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ABSTRACT: Here, we report a comparative study of nitric oxide
oxidation (NOO) reactions of CoIII-peroxo (CoIII−O2

2−) and Co-nitrosyl
({CoNO}8) complexes bearing the same N4-donor ligand (HMTETA)
framework. In this regard, we prepared and characterized two new
[(HMTETA)CoIII(O2

2−)]+ (2, S = 2) and [(HMTETA)Co(NO)]2+ (3,
S = 1) complexes from [(HMTETA)CoII(CH3CN)2]2+ (1). Both
complexes (2 and 3) are characterized by different spectroscopic
measurements, including their DFT-optimized structures. Complex 2
produces CoII-nitrato [(HMTETA)CoII(NO3

−)]+ (CoII−NO3
−, 4)

complex in the presence of NO. In contrast, when 3 reacted with a
superoxide (O2

•−) anion, it generated CoII-nitrito [(HMTETA)-
CoII(NO2

−)]+ (CoII−NO2
−, 5) with O2 evolution. Experiments

performed using 18/16O-labeled superoxide (18O2
•−/16O2

•−) showed
that O2 originated from the O2

•− anion. Both the NOO reactions are believed to proceed via a presumed peroxynitrite (PN)
intermediate. Although we did not get direct spectral evidence for the proposed PN species, the mechanistic investigation using 2,4-
di-tert-butylphenol indirectly suggests the formation of a PN intermediate. Furthermore, tracking the source of the N-atom in the
above NOO reactions using 15N-labeled nitrogen (15NO) revealed N-atoms in 4 (CoII−15NO3

−) and 5 (CoII−15NO2
−) derived from

the 15NO moiety.

■ INTRODUCTION
The role of the nitric oxide (NO) molecule in biological
systems has seized great interest because it participates in
various bio-physiological cascades like cellular transmission,
inhibiting vascular smooth muscle cell proliferation, vaso-
dilation, inhibits platelet aggregation, immune response toward
various infections, etc.1 Scantiness of NO in the biological
system can cause various ailments such as atherosclerosis,2

hypertension,3 atherothrombosis,4 etc. Hence, optimal NO
production becomes essential to maintain biological homeo-
stasis. In this regard, different enzymes participate in the
catalytic NO production in humans, bacteria, and plants, i.e.,
NO synthases5 and nitrite reductases.6 NO synthases produce
NO via converting L-arginine into L-citrulline.5 In contrast,
nitrite reductase enzymes catalyze the NO production via H+-
mediated reduction of the nitrite moiety under oxygen
starvation conditions.6 However, uncontrolled NO generation
leads to different diseases because of the production of
different reactive nitrogen species, such as nitrogen dioxide
(NO2) or peroxynitrite (PN), upon reaction with reactive
oxygen species (ROS).7 In this regard, nitric oxide dioxygenase
(NOD) helps maintain an optimal level of NO by oxidizing it
to bio-friendly nitrate (NO3

−) via a plausible PN intermedi-
ate.8 In mammals, the NOD reaction is catalyzed by oxy-

hemoglobin and myoglobin protein, converting excess NO into
NO3

−. While some bacteria with NO reductase and flavodiiron
proteins are well known for detoxifying cellular NO by
reducing it to nitrous oxide (N2O).9

Mechanistic studies of NOD model systems have been
explored to study the NO oxidation reactions. In this regard,
different reaction systems have been explored, i.e., (a) NO
oxidation reactions via metal−oxygen adducts,10 and/or (b)
reactions of metal−nitrosyls with various ROS (O2, O2

•−,
O2

2−, etc.), showing the formation of either NO mono-
oxygenation (NOM) or NO dioxygenation (NOD) products
via a plausible M-PN intermediate.11 Goodwin and co-workers
investigated the reaction NO with oxy-coboglobin, showing
the formation of Co−NO3

− at low temperatures.12 Karlin and
co-workers showed the formation of NOD product (Fe−
NO3

−) in the reaction of NO with heme-superoxide.13 Mondal
and co-workers also reported the formation of NOD product
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(Co−NO3
−) formation when a Co−O2

2− species was reacted
with NO.14 Similarly, Nam and co-workers explored the NOD
reaction of CrIV−O2

2−, FeIII−O2
2−, and FeIII−O2

•− producing
NO3

− upon reaction with NO.10d,e,15 The formation of NOM
product (NO2

−) was also observed in various NOO reactions
of metal−oxygen adducts with NO, as well as metal−nitrosyl
reactions with different ROSs in addition to NO3

−

generation.10a,11b,16 Nam and co-workers observed NO2
−

formation in the NOO reactions of CrII−O2
•−/or MnIV−

O2
2− and also in the reaction of {CoNO}8 with O2

•−.10c,15

Maiti et al. observed formation of NOM product in the NOO
reaction of a CuII−O2

•− via a PN intermediate.17 In another
study, Mondal and co-workers observed CoIII−NO2

− in the
reaction of {CoNO}8 complexes with O2

•− or H2O2.
16 Lehnert

and co-workers reported an {CoNO}9 which produced Co−
NO2

− and Co−NO3
− on the reaction with O2 in the solution

phase and solid phase, respectively.18 Recently, we have
compared NOD versus NOM of NiIII−O2

2− and CoIII−O2
2−

bearing the same ligand framework (12TMC), showing NiII−
NO3

− and CoII−NO2
−.10a It is important to note that NOD

and NOM reactions are proposed to proceed via the PN
intermediate species.10−16 The preceding discussion undoubt-
edly elucidates how the metal centers and the specific starting
materials (metal−nitrosyl or metal−oxygen) controls the
NOO reaction products (NOM vs NOD) and the reaction
intermediates; hence, the mechanism of reactions. Only a
handful studies were conducted to explore the role of the metal
centers and/or the ligand frameworks, where the metal−
nitrosyl19 or metal−oxygen20 adducts are explored for NOO
reactions.10c,d,11b,14 Hence, a broad study on several metal−
nitrosyl or metal−oxygen adducts is required to establish the
detailed mechanism of the NO oxidation to NOM and NOD
products.
Herein, we explore the NO oxidation (NOO) reactions of

CoIII-peroxo and Co-nitrosyl complexes bearing the same N4-
ligand framework. In this regard, [(HMTETA)CoIII(O2

2−)]+
(CoIII−O2

2−, 2)10a,21 and [(HMTETA)Co(NO)]2+ {CoNO},8

(3)11,22 (HMTETA = 1,1,4,7,10,10-hexamethyltriethylenetetr-
amine) were prepared from the same initial cobalt complex
[(HMTETA)CoII(CH3CN)2]2+ (1) [Supporting Information
and Experimental Section (ES), Figure S1] (Scheme 1,
reactions a and b). Furthermore, we have explored the
reactivity of 2 and 3 with NO and O2

•− (KO2/18-crown-6),
respectively, to follow and identify the NOO reaction products.
Complex 2 forms NOD product CoII-nitrato complex,
[(HMTETA)CoII(NO3

−)]+, (CoII−NO3
−, 4) on reacting

with NO (Scheme 1, reaction c) via a plausible O-bound
PN10e,15,20a−c (Co-O-PN or Co−OONO) intermediate. While
3 produces NOM product, CoII-nitrito complex,
[(HMTETA)CoII(NO2

−)]+, (CoII−NO2
−, 5) (Scheme 1,

reaction d) via a plausible N-bound PN11b,16,19a−f (Co-N-PN
or Co−ONOO). Furthermore, the phenol nitration using the
2,4-DTBP confirms the formation of a proposed PN-
intermediate in both NOD and NOM reactions. Mechanistic
studies using 15NO showed the formation of CoII−15NO3

− and
CoII−15NO2

−, confirming that the N-atom came from the NO
moiety, while experiments performed using 18O2

•− and 16O2
•−

established that the O-atom of O2 comes from superoxide
anion. In addition, complexes 4 and 5 showed the formation of
initial complexes 2 and 3 upon reaction with H2O2/Et3N and
NO, respectively (Scheme 1, reactions e and f).

■ RESULTS AND DISCUSSION
Synthesis of CoIII-Peroxo [(HMTETA)CoIII(O2

2−)]+ (2)
and Co-Nitrosyl {CoNO}8 (3) Complexes. The primary
CoIII-peroxo complex, [(HMTETA)CoIII(O2

2−)]+ (2), was
prepared by reacting CoII-complex, [(HMTETA)-
CoII(CH3CN)2]2+ (1), with a mixture of 5 equiv H2O2 and
2.5 equiv Et3N in CH3CN at −40 °C (Scheme 1, reaction a;
also see Supporting Information & ES).10a,21 Furthermore, 2
was characterized using various spectroscopic tools, including
DFT optimized structure. The UV−vis absorption band of 1
(λmax = 510 nm, ε = 20 M−1 cm−1) changed to a new band
(λmax = 580 nm, ε = 75 M−1 cm−1) upon reaction with H2O2
and Et3N in CH3CN at −40 °C, suggesting the formation of 2
(Figure 1a, Supporting Information, Figure S2a). The wide

range 1H NMR spectrum of 2 confirms a magnetically active
Co-ion in the complex 2 (Supporting Information, Figure
S2b). Evans method suggested the presence of a high spin
CoIII-ion (S = 2) in 2 as the calculated magnetic moment was
found to be 4.8 BM (Supporting Information, ES and Figure
S2c). Electrospray ionization mass spectrum (ESI-MS) of 2
showed a prominent peak at m/z 321.17, and its mass and
isotope distribution pattern corresponds to [(HMTETA)-
CoIII(O2

2−)]+ (calcd m/z 321.17) (Figure 1a; Supporting

Scheme 1

Figure 1. (a) UV−vis spectra of 1 (1 mM, Black line) and 2 (1 mM,
red line) in CH3CN at −40 °C. Inset: isotopic distribution pattern for
2 (red line) and (b) DFT-optimized structures of 52hs state. (c) UV−
vis spectra of 1 (0.1 mM, black line) and 3 (0.1 mM, Red line) in
CH3CN at −40 °C under an Ar atmosphere. Inset: isotopic
distribution pattern for 3 (red line). (d) DFT-optimized structures
of 33is state.
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Information, Figure S2d). Additionally to the above exper-
imental characterization, the electronic structure of 2 was
determined by DFT calculations, suggesting a distorted
octahedral geometry with an S = 2 ground state (Figure 1b).
The CoIII-center has an electronic configuration as follows
(δxy)1 (σz2*)2 (πyz*)1 (πxz*)1 (σx2−y2*)1 for the 52hs (Supporting
Information, Figure S3). The spin density plot suggests that
the σz2* orbital has two electrons, and the other four orbitals
have singly occupied orbitals, i.e., the spin density plot
resembles the cubic shape. Meanwhile, Co-peroxo with similar
ancillary ligands [(12TMC)Co(O2

2−)]+ has been reported to
be a low-spin complex and was found to be stable in
comparison to 2.10a,23

In addition, we prepared the {CoNO}8 (3) complex by
purging NO gas to the CH3CN solution of 1 under Ar at −40
°C.24 UV−visible spectral analysis showed the formation of a
new band at λmax = 330 nm (ε = 7000 M−1 cm−1) when 1
reacted with NO and was found to be stable for 1 h under Ar
at −40 °C (Figure 1c, Supporting Information, Figure S4a).
Solution FT-IR spectrum of 1 + NO showed a peak at 1715
cm−1, suggesting a {CoNO}8 (3), as reported in our previous
reports (Supporting Information, Figure S4b).10a,22,25 ESI-MS
spectra showed a peak at 638.34, and its isotopic distribution
pattern corresponds to {[HMTETA)Co(NO)](BPh4)}+
(calcd m/z 638.34) (Supporting Information, Figure S4c).
1H NMR spectrum of 2 showed a wide range nice proton
signals for the HMTETA ligand (Supporting Information,
Figure S4d), confirming a paramagnetic Co-center. To
understand the magnetic behavior, we have determined the
spin-state of the Co-center in 3 by calculating the magnetic
moment using Evans’ method and found to be 2.90 BM,
proposing a high spin Co-ion (S = 1) (Figure S4e). While
{CoNO}8 with similar ancillary ligands [(12TMC)Co(NO)]2+
has been reported to be a low-spin complex with S = 0.11,22c

We attempted to grow the single crystal to determine the
structure of 3 but failed even after multiple attempts. Hence,
we have performed the DFT calculations to obtain the
geometrical details and the spin state. DFT structural analysis
showed that 3 is a distorted trigonal bipyramidal (Figure 1d)
with an intermediate spin Co-center (S = 1), similar to what
we observed experimentally. The Co center has an electronic
configuration as follows (δxy)2 (πxz*)1 (σx2−y2*)1 (πyz*)2 (σz2*)0
for the 33is (Supporting Information, Figure S5).
NOD Reaction of CoIII-Peroxo Complex (2). To follow

the NOO reaction of CoIII-peroxo species, we reacted 2 with
NO to understand the reaction mechanism and determine the
reaction products. Upon addition of an equimolar amount of
NO (NO saturated CH3CN solution) to 2, the typical
absorption bands of 2 (λmax = 580 nm) transformed to a
new band (λmax = 560 nm), which suggests the formation of a
new species (4) in CH3CN at −40 °C under Ar (Figure 2a;
Supporting Information, ES, Figure S6). Using various
spectroscopic measurements and single-crystal X-ray structural
determination (vide infra), complex 4 was determined to be
[(HMTETA)CoII(NO3

−)]+. The FT-IR spectrum of 4 showed
a characteristic peak for CoII-bound NO3

− stretching at 1384
cm−1 and shifted to 1350 cm−1 (15NO3

−) when 4 was
generated in the reaction of 15N-labeled NO and 2 (inset:
Figure 3a; Supporting Information, Figure S7a,b), suggesting
that the NO3

− moiety’s N-atom is derived from NO ligand.
The ESI-MS spectrum of the reaction mixture showed a
distinct peak at m/z 351.12, [(HMTETA)CoII(14NO3

−)]+
(calcd m/z 351.17) (Figure 2b), and shifted to 352.15,

[(HMTETA)CoII(15NO3
−)]+ (calcd m/z 352.17) (inset:

Figure 2b; Supporting Information, Figure S8). The 1H
NMR suggests a magnetically active Co-center and the same
was confirmed using the Evans method, which indicates the
presence of a high-spin CoII-center (S = 3/2) with a magnetic
moment of 3.77 BM (Supporting Information, ES, Figure S9).
Using a modified Griess reagent, the yield of NO3

− formed in
the NOD reaction of 2 was determined to be 88 (±2) %
(Supporting Information, ES, Figure S10). The UV−vis
spectrum of the isolated product of the reaction mixture of 2
+ NO was compared with an authentic sample (prepared from
1 + NO3

−), confirming the formation of 4 (Supporting
Information, ES, Figure S11). The final structure details of 4
were confirmed using single-crystal X-ray diffraction, which
showed a bidentate NO3

− coordination to the Co-enter with
different Co−O and Co−N bond lengths, contributing to a
distorted octahedral geometry (Figure 3, Supporting Informa-
tion, ES, Figure S12, and Tables T1 and T2).10a

As per the previous reports, the NOD reaction of 2 is
expected to proceed through the presumed O-bound [Co-O-
PN]+ intermediate.10a,e,11,15,20a−c However, our efforts to
follow/characterize it were futile because of its instability.
Alternatively, the formation of a PN intermediate in the

Figure 2. (a) Changes in the UV−vis spectra of 2 (1 mM, black line)
when exposed to NO at −40 °C under Ar in CH3CN. In this reaction,
black line (2) changed to a red line (4). Inset: FT-IR spectra
4-14NO3

− (red line) and 4-15NO3
− (blue line) recorded in KBr. (b)

We observed a peak at 351.12, assigned to [(HMTETA)-
CoII(NO3

−)]+ (calcd m/z 351.17) in the ESI-MS spectrum of 4.
Isotopic distribution patterns for 4-14NO3

− (red line) and 4-15NO3
−

(blue line) shown in the inset.

Figure 3. Displacement ellipsoid plot (40% probability) of 4 at 100 K.
Anion and H-atoms have been removed for clarity.
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reaction mixture was confirmed by using the DTBP ring-
nitration test.10a,11,16b,19c,k,26 The generation of sufficient
amounts of NO2-2,4-DTBP (2,4-di-tert-butyl-6-nitrophenol)
and 2,4-DTBP-D (3,3′,5,5′-tetra-tert-butyl-[1,1′-biphenyl]-
2,2′-diol) (Supporting Information, ES, Figure S13) actively
supports the formation of the proposed [Co-O-PN]+
intermediate and proposed mechanism of reaction10e,15,20a−c

in the above reaction (Scheme 2, reactions a and e). In

addition, the above reaction was performed in the presence of
tetrabutylammonium chloride (TBACl), which showed a
higher yield of NO2-2,4-DTBP [∼80 (±2) %], suggesting
the release of the PN moiety from Co-center as observed
previously (Supporting Information, ES).19c Furthermore, we
treated 4 with a mixture of H2O2 & Et3N (Scheme 2, reaction
c), and the reaction was monitored using UV−vis spectrosco-
py, which showed the formation of 2 (Supporting Information,
ES, Figure S14). The generation of the initial CoIII-peroxo
suggests that the NOD product has an ionizable/solvable
NO3

− anion, as observed in one of our previous report.10a

NOM Reaction of Co-Nitrosyl Complex {CoNO}8 (3).
To understand the effect of the mode of coordinating species,
we explored the reaction of 3 with O2

•−, an isoelectronic
reaction system [CoIII−O2

2− + NO (total e− count = 57) =
{CoNO}8 + O2

•− (total e− count = 57)] to the 2 + NO. In the
NOO reaction of 3 with O2

•−, we observed the generation of
5. The characteristic UV−vis absorption bands of 3 (λmax =
330 nm) transformed to a new band (λmax = 350 nm) within
20 min in CH3CN at −40 °C under Ar (Figure 3a; Supporting
Information, Figure S15). Complex 5 was characterized to be
[(HMTETA)CoII(NO2

−)]+ (NOM product) with the help of
various spectroscopic tools, along with its structure using
single-crystal X-ray diffraction (Scheme 2, reaction b). The FT-
IR spectra of 5 showed a distinct peak for NO2

− stretching at
1270 cm−1, which changed to 1246 cm−1 (15NO2

−) when the
reaction was performed using 15N-labeled {Co15NO}8 and
O2

•− (inset: Figure 4a, Supporting Information, Figure
S16a,b). This shifting of 24 cm−1 undoubtedly supports that
the NO2

− moiety’s N-atom is derived from the NO ligand of 3.
The ESI-MS spectrum of the above reaction mixture showed a
distinct peak at m/z 335.17, [(HMTETA)CoII(14NO2

−)]+
(calcd m/z 335.17) (Figure 4b), and shifted to 336.12,
[(HMTETA)CoII(15NO2

−)]+ (calcd m/z 336.12) (inset:
Figure 4b, Supporting Information, Figure S17). The 1H
NMR spectrum suggests a high-spin CoII-center (S = 3/2),

confirmed using the Evans method, and showed a 3.95 BM
magnetic moment (Supporting Information, ES, Figure S18).
Using Griess reagent, the yield of NO2

− formed in the reaction
mixture was calculated to be 92 (±2) % (Supporting
Information, ES, Figure S19). The UV−vis spectrum of the
isolated product of the reaction mixture of 3 + O2

•− was
compared with an authentic sample (prepared from 1 +
NO2

−), confirming the formation of 5 (Supporting Informa-
tion, ES, Figure S20). Finally, the structural arrangement of the
different atoms in 5 was determined by its single-crystal X-ray
diffraction, which showed a distorted octahedral geometry
around the Co-center (Figure 5a, Supporting Information, ES,
Figure S21, and Tables T1 and T2).10a,22a,c The structure
clearly shows that the bond length of the Co−O1 (2.205 Å)
and Co−O2 (2.131 Å) suggests a different mode of
coordination.
Dioxygen was determined as the side product in the reaction

of 3 with O2
•− and believed to be formed via a proposed

transient N-bound [Co-N-PN]+ intermediate (Scheme 2,
reaction b). To confirm O2 formation, we followed it using
the gas-mass analyser for the reaction of 3 with 16O2

•− from
the headspace of the reaction flask and observed the formation
of 16O2 (Figure 5b), suggesting a presumed metal-PN
intermediate as reported CuII−PN,17,19c,27 CoII−PN,11b and
in aqueous PN chemistry.28 Formation of O2 from CoII−PN
might follow a couple of steps (Scheme 3), as discussed by
Karlin and co-workers.11b As discussed above, the reaction of 3
with O2

•− should proceed via a PN intermediate. To further
confirm that the O2 is not generated via the decomposition of
O2

•−, we performed two control experiments, i.e., the reaction
of 3 with (i) 18O2

•− and (ii) 16O2
•−/18O2

•− (1:1). In these
reactions, we observed the formation of a significant amount of
(i) 18O2 (Figure 5c) and (ii) a mixture of 18O2 + 18O16O +
16O2 (Figure 5d), respectively. Furthermore, the yield of O2
was calculated by GC-mass analysis of the head space gas of
the reaction sample vial and found to be 30%. We could not

Scheme 2

Figure 4. (a) Changes in the UV−vis spectra of 3 (0.1 mM, Black
line) in the presence of O2

•− under Ar at −40 °C in CH3CN. In this
reaction, black line (3) changed to a red line (5). Inset: FT-IR spectra
5-14NO2

− (red line) and 5-15NO2
− (blue line) recorded in KBr. (b)

We observed a peak at 335.17, assigned to [(HMTETA)-
CoII(NO2

−)]+ (calcd m/z 335.17) in the ESI-MS spectrum of 5.
Isotopic distribution patterns for 5-14NO2

− (red line) and 5-15NO2
−

(blue line) are shown in the Inset.
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follow the proposed [Co-N-PN]+ spectroscopically; however,
indirectly confirmed by the DTBP ring-nitration test.10a Also,
exploring the same reaction in the presence of TBACl showed
a higher yield of NO2-2,4-DTBP [∼75 (±2) %], supporting
the PN moiety release from Co-center (Supporting Informa-
tion, ES).19c The formation of NO2-2,4-DTBP in sufficient
amounts (Supporting Information, Figure S22) demonstrates
the proposed [Co-N-PN]+ intermediate in the reactions of 3
with O2

•− (Scheme 2, reactions b and e). The above
experimental finding supports our proposed mechanism of
the generation of a proposed [Co-N-PN]+ (Scheme 2, reaction
b), which suggests the O−O bond homolytic cleavage in the
PN intermediate, then O−O bond formation generating O2
(Scheme 2, reaction b).10a,11,16b,19c,k,26,28 These experiments
confirm that the NOO reaction of 3 is a NOM reaction
generating CoII−NO2

− and 1/2 O2 molecule as reported
previously.10a,11,16b,19c,k,26,28 This result is believed to follow
the same reaction pathways as reported by Nam and co-
workers, where a low spin {CoNO}8 (S = 0) upon reaction
with O2

•− generated the CoII−NO2
− + O2 via the similar

proposed [Co-PN]+.11 Even though the spin state of Co-center

in 3 is S = 1, different from {CoNO}8 (S = 0) reported by
Nam and co-workers,11 the NOO reaction was found to be
independent of the spin state of the Co-center. Furthermore,
we treated 5 with NO under Ar and followed the reaction with
UV−vis measurements, showing the formation of 3 (Figure
S23). This reaction confirms that the 5 has the ionizable/
solvable NO2

− anion, which in the presence of NO generates
the {CoNO}8 compound as observed in a previous report.10a

■ CONCLUSIONS
In this report, we have explored the NOO reactions of CoIII-
peroxo, [(HMTETA)CoIII(O2)]+ (CoIII−O2

2−, 2), and Co-
nitrosyl, [(HMTETA)CoNO]2+ ({CoNO}8, 3), complexes
bearing a common HMTETA ligand. As per the reports on N-
bound and O-bound PN intermediate, the binding mode of the
PN moiety with the metal center decides the transformation of
PN to NO3

− or NO2
−.10e,11b,15,16,19a−f,20a−c Here, we observed

that the NOO reaction of 2 leads to the formation of the NOD
product, CoII−NO3

− (4), and is supposed to proceed via the
presumed [Co-O-PN] intermediate, similar to the NOD
reactivity in the biological systems7a and observed in other
examples.10e,15,20 The O-coordinated [M-O-PN] (M = Fe, Co,
Cu) are known to generate NO3

−, as the same observed in the
reaction of 2 + NO.10e,15,20a−c In contrast to NOD of 2, the
NOO reaction of 3 with O2

•− produces the NOM product,
CoII−NO2

− (5), with O2 evolution. NOM reaction of 3
possibly proceeds via the presumed N-coordinated [Co-N-PN]
intermediate, as [M-N-PN] adduct produced from the M-NO
({FeNO}7/8,{CoNO}8/9) form M-NO2

− + 1/2 O2 and also
observed in other examples.11b,16,19a−f Labeling experiments
using 18O2

•− and 16O2
•−/18O2

•− (1:1), undoubtedly support
our proposed reaction sequences, where the O−O bond
homolysis of PN moiety generates O2, as reported in the earlier
example.10a,11,16b,19c,k,26,28 These reactions are believed to be
regulated by the mode of the coordinating of PN in the [M-
PN]+ intermediates.10e,11b,15,16,19a−f,20a−c 2,4-DTBP ring nitra-
tion test supports the formation of proposed PN intermediate
in the NOO reactions of 2 and 4. Furthermore, the source of
N-atom in CoII−NO3

− (4) and CoII−NO2
− (5) is derived

from NO and supported by 15N-labeling of 15NO using FT-IR
and mass spectrometry data. Observing two different products
in the NOO reaction of Co−O2

2− and {CoNO}8 bearing the
same ligand framework is interesting. The mode of
coordination and the isomerization of the proposed [M-
PN]+ intermediates’ PN moieties are considered important in
product determination.
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