types of intermediates. A nitrite complex of the fully
reduced enzyme Cytochrome cd1 forms in microseconds10 and
is transformed in the next step to a Fe(II)−NO+ site. A
catalytically competent release of NO was observed at pH 6 but
not at pH 7.11 Electrophilic intermediates generated by
protonation and dehydration of coordinated nitrite were
observed in other instances as well.7,12,13 These intermediates
dissociate •NO from Fe(III) (or Cu(II)), followed by the
reduction of the metal and, in the case of heme NiR, capture of
•NO by Fe(II).
Crystal structures are available for the resting state of a Cu−

NiR, the nitrite-bound enzyme, and the stable form with NO
bound side-on.12,14 Also, a model of a Cu(I) nitrite complex of
NiR, (Pr3-tacn)Cu(NO2),

15 was prepared and structurally
characterized (Pr = 2-propyl, tacn = tetraazacyclononane).

This complex reacts with acids in nonaqueous solvents and
generates •NO,15,16 as does a copper nitrito complex
Cu(Ph2PC6H4(o-OMe))2(ONO).

17

At low pH, deoxyhemoglobin and nitrite form Hb(II)-
HONO which is converted to a hybridized intermediate
Hb(II)(NO+)↔Hb(III)NO by formal elimination of OH−. This
hybridized intermediate18,19 is stabilized by interaction with a β-
93 thiol group20,21 that generates a thiyl radical •SHb(II)NO
observable by ESR.19 The equilibrated mixture of
Hb(II)(NO+)↔Hb(III)NO and •SHb(II)NO may provide a pool
of bioactive •NO that is not readily captured by Hb(II) or
Hb(O2) and that may be released from red blood cells.19

In contrast to these biological systems, abiological reductions
of nitrite rarely generate observable intermediates. This is true
even for the strongly reducing and highly labile aqua ions of
chromium(II) and europium(II), which might be expected to
readily capture HNO2 similar to Cu(I) or Fe(II) centers in
NiRs. In the case of chromium, the reaction could lead to an
observable (H2O)5CrNO

3+ owing to slow ligand exchange
around Cr(III). Instead, the reaction22 generates Cr(H2O)6

3+

and •NO in a single kinetic step followed by rapid23 capture of
•NO by the second equivalent of Cr(H2O)6

2+. Similarly, Eu(II)
reduces HNO2 to N2O via •NO and HNO, but no metal-based
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intermediates were observed.24 Also, polyaminocarboxylate
complexes LFe(II) produce LFeIINO without an observable
LFeIIINO.25

In search of a potential new route to a macrocyclic rhodium
nitrosyl L2(H2O)RhNO

2+, an excellent photochemical source
of •NO,26 we explored the reaction of HNO2 with L2(H2O)-
Rh2+ As described below, the desired nitrosyl product is indeed
formed, but the reaction involves intermediates that might be
more readily associated with biological reductions than with
those involving simple inorganic complexes.

■ EXPERIMENTAL SECTION
Materials. Perchloric acid, trifluoromethane sulfonic (triflic) acid,

sodium perchlorate, and lithium perchlorate were obtained from
commercial sources at the highest purity available and were used
without further purification. Sodium nitrite (99.999%) was obtained
from Sigma-Aldrich and used without further purification. Aqueous
solutions of sodium nitrite were stored under Ar at their natural pH
and always prepared freshly before spectral or kinetic measurements.
In-house distilled water was further purified by passage through a
Barnstead EASY pure III system.
Solutions of L2(H2O)Rh

2+ were generated by 313 nm photolysis
(Luzchem LZC-5 Reactor) of L2(H2O)RhH

2+ under argon.27 UV−vis
spectra and the kinetics of slow reactions were recorded with a
Shimadzu 3101 PC spectrophotometer at a constant temperature (25
± 0.2 °C). An Olis RSM-100 rapid scanning stopped flow
spectrophotometer was used for faster kinetics. Kinetic analyses were
performed with a KaleidaGraph 4.03 PC software and with Olis
GlobalWorks PC software. The detection of free nitrate utilized UV−
vis spectroscopy (λmax = 200 nm, ε = 10 000 M−1 cm−1)28 after the
removal of metal complexes by passage through a column of
Sephadex-C25 cation exchange resin. To test for coordinated nitrate,
reaction solutions were first allowed to age for the amount of time
corresponding to 10 half-lives for nitrate aquation from L2(H2O)Rh-
(NO3)

2+.29 This was followed by ion exchange and UV−vis
spectroscopy as described above. L2(H2O)RhNO

2+ was identified
and quantified by its characteristic maximum at 650 nm and a shoulder
at 390 nm, Figure S1.
Molar Absorptivity of L2(H2O)Rh(HNO2)

2+ (Int-1). This
intermediate was generated in a stopped-flow experiment from 0.16
mM L2(H2O)Rh

2+ and 0.05 mM HNO2 at 0.05 M H+. Under these
conditions, Int-1 forms rapidly (stopped-flow time scale) but decays
slowly (minutes). The absorbance increase at 400 nm from five
consecutive shots was averaged to give ε400 = 1200 M−1 cm−1. In
another, less accurate experiment, a series of UV−vis spectra were
recorded with a conventional spectrophotometer immediately upon
adding HNO2 (final concentration 0.11 mM) to a solution of 0.36 mM
L2(H2O)Rh

2+ in 0.01 M HClO4. The value determined from the UV−
vis spectrum, 1300 M−1 cm−1, is in good agreement with that obtained
from the stopped-flow data. The molar absorptivity at 670 nm, ε670 ≈
200 M−1 cm−1, was approximated from the absorbance at 670 nm and
the value of ε400 determined above (1200 M−1 cm−1).
Kinetic Measurements. All of the data were obtained at a

constant temperature of 25 ± 0.2 °C. Ionic strength and pH were
controlled with HClO4/NaClO4. The kinetics of the decay of Int-1
under conditions of excess L2(H2O)Rh

2+ were determined with a
conventional spectrophotometer. The formation of Int-1 under all of
the conditions and the decay when HNO2 was in excess required the
use of the stopped flow. The decay rate constant was obtained from
the data collected after completion of ≥10 half-lives of the formation
step. Olis GlobalWorks software was used to fit the data in the 375−
425 nm range. The reported rate constants from these data are the
average of at least five values that agree to within 15% or less.

■ RESULTS
The reaction between HNO2 and L2(H2O)Rh

2+ in acidic
aqueous solutions produces L2(H2O)RhNO2+ and
L2RhIII(H2O)2

3+/L2(H2O)Rh
IIIOH2+ via an intermediate that

exhibits maxima at 400 nm (ε = 1200 M−1 cm−1) and 670 nm
(ε ≈ 200 M−1 cm−1), Figure 1. As described in detail below, the

formation of this intermediate, termed Int-1, obeys mixed
second-order kinetics under all of the conditions employed, but
the lifetime and rate law for the decomposition of Int-1 to final
products change with the concentrations of HNO2, L

2(H2O)-
Rh2+, and H+. Specifically, Int-1 persists for over a minute when
L2(H2O)Rh

2+ is in excess but decays in tens of milliseconds
when the conditions are reversed so that [HNO2] >
[L2(H2O)Rh

2+].
Experiments with Excess L2(H2O)Rh

2+. The overall
reaction yielded 1 mol of L2(H2O)RhNO

2+ per mole of
HNO2 as in eq 1. The other rhodium product is shown as
L2(H2O)RhOH2+, although it is probably a mixture of
L2(H2O)RhOH

2+ and L2Rh(H2O)2
3+ assuming that the Ka

for L2Rh(H2O)2
3+ is similar to that for the closely related

L1Rh(H2O)2
3+ (L1 = cyclam), Ka = 0.0031 M.30

+

→ +

+

+ +

2L (H O)Rh HNO

L (H O)RhNO L (H O)RhOH

2
2

2
2

2
2

2 2
2

2
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In the presence of a large excess of L2(H2O)Rh
2+, the kinetic

traces for the formation of Int-1, eq 2, were exponential and
yielded pseudo-first-order rate constants that exhibited linear
dependence on the concentration of L2(H2O)Rh

2+, as shown in
Figure 2. These results establish the mixed second order rate
law of eq 3, where k1 = (6.9 ± 0.3) × 104 M−1 s−1, independent
of ionic strength and acid concentration in the range 0.010−
0.25 M.
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The decay of Int-1 followed exponential kinetics with rate
constants exhibiting only slight dependence on [L2(H2O)-
Rh2+], k = (8.6 ± 0.6) × 10−3 + (4.7 ± 0.8) [L2(H2O)Rh

2+],
and no dependence on acid concentration in the range 0.005 M
≤ [H+] ≤ 0.030 M, Figures 3 and 4. An H+-assisted pathway
sets in at higher [H+], Figure 4.

Experiments with Excess HNO2. The reaction again
yielded 0.5 equivalents of L2(H2O)RhNO

2+ per mole of
L2(H2O)Rh

2+ as in eq 1. No nitrate, free or bound to
L2Rh(III), was detected under any conditions. The other

Figure 1. (a) UV−vis spectrum of Int-1 formed in the reaction of
L2(H2O)Rh

2+ (0.69 mM) and HNO2 (0.34 mM) in 0.05 M HClO4.
(b) Final spectrum after the decay of Int-1 showing the characteristic
650 nm band of L2(H2O)RhNO

2+.
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Rh(III) product was deduced to be mostly or exclusively
L2Rh(H2O)2

3+/L2(H2O)Rh(OH)
2+ based on experiments that

used only a small (2−3 fold) excess of HNO2. These conditions
made it possible to estimate the amount of unreacted HNO2
from its characteristic UV spectrum after correction for the
contribution from L2(H2O)RhNO

2+ (ε383 = 62 M−1cm−1). The
data were consistent with the overall stoichiometry shown in eq
1 and provided no evidence for measurable amounts of nitrite
coordinated to Rh(III).

Owing to the rapid, second-order disappearance of Int-1 in
the presence of excess HNO2, the formation step was not fully
separated from the decay. The rate constant for the formation
step was therefore determined from initial rates in stopped flow
experiments using 3−5 mM HNO2 and 0.15−0.30 mM
L2(H2O)Rh

2+ in 0.050 M HClO4. The initial rates were
divided by the concentration of L2(H2O)Rh

2+ and the resulting
pseudo-first-order rate constants plotted against [HNO2] in the
inset in Figure 2. The value of the rate constant obtained from
the slope, k1 = (6.2 ± 0.4) × 104 M−1 s−1, is in good agreement
with the result obtained under reverse concentration conditions
in the main plot in Figure 2 and confirms the 1:1 kinetic
stoichiometry.
The disappearance of Int-1 obeyed second-order kinetics, as

illustrated in Figure 5. The data were fitted to the expression in

eq 4 and yielded the rate constant k5 that exhibits first-order
dependence on [HNO2] and inverse first-order dependence on
[H+] (Figure 6), leading to the overall rate law in eq 5, where k5

= (3.2 ± 0.2) × 105 M−1 s−1. This behavior persisted even with
≤2 fold excess of HNO2, which supports our earlier conclusion
that significant amounts of nitrite were not retained in the
Rh(III) product because in that case the nitrite-catalyzed path
would cease to operate before the reaction is complete.

Figure 2. Plot of kobs/s
−1 vs [L2(H2O)Rh

2+] for the formation of Int-1
from L2(H2O)Rh2+ and HNO2 (0.01 mM) in 0.01 M HClO4
(squares), 0.01 M CF3SO3H (circles), and 0.25 M CF3SO3H
(diamonds). Inset: plot of kobs/s

−1 vs [HNO2] for experiments with
limiting [L2(H2O)Rh

2+] (0.15−0.30 mM) in 0.050 M HClO4.

Figure 3. Plot of kobs/s
−1 vs [L2(H2O)Rh

2+] for the decay of Int-1
generated from L2(H2O)Rh

2+ and HNO2 (0.02 mM) in 0.05 M
HClO4.

Figure 4. Plot of kobs/s
−1 vs [H+] for the decay of Int-1 generated from

L2(H2O)Rh
2+ (0.4 mM) and HNO2 (0.02 mM) at 0.06 M ionic

strentgth.

Figure 5. Kinetic trace and a fit according to eq 4 for the decay of Int-
1 formed in the reaction between L2(H2O)Rh

2+ (0.3 mM) and HNO2
(10 mM) in 0.04 M HClO4. The formation of Int-1 (data not shown)
is complete in ca. 10 ms under these conditions.

Figure 6. Dependence of the second-order rate constant for decay of
Int-1 on [HNO2] (at [H

+] = 0.050 M, main figure) and on [H+] (at
[HNO2] = 3.0 mM, inset).
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■ DISCUSSION
Nature of Int-1. The mixed second-order rate law for the

formation of Int-1 shows the composition of the transition state
is [L2(H2O)Rh

2+, HNO2, ± nH2O]
‡. Importantly, no protons

are consumed or liberated, which rules out the nitrite anion as a
reactant. The evidence presented so far and discussed in more
detail below leads us to conclude that the composition of Int-1
is quite similar to that of the transition state for its formation,
i.e., that no rapid acid/base chemistry takes place after the rate
determining step. Reaction 2 goes to completion under all of
the conditions examined as judged by the constancy of ε400 and
by the lack of an intercept in kobs versus concentration plot in
Figure 2. These data place a lower limit for the apparent
equilibrium constant K2 at ≥106 M−1, a value much greater than
would be expected for simple ligation of a neutral monodentate
species to a low-spin d7 metal center. The large K2 and the
strong new absorption features in the UV−vis provide evidence
for charge-transfer interactions in Int-1 that are not present in
the reactants.
Attempts to further characterize Int-1 by IR spectroscopy

were thwarted by weak signals in aqueous solutions. Nonethe-
less, some possibilities can be eliminated. Specifically, the long
lifetime of Int-1 in the presence of excess L2(H2O)Rh

2+ shows
that Int-1 is distinctly different from L2(H2O)RhNO

3+, an
analog of the strongly electrophilic intermediates generated by
NiRs. We have shown previously27 that L2(H2O)RhNO

3+ is a
powerful oxidant (E0 = 1.31 V vs NHE) that reacts rapidly even
with poor reductants such as Ru(bpy)3

2+, (E0 = 1.26 V, k = 1.5
× 106 M−1 s−1). The reduction by L2(H2O)Rh

2+ (E0 = 0.13
V)31 should be at least as fast and probably much faster, but the
disappearance of Int-1 in the presence of L2(H2O)Rh

2+ takes
minutes and the main path is independent of the concentration
of L2(H2O)Rh

2+, Figure 3.
L2(H2O)RhNO

3+ is, however, believed to be involved in the
overall reaction, but at a later stage, namely as an intermediate
in the decay of Int-1. In this scenario, coordinated HNO2 in
Int-1 is cleaved in a heterolytic process to generate L2(H2O)-
RhNO3+ or its conjugate base L2(HO)RhNO2+, followed by the
reduction with L2(H2O)Rh

2+, eqs 6−8 and Scheme 1. This
mechanism accounts for the first-order kinetics of the major
path for the decay of Int-1 in Figure 3, correctly leads to the
observed overall stoichiometry in eq 1, and requires that the
reduction of L2(H2O)RhNO

3+ by L2(H2O)Rh
2+ be fast, in

agreement with our expectations outlined above.

‐≡

→ +

+

+
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2
2

II
2

2
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Another mechanism consistent with experimental observa-
tions is based on homolytic cleavage of Int-1 to generate
L2(H2O)RhOH

2+ and free •NO, much like the proposed
reduction of HNO2 by other transition metal complexes.22,24,25

In the next step, •NO rapidly couples with the second
equivalent of L2(H2O)Rh

2+ to form L2(H2O)RhNO
2+, eqs 9

and 10 and Scheme 1.

→ ++ + •L (H O)Rh (HNO ) L (H O)Rh(OH) NO2
2

II
2

2 2
2

2

(9)

+ →+ • +L (H O)Rh NO L (H O)Rh(NO)2
2

2 2
2

2
(10)

The two mechanisms result in the same stoichiometry (eq 1)
and are kinetically indistinguishable, but the operation of a
[H+]-assisted pathway (Figure 4) favors the heterolytic process
in eqs 6−8. The attack of H+ at coordinated HNO2 would
facilitate electron transfer and dehydration, similar to the H+-
assisted formation of NO+ from free HNO2.

32 Corresponding
reactions of enzymes and their models are also promoted by
H+,13,18 but in those cases nitrite is initially present as NO2

−.
Int-1, on the other hand, contains HNO2, which does not
require external H+ but a new mechanistic path that utilizes an
additional equivalent of H+ is enabled at higher acidity (≥0.03
M). It is less likely that the homolytic cleavage of coordinated
HNO2 in eq 9 would be subject to acid catalysis, although this
possibility cannot be completely ruled out.
A parallel path from Int-1 to products involves a bimolecular

reaction with L2(H2O)Rh
2+, as indicated by the slope of the

line in Figure 3. This reaction is significant only at high
concentrations of L2(H2O)Rh

2+. The small rate constant, 4.6
M−1 s−1, is consistent with both an outer-sphere process and an
inner-sphere reaction between the sterically encumbered L2

complexes.33

Nitrite-Catalyzed Decay of Int-1. The rate law in eq 5 for
the decay of Int-1 under conditions of excess HNO2 is most
reasonably interpreted as disproportionation of Int-1 catalyzed
by NO2

− as in eq 11 and 12. Strong σ donor ligands, such as
halides, and strong π acceptors, such as CO, are known to
facilitate disproportionation of Rh(II) complexes.34,35 In the
course of this study, we have also observed rapid disproportio-
nation of L2(H2O)Rh

2+ in the presence of chloride ions to give
a 1:1 mixture of L2(H2O)RhH

2+ and L2RhCl2
+.36 In the

absence of coordinating anions, L2(H2O)Rh
2+ is stable for long

periods of time. Similarly, bound HNO2 in Int-1 does not
induce disproportionation, but the lack of an inverse [H+] path

Scheme 1
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that does not require external HNO2/NO2
− under the

conditions in Figure 4 ([H+] ≥ 5 mM) is surprising.

‐≡

⎯ →⎯⎯⎯⎯ + +
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+ + +
−

Int 12L Rh(HNO ) ( )

L Rh (NO ) L Rh (HNO ) H
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NO 2 III
2 2

2 I
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2
(11)

+ ⎯→⎯+ + +L Rh (HNO ) H L (H O)RhNO2 I
2

fast 2
2

2
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On the basis of the rate law and products, the
disproportionation is suggested to involve a transition state or
intermediate that has the additional NO2

− coordinated to one
of the rhodium partners followed by either outer-sphere or
nitrite-bridged electron transfer. In view of the large reaction
rates despite steric crowding at rhodium, we prefer an outer-
sphere process. Precedents exist for fast outer-sphere reactions
of metal complexes containing saturated N4 macrocycles.37,38

In either case, L2RhIII(NO2)2
+ and L2RhI(HNO2)

+ are
produced followed by immediate H+-assisted intramolecular
electron transfer in the latter to generate L2(H2O)RhNO

2+.
This step explains why nitrite-induced disproportionation does
not generate L2(H2O)RhH

2+, which would be expected from a
reaction between free Rh(I) and H+.36 Alternatively, the
disproportionation may be a concerted process that bypasses
L2RhI(HNO2)

+ as a discrete intermediate and yields
L2RhIII(NO2)2

+ and L2(H2O)RhNO
2+ directly.

Spectral analysis and kinetic data under conditions of limiting
excess of HNO2 showed that nitrite is not coordinated to
Rh(III) in the final product. Thus, rapid dissociation of nitrite
had to take place either as part of the disproportionation
process or from the initially formed L2RhIII(NO2)2

+. However,
nitro complexes of Rh(III), including L2(H2O)RhNO2

2+,30

L1(H2O)RhNO2
2+ (L1 = cyclam),39 and (NH3)5Rh(NO2)

2+,
dissociate nitrite only very slowly in acidic solutions.40 The
nitrito complex, (NH3)5Rh(ONO)

2+, on the other hand, readily
undergoes acid-catalyzed aquation. The reaction in 0.1 M acid
is complete in several minutes at room temperature.40 These
data suggest that Int-1 and products derived from it may have
HNO2 bound via oxygen, which would result in rapid aquation
of the initially formed Rh(III) product(s). It is reasonable to
expect for axial sites in a sterically crowded macrocyclic
complex to be more labile than the single site in the penta-
ammine nitrito complex. Recent calculations9 provided some
support for the feasibility of HNO2 coordination via oxygen in
the reaction of deoxyhemoglobin with nitrite.
In the mechanistic sense, the disproportionation provides

additional strong support for the assignment of Int-1 as a
Rh(II) complex. The decay of intermediates in the Hb(II)−
nitrite reaction is also accelerated by nitrite, but in that case the
effect was attributed to conformational changes that facilitate
the transfer of •NO or NO+ to β-93 thiol.41

■ CONCLUSIONS

Intermediates such as Int-1 are highly unusual for reductions of
nitrous acid by transition metal complexes in aqueous solution.
In terms of oxidation states and the extent of protonation, Int-1
is closely related to the first intermediate generated in the
complex reaction of HNO2 with deoxyhemoglobin, i.e., Hb(II)−
(HNO2), which is believed to be stabilized by conformational
changes in the ligand pocket.18 It is highly unlikely that
significant conformational changes are involved in stabilizing
Int-1 given that L2 is a small, saturated macrocyclic ligand.

Stabilizing charge-transfer interactions are however evidenced
by the strong features in the UV−vis spectrum.
The rarity of species such as Int-1 is associated, in part, with

unfavorable kinetic parameters, i.e., slow formation and/or fast
decay, which would make the detection difficult. To the best of
our knowledge, Int-1 is the first nonbiological intermediate of
this type observed in aqueous solution. Examples in other
solvents are also extremely rare.16 The critical role of kinetics
was demonstrated recently in the case of (Pr3-tacn)Cu

I(NO2),
which decomposes slowly in CH2Cl2 at 233 K by the addition
of acetic acid and generates •NO and a stable Cu(II) product
without observable intermediates.16 A much stronger acid,
CF3COOH, on the other hand, quickly protonates the
c o o r d i n a t e d n i t r i t e t o g e n e r a t e ( P r 3 - t a c n ) -
CuI(NO2HOCOCF3), which was detected at 203 K.16 The
protonated species exhibits strong transitions in the UV−vis
that diminish upon intramolecular electron transfer that
eventually leads to Cu(II) and •NO.
The combination of rapid binding of HNO2 to L

2(H2O)Rh
2+

in this work and relatively slow decay of Int-1 made it possible
to observe and identify this intermediate and to illustrate the
ability of simple inorganic complexes to carry out the
fundamental chemistry believed to take place in the complex
biological reduction of HNO2 to NO catalyzed by NiRs or
deoxyhemoglobin. The formation of intermediates that are
analogous to, but more persistent than those generated in
biological reactions should enable detailed chemical and
spectroscopic studies and provide important clues about the
complex chemistry of metalloenzymes.
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