
Dalton
Transactions

PAPER

Cite this: Dalton Trans., 2025, 54,
7793

Received 2nd January 2025,
Accepted 6th April 2025

DOI: 10.1039/d5dt00009b

rsc.li/dalton

Reaction of a non-heme iron-nitrosyl with
dioxygen: decomposition of the ligand through
NOD-like activity†

Riya Ghosh, Rakesh Mazumdar, Bapan Samanta, Shankhadeep Saha and
Biplab Mondal *

A high-spin iron(II) nitrosyl, [(TPz)Fe(NO)](ClO4)2, 2 (TPz = Tris(3,5-dimethylpyrazol-1-ylmethyl)amine)

with an {Fe(NO)}7 configuration was synthesized and characterized structurally. The dioxygen reactivity of

complex 2 in acetonitrile solution results in the oxidation of the ligand. Chemical evidence suggests the

involvement of a peroxynitrite intermediate in this reaction. A trapping experiment shows the formation of

NO2 during the reaction which supports the proposition of the involvement of the peroxynitrite inter-

mediate. This study gives an insight into an alternate possibility from the dioxygen reactivity of metal-

nitrosyl leading to nitric oxide dioxygenase (NOD) activity.

Introduction

Nitric oxide (NO), being an important molecule in mammalian
biology, has attracted huge research activity since its discovery
as a signaling molecule.1–3 The overproduction of NO can be
lethal due to the formation of secondary reactive nitrogen
species (RNS) such as nitrogen dioxide (NO2) and peroxynitrite
(OONO−).4,5 The concentration of NO in vivo is regulated by
the enzymes nitric oxide dioxygenases (NODs). It is known
that in NOD activity, the oxy-heme (i.e., iron(III)-superoxo)
species of the NODs reacts with NO and forms the biologically
benign nitrate (NO3

−) ion.6,7 This reaction presumably pro-
ceeds through a peroxynitrite intermediate, FeIII-(OONO−). It is
proposed that an oxo-ferryl, [FeIV(O)], species formed in the
reaction via the homolytic cleavage of the O–O bond of the
FeIII-(OONO−) intermediate (Scheme 1).

Such an oxo-ferryl species has been evidenced spectroscopi-
cally in the reaction of myoglobin with OONO− ions.8

Although, in the literature, the involvement of a proposed
metal-peroxynitrite species was exemplified in the reactions of
NO with a metal–oxygen adduct or in the reactions of metal-
nitrosyls with reactive oxygen species (O2, O2

•−, O2
2−), direct

evidence is still elusive.9–16 This is because of the very short
life time of metal-peroxynitrite. In addition, evidence for the

formation of high valent metal-oxo species from the homolytic
O–O bond cleavage of the metal-peroxynitrite intermediate is
also scarce because of the very fast recombination of the
metal-oxo species with NO2 in the reaction cage to result in
NO3

−.
Peroxynitrite, being a strong oxidizing/nitrating agent, cata-

lyzes the oxidation and/or nitration of various biological sub-
strates like lipid, protein (specifically tyrosine) etc. The tyrosine
nitration by peroxynitrite is, in fact, used as a marker for NO
metabolism in biological systems. In small molecule model
studies, the existence of a short-lived peroxynitrite intermedi-
ate is authenticated using this tyrosine (phenol ring) nitration
test. However, in no case with a heme group, the nitration of
the porphyrin ring has been reported.12,14–16c–e Similarly, the

Scheme 1
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oxidation/nitration of the ligand framework is also not known
in the reaction of non-heme models where a putative peroxy-
nitrite is presumed. As such, no metal nitrosyl is known
which, by itself, undergoes ring/ligand nitration/oxidation in
the presence of dioxygen.

Herein, we report the dioxygen reactivity of a non-heme
iron-nitrosyl complex which presumably results in the for-
mation of a metal peroxynitrite intermediate. This has been
authenticated by the characteristic ring nitration of the exter-
nally added phenolic substrate. In the absence of the phenolic
substrate, ligand modification has been observed which is a
rare event in the chemistry of dioxygen reactivity of metal
nitrosyl. A trapping experiment suggests the formation of NO2

in the reaction which is expected from the decomposition of a
metal-peroxynitrite intermediate (Scheme 1).

Results and discussion

Ligand TPz (TPz = Tris(3,5-dimethylpyrazol-1-ylmethyl)amine)
was synthesized following an earlier report (Experimental
section; ESI, Fig. S1–S7†).17 The metal complex, [FeII(TPz)
(CH3CN)(H2O)](ClO4)2, 1 was prepared by stirring an equi-
molar mixture of TPz and [FeII(CH3CN)4(ClO4)2] in dry aceto-
nitrile under an Ar atmosphere (Experimental section). The
precursor complex 1 was characterized spectroscopically and
by its X-ray single crystal structure determination (ESI, Fig. S8–
S12†). Addition of NO gas to the dry and degassed acetonitrile
solution of complex 1 leads to the formation of the green

colored complex 2, [Fe(TPz)(NO)(CH3CN)](ClO4)2
(Experimental section). Complex 2 having {Fe(NO)}7 configur-
ation was isolated as a solid and structurally characterized
(ESI, Fig. S13–S15†). The ORTEP diagram of complex 2 is
shown in Fig. 1. The crystal structure shows that the iron
center is coordinated with four N atoms from the TPz ligand,
one acetonitrile, and one NO group in a distorted octahedral
geometry. It would be worth mentioning here that analogous
nitrosyl complexes of Fe with the same ligand framework,
[(TPz)Fe(NO)(OClO3)]

+ and [(TPz)Fe(NO)(Cl)]+, were reported
earlier.18 In both the cases, the iron center was coordinated
with a counter anion along with the ligand and NO group.

In complex 2, the Fe–NNO distance is 1.732 Å. The N–O dis-
tance and Fe–N–O bond angle are 1.132 Å and 174.2°, respect-
ively. The parameters are slightly different from those of the
perchlorate anion coordinated nitrosyl complexes reported
earlier (Table 1).18 For instance, in complexes [(TPz)Fe(NO)
(OClO3)]

+/[(TPz)Fe(NO)(Cl)]+ the Fe–NNO distance is 1.767/
1.735 Å, the N–O distance is 1.103/1.15 Å and the Fe–N–O
angle is 162.5°/157.1°.18 In [Fe(TPA)(NO)( BenzFor)]+ (BenzFor
= benzoylformate), the Fe–NNO distance is 1.70 Å, the N–O dis-
tance is 1.15 Å and the Fe–N–O angle is 162°.19a It is evident
that Fe–N–O is more linear in the case of complex 2 than those
reported earlier. The nitrosyl stretching frequency for complex
2 appeared at 1790 cm−1 (ESI, Fig. S13†) which matches well
with the reported ones.18,19 The X-band EPR spectrum of
complex 2 displays two sets of signals at g ∼ 4.11 and 2.04
corresponding to the near axial high spin (s = 3/2) iron(II) nitro-
syl (ESI Fig. S15†).20 The sharp isotropic signal near g = 2 is

Fig. 1 ORTEP diagram of complex 2 (30% thermal ellipsoid plot, H atoms are omitted for clarity).

Table 1 List of bond lengths, angles and stretching frequency for reported analogous iron-nitrosyls

Compound Fe–NNO length (Å) N–O length (Å) Fe–N–O angle (°) ν(NO) in cm−1 Ref.

[(TPz)Fe(NO)(OClO3)]
+ 1.767 1.103 162.5 — 18b

[(TPz)Fe(NO)(Cl)]+ 1.735 1.15 157.1 1796 18b
[Fe(TPA)(NO)(BenzFor)]+ 1.722 1.152 159.2 1794 19a
[Fe(TPA)(NO)(OTf)](OTf) 1.755 1.144 170 1806 19b
[Fe(TPz)(NO)(CH3CN)]

2+ 1.732 1.132 174.2 1790 This work
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perhaps due to the presence of a very small amount of S = 1
2

impurity. In the cases of [Fe(TPA)(NO)(BenzFor)]+ and [Fe
(6TLA)(NO)(BenzFor)]+ these resonances appear at g = 4.05,
3.87, 1.99 and g = 4.02, 3.93, 1.95, respectively.19

Dioxygen reactivity of complex 2

In the UV-visible spectrum, complex 2 exhibited characteristic
absorption bands at 610 nm (ε/M−1 cm−1, 586), 351 nm (ε/M−1

cm−1, 4899) and 249 nm (ε/M−1 cm−1 20833). The addition of
O2 gas to the degassed acetonitrile solution of complex 2 at
room temperature resulted in the increase of the intensity of
the 351 nm band with a simultaneous decrease of the intensity
of the 610 nm band with respect to time and resulted in the
final product within 5 minutes (Fig. 2). The final product was
isolated as a solid and characterized spectroscopically as the
corresponding nitrate complex, 3 (ESI, Fig. S17–S19†). The
1384 cm−1 band in the FT-IR spectrum of complex 3 suggested
the presence of a nitrate (NO3

−) group (ESI, Fig. S17†).21

In FT-IR spectroscopic monitoring, addition of O2 gas into
the degassed acetonitrile solution of complex 2 resulted in the
disappearance of the NO stretching frequency at 1799 cm−1

while a new band appeared at 1835 cm−1 simultaneously
(Fig. 3).

The intensity of this stretching frequency was found to
decay with time and finally disappeared, suggesting the for-
mation of an unstable intermediate. Fe(II) complexes in both
the heme and non-heme frameworks are known to react with
O2 leading to the formation of the corresponding [FeIII(O2

−)]
species where the metal center is oxidized by one unit.7b In
general, metal-superoxide type adducts exhibit ν(O2) in the
range of 1200–1070 cm−1 and metal-peroxo adducts display O–
O stretching in the range of 930–740 cm−1.22,23 However, no
such characteristic stretching was observed in this case except
for a weak stretching at 1018 cm−1. This 1018 cm−1 is a bit
lower for a metal-superoxide and in the higher side for metal-

peroxo adducts. In addition, when the reaction was carried out
with 18O2, the NO stretching frequency was found to shift to
1835 cm−1, as expected, but no change was observed for the
stretching at 1018 cm−1, suggesting its non-O–O nature. On
the other hand, in the literature, the nitrosyl stretching fre-
quency in {Fe(NO)}6 is reported to appear at ∼1830 cm−1.24

Thus, the 1835 cm−1 band can be attributed to the nitrosyl
stretching of the {Fe(NO)}6 moiety which is formed upon the
reaction of {Fe(NO}]7 with O2. This was further confirmed by
the 15NO labelling experiment where the band was found to
appear at 1801 cm−1. It would be worth mentioning here that
the structurally characterized non-heme {Fe(NO)}6 complex,
[Fe(TMG3tren)(NO)]

3+, displays nitrosyl stretching at
1879 cm−1.24b Spectroscopic and theoretical studies suggest
that the electronic structure can be best explained by a high-
spin Fe(IV) coordinated to a triplet NO− unit.24b Considering
the spectral evidence, it is logical to assume that the reaction
of complex 2 with O2 results in the formation of [FeIII(NO)]3+

and O2
− which are present in the reaction cage, but the O2

− is
not coordinated to the metal center (Scheme 2).

When the reaction was carried out at −40 °C the same spec-
tral changes were observed in UV-visible and FT-IR spectro-
scopic studies. Upon keeping the reaction mixture in a freezer
for 2 days, white crystals of the modified ligand (L′) and a
brown precipitate of complex 4, [Fe(OH)3] (isolated in poly-
meric form), were obtained. They were characterized using
various spectroscopic methods (Experimental section; ESI,
Fig. S20–S26†) and by single crystal structure determination.
The perspective ORTEP view of L′ is shown in Fig. 4.

Interestingly, when the reaction mixture was warmed up to
room temperature quickly, [(TPz)FeIII(NO3)](ClO4)2, complex 3,
was obtained as a final product.

NO and O2
− ions are believed to react to result in a peroxy-

nitrite (OONO−) intermediate. We propose that the reaction of
complex 2 with O2 leads to the initial formation of {[(TPz)

Fig. 2 UV-visible spectra of the reaction of complex 2 (thick black
trace) with O2 and formation of complex 3 (red trace) [inset: complex 2
(black), after O2 addition] in acetonitrile at room temperature.

Fig. 3 FT-IR spectra of the reaction of complex 2 with O2 in acetonitrile
medium [complex 2 (black), after O2 addition (red)].
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FeIII(NO)]3+·(O2
−)} in the reaction cage as an intermediate

which subsequently forms the corresponding peroxynitrite
intermediate [(TPz)FeIII(OONO−)]2+ (Scheme 2). The peroxy-
nitrite intermediate decomposes leading to the corresponding
oxo-ferryl, [(TPz)FeIV(O)]2+ species and NO2. They recombine
very fast in a quick warm up process and result in complex 3.

However, when the reaction mixture was kept in the freezer for
a couple of days, L′ was formed.

It was reported earlier that the methylene group in a pyrazo-
lyl moiety, in the presence of a radical initiator, results in the
corresponding radical.25 In the present case, [(TPz)FeIV (O)]2+

abstracts a H• from the methylene carbon of the pyrazolyl

Scheme 2 Overall reaction.

Fig. 4 ORTEP diagram of the modified ligand (L’) (30% thermal ellipsoid plot, H atoms are omitted for clarity).
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group and the corresponding radical is formed. This radical
then reacts with NO2 resulting in L′. To support this finding, a
few control experiments have been carried out. When 2,4-
ditertiarybutylphenol was added in the reaction mixture as
external substrate, 2,4-ditertiarybutyl-6-nitrophenol (ca. 65%)
was obtained along with [(TPz)FeIII(OH)]2+, 5 (Experimental
section; ESI, Fig. S27–S32†). This is because, in the presence of
an external electron rich phenolic substrate, the oxo-ferryl
moiety reacts with the substrate to form a phenoxyl radical
and [(TPz)FeIII(OH)]2+, 5. The phenoxyl radical then combines
with NO2 to afford the nitrophenol product (Scheme 2), as
expected. This experiment, in turn, supports the proposition
of the formation of a peroxynitrite intermediate. If the reaction
proceeds through a pathway as proposed in Scheme 2, the
presence of a substrate which can react with NO2 is expected to
inhibit the formation of L′. When the reaction was carried out
in the presence of TEMPO, the formation of L′ was not
observed. Complex 5 and 2,2,6,6-tetramethylpiperidin-1-ium
nitrate (tmpH2

+)(NO3
−) were isolated from the reaction

mixture. Spectroscopic characterization and single crystal X-ray
structure determination confirm the formulation of (tmpH2

+)
(NO3

−) (Experimental section; ESI, Fig. S33 and S34†). The
ORTEP diagram is shown in Fig. 5.

Thus, while we do not have any spectroscopic evidence for
the formation of the peroxynitrite intermediate, based on the
control experiments, the formation of a peroxynitrite inter-
mediate in the reaction is presumed.

Experimental section
Materials and methods

All chemicals and solvents were of commercially available
quality and used without further purification, unless otherwise
mentioned. Anhydrous [FeII(CH3CN)4(ClO4)2] was prepared

using a previously reported procedure.26 Acetonitrile was dis-
tilled over phosphorus pentoxide under Ar. Diethyl ether was
distilled with sodium metal and benzophenone. All the dry sol-
vents were stored over 4 Å molecular sieves under inert con-
ditions. Deoxygenation of the solvent and solutions was
effected by repeated vacuum/Ar purge cycles or bubbling with
Ar for 30 min. All the reactions were performed under inert
conditions unless specified. UV-visible spectra were recorded
on an Agilent Technologies Cary 8454 UV-visible spectrophoto-
meter by preparing a known concentration of the samples in
acetonitrile solution at room temperature (25 °C) using a
quartz cuvette of 1 cm width. FT-IR spectra of the samples
were taken on a PerkinElmer spectrophotometer at room temp-
erature with samples prepared either as KBr pellets by grinding
the sample with KBr (IR-grade) or in acetonitrile solution in a
KBr cell. 1H and 13C NMR spectra were collected in 400 MHz
Bruker AVANCE 400 and 500 MHz Bruker AVANCE NEO 500
FT-NMR spectrometers. Chemical shifts were reported as δ

(ppm) values relative to an internal standard (tetramethyl-
silane) and the residual solvent peaks. The X-band electron
paramagnetic resonance (EPR) spectra were recorded on a
JEOL JES-FA200 ESR spectrometer, at 77 K with a microwave
power of 0.998 mW and a microwave frequency of 9.14 GHz.
Mass spectra were measured in HPLC grade acetonitrile
solution.

Single crystals of all complexes suitable for X-ray crystallo-
graphic analysis were obtained by layering of diethyl ether into
the acetonitrile solution. The intensity data were collected
using a Bruker SMART APEX-II CCD diffractometer, equipped
with fine focus 1.75 kW sealed tube MoKα radiation (λ =
0.71073 Å) at 293(3) K, with increasing ω (width of 0.3° per
frame) at a scan speed of 3 s per frame. The SMART software
was used for data acquisition. Data integration and reduction
were undertaken with SAINT and XPREP software.27 Multi-scan
empirical absorption corrections were employed to the data
using the program SADABS.28 Structures were solved by direct
methods using SHELXS-2016 and refined with full-matrix least
squares on F2 using SHELXL-2016/6.29 Structural illustrations
have been drawn with ORTEP-3 for Windows.30

Syntheses

Tris(3,5-dimethylpyrazol-1-ylmethyl)amine, TPz. The ligand
TPz was synthesized following a previously reported pro-
cedure.17 Elemental analyses of C18H27N7, calcd (%): C, 63.32;
H, 7.97; N, 28.71, found (%): C, 63.56; H, 7.81; N, 28.34. FT-IR
(in KBr): 2922, 1555, 1461, 1313, 1186, 1103, 1029 and
779 cm−1. 1H NMR (400 MHz, CDCl3): δppm, 5.76 (s, 3H), 4.96
(s, 6H), 2.18 (s, 9H), 1.82 (s, 9H); 13C NMR (100 MHz, CDCl3):
δppm, 147.6, 140.1, 105.9, 62.4, 13.3, 9.9. ESI-mass (m/z): calcd:
341.46, found: 342.24 (M + 1), 364.23 (M + Na)+.

[FeII(TPz)(CH3CN)(H2O)](ClO4)2, 1. [Fe(CH3CN)4(ClO4)2]
(0.210 g, 0.5 mmol) was dissolved in dry and degassed aceto-
nitrile.26 The solution of the ligand TPz (0.170 g, 0.5 mmol) in
acetonitrile medium was also degassed under an Ar atmo-
sphere. After that, two solutions were mixed and the color of
the solution became pale yellow. The solution was stirred for

Fig. 5 ORTEP diagram of (tmpH2
+)(NO3

−) (30% thermal ellipsoid plot,
H-atoms are omitted for clarity).
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30 minutes under an argon atmosphere. After that the solution
was layered with diethyl ether and kept in a refrigerator. After
1day a white crystalline precipitate of complex 1 was formed
with ∼62% yield (0.21 g). Elemental analyses of
C20H32N8O9Cl2Fe, calcd (%): C, 52.64; H, 7.07; N, 24.55, found
(%): C, 52.35; H, 7.28; N, 24.82. FT-IR (in KBr): 1637, 1555,
1464, 1423, 1395, 1313, 1274, 1145, 1117, 1084, 886, 806, 636
and 626 cm−1. UV-visible (CH3CN) 836 nm (ε/M−1 cm−1, 462)
and 328 nm (ε/M−1 cm−1, 4850). ESI-mass (m/z): calcd: 198.58,
found: 198.61 for [FeTPz]2+.

[FeII(TPz)(NO)(CH3CN)](ClO4)2, 2. Complex 1 (0.65 g,
1 mmol) was dissolved in 10 mL dry and degassed acetonitrile.
To this solution NO gas was purged for 3 minutes until the
color changed to dark green. The next day excess NO gas was
removed by applying several cycles of vacuum/Ar purged. Then
the solution was layered with diethyl ether and after a few
days green crystals of complex 2 were obtained. The same
procedure has been used to prepare the 15-nitrogen labelled
complex 2. Yield: 0.48 g (∼73%). Elemental analysis of
C20H30N9O9Cl2Fe, calcd (%): C, 36.00; H, 4.53; N, 18.89, found
(%): C, 36.35; H, 4.20; N, 18.09. FT-IR (in KBr): 1789, 1617,
1554, 1465, 1421, 1391, 1313, 1274, 1248, 1140, 1113, 1088, 940,
887, 805 and 626 cm−1; FT-IR in CH3CN, νNO = 1799 cm−1 {for
15NO, 1765 cm−1}. UV-visible (CH3CN): 610 nm (ε/M−1 cm−1, 586),
351 nm (ε/M−1 cm−1, 4899) and 249 nm (ε/M−1 cm−1, 20833).

Reaction of complex 2 with O2. Complex 2 (0.66 g, 1 mmol)
was dissolved in 5 mL of dry and degassed acetonitrile. To this
solution O2 gas was bubbled for 2 minutes. After some time,
the color of the solution changes from green to brown. This
brown colored solution was immediately precipitated out after
being layered with ether and isolated as a solid of complex
[FeIII(TPz)(NO3)](ClO4)2, 3. The reaction of complex 2 with O2

was monitored by solution phase FT-IR, UV-visible and EPR
spectroscopy.

Complex 3. Yield: 0.49 g (∼75%). FT-IR (in KBr):1632, 1556,
1466, 1422, 1384, 1309, 1252, 1144, 1119, 1087, 833, 636 cm−1.
UV-visible (CH3CN): 359 nm (ε/M−1 cm−1, 6288), 910 nm (ε/
M−1 cm−1, 198). ESI-mass (m/z) ([FeIII(TPz)(NO3)(ClO4)]

+ unit):
calcd: 558.104; found: 558.289.

FeIII(OH)3 (polymeric form), 4 and modified ligand (L′). The
brown colored solution obtained from the reaction of complex
2 (0.66 g, 1 mmol) with O2 was layered with diethyl ether and
kept in the refrigerator. After that white crystals of the modi-
fied ligand (L′) was obtained along with complex 4.

Complex 4. Yield: 0.06 g (∼60%). FT-IR (in KBr): 1633, 1557,
1423, 1253, 1144, 1121, 1084 and 626 cm−1. UV-visible
(CH3CN): 345 nm (ε/M−1 cm−1, 8452), 910 nm (ε/M−1 cm−1,
198).

Modified ligand (L′). Yield: 0.32 g (∼65%). FT-IR (in KBr):
1655, 1557, 1456, 1426, 1385, 1368, 1338, 1264, 1252, 1152,
1116, 1083, 1040, 995, 918, 829, 735, 678, 626 cm−1. 1H-NMR
(400 MHz, CDCl3): δppm: 5.78 (s, 2H), 5.29 (s, 2H), 4.98 (s, 4H),
2.20 (s, 6H), 1.84 (s, 6H).13C NMR (100 MHz, CD3CN) δppm,
207.7, 149.1, 110.3, 78.1, 68.2, 31, 12.8.

[FeIII(TPz)(OH)](ClO4)2, 5 and 2,4-di-tert-butyl-6-nitrophenol.
To the dry and degassed acetonitrile solution of complex 2

(0.66 g, 1 mmol), degassed solution of 2,4-di-tert-butylphenol
(0.51 g, 5 mmol) in acetonitrile was added followed by the
addition of O2 gas at room temperature. The reaction mixture
was washed with hexane several times. 2,4-Di-tert-butyl-6-nitro-
phenol was separated by preparative TLC of the hexane solu-
tion and complex 5 was obtained from the acetonitrile part of
the reaction mixture.

Complex 5. Yield: 0.45 g (∼73%). FT-IR (in KBr): 1633, 1555,
1465, 1423, 1384, 1260, 1275, 1141, 1120, 1088 and 627 cm−1.
UV-visible (CH3CN): 915 nm (ε/M−1 cm−1, 315); 320 nm (ε/M−1

cm−1, 7208). ESI-mass (m + 1)/z: calcd: 613.075, found:
613.176.

2,4-Di-tert-butyl-6-nitrophenol. Yield: 0.16 g (∼65%). 1H
NMR (400 MHz, CDCl3): δppm, 11.44 (s, 1H), 7.96 (s, 1H), 7.65
(s, 1H), 1.45 (s, 9H), 1.32 (s, 9H). 13C NMR (100 MHz, CDCl3):
δppm, 153.0, 142.0, 139.9, 133.7, 132.5, 118.9, 35.7, 34.5, 31.1,
29.4. ESI-mass (m/z): calcd: 251.15, found: 250.23 (M − 1).

Reaction of complex 2 with O2 and 2,2,6,6-tetramethyl-
piperidin-1-yloxyl (TEMPO). Complex 2 (0.66 g, 1 mmol) and
TEMPO (0.8 g, 5 mmol) were dissolved in 10 mL dry and
degassed acetonitrile solution followed by the addition of O2.
After completion the reaction mixture was extracted with
hexane solution. The hexane part contains 2,2,6,6-tetramethyl-
piperidin-1-ium nitrate (tmpH2

+)(NO3
−) and unreacted

TEMPO, whereas the acetonitrile part contains complex 5.
2,2,6,6-Tetramethylpiperidin-1-ium nitrate (tmpH2

+)(NO3
−).

Yield: 0.76 g (∼60%).1H NMR (500 MHz, CDCl3): δppm, 1.74 (s,
6H), 1.48 (s, 12H). 13C NMR (125 MHz, CDCl3): δppm, 56.8,
35.0, 27.5, 16.3.

Reaction of complex 2 with AgI(ClO4). Complex 2 (0.33 g,
0.5 mmol) was dissolved in 3 mL dry and degassed aceto-
nitrile. AgI(ClO4) (0.153 g, 0.75 mmol) was dissolved in
0.01 mL dry and degassed acetonitrile and added to the solu-
tion of complex 2 resulting in the formation of the corres-
ponding {Fe(NO)}6 intermediate. In FT-IR studies, the nitrosyl
stretching frequency at 1799 cm−1 was shifted to 1835 cm−1

suggesting the oxidation of complex 2.

Conclusion

Thus, the high spin Fe(II)-nitrosyl, [(TPz)Fe(NO)], having an
{Fe(NO)}7 configuration in acetonitrile solution was found
to react with O2 to result in the ligand modification to L′
through a presumed peroxynitrite intermediate. In contrast,
heme {Fe(NO)}7 complexes are known to react with O2

leading to the formation of the corresponding nitrate (NO3
−)

complexes; but no reports are known where the ligand
modification takes place. Although there is no spectroscopic
evidence of the formation of the peroxynitrite intermediate,
characteristic phenol ring nitration supports the prop-
osition. Additionally, the trapping of NO2 formed in the
reaction also is in agreement with the proposed mechanism.
This study, thus, gives an insight into the mechanism of the
reaction of metal-nitrosyls with dioxygen leading to the NOD
activity.
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Crystal data
Complex 1

CCDC 2170069.† C20H34Cl2N8O10Fe, M = 673.30, triclinic (P1̄),
a = 11.9018(6), b = 11.9774(6), c = 12.2326(6) Å, α = 84.555(3)°,
β = 74.331(3)°, γ = 68.652(2)°, V = 1563.78(14) Å3, Z = 2, Dc =
1.430 g cm−3, μ = 0.714 mm−1, T = 296(2) K, 5502 reflections,
4355 independent, R(F) = 0.0564 [I > 2σ(I)], R(int) = 0.0723,
wR(F2) = 0.1771 (all data), GOF = 1.012.

Complex 2

CCDC 2170071.† C20H30Cl2N9O9Fe, M = 667.28, monoclinic
(P21/n), a = 10.4501(6), b = 19.7521(12), c = 15.8247(9) Å, α =
90°, β = 91.422(4)°, γ = 90°, V = 3265.4(3) Å3, Z = 4, Dc = 1.357 g
cm−3, μ = 0.682 mm−1, T = 101(2) K, 5764 reflections, 3822
independent, R(F) = 0.0770 [I > 2σ(I)], R(int) = 0.1158, wR(F2) =
0.2159 (all data), GOF = 1.024.

L′

CCDC 2170068.† C15H23Cl2N7O10, M = 532.30, monoclinic
(P21), a = 8.3825(5), b = 9.5056(5), c = 15.3798(8) Å, α = 90°, β =
94.911(5)°, γ = 90°, V = 1220.97(12) Å3, Z = 2, Dc = 1.448 g cm−3,
μ = 0.328 mm−1, T = 293(2) K, 3475 reflections, 2853 indepen-
dent, R(F) = 0.0641 [I > 2σ(I)], R(int) = 0.0780, wR(F2) = 0.1869
(all data), GOF = 1.026.

(tmpH2
+)(NO3

−)

CCDC 2170070.† C9H18N2O3, M = 204.27, orthorhombic
(Pca21), a = 15.56(4), b = 9.90(2), c = 15.75(4) Å, α = 90°, β = 90°,
γ = 90°, V = 2426(10) Å3, Z = 8, Dc = 1.118 g cm−3, μ =
0.083 mm−1, T = 293(2) K, 4258 reflections, 2392 independent,
R(F) = 0.0725 [I > 2σ(I)], R(int) = 0.1360, wR(F2) = 0.2241 (all
data), GOF = 1.023.

Data availability

All the experimental and spectroscopic data related to this
manuscript are available in the form of the ESI submitted with
the manuscript.†

The crystal data are available from the Cambridge
Crystallographic Data Center (https://www.ccdc.cam.ac.uk/)
using the respective CCDC number.
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