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ABSTRACT: A cobalt-nitrosyl complex, [(BPI)Co(NO)(OAc)], 1 {BPI = 1,3-bis(2′-
pyridylimino)isoindol} was prepared and characterized. Structural characterization revealed
that the cobalt center has a distorted square pyramidal geometry with the NO group
coordinated from the apical position in a bent fashion. The addition of dioxygen (O2) to the
dichloromethane solution of complex 1 resulted in the formation of nitro complex,
[(BPI)Co(NO2)(OAc)], 2. It was characterized structurally. Kinetic studies suggested the
involvement of an associative mechanism. FT-IR spectroscopic studies suggested the
formation of the intermediate 1a [(BPI)CoIII(NO)(O2

−)(OAc)] in the reaction. The
intermediate 1a decomposed to complex 2 via a presumed peroxynitrite intermediate which
was implicated by its characteristic phenol ring nitration reaction.

■ INTRODUCTION
Nitric oxide (NO) is an important regulatory molecule in
mammalian biology. It is known to play the key roles in diverse
biological processes such as neurotransmission, immune
response, and so on.1−4 It has been found that the
submicromolar concentrations of NO are sufficient for its
functions, and an overproduction of it has a detrimental effect
due to the formation of peroxynitrite anion (PN, ONOO−) and
other secondary reactive nitrogen species which induce
oxidative damage to DNA, lipids, proteins, and other
structures.5,6 Nitric oxide deoxygenases (NOD) are known to
control the level of NO in biological systems. In NODs, the
reaction of the Fe(III)-superoxide species with NO results in
the biologically benign nitrate (NO3

−) ion.7 This reaction is
believed to proceed through the formation of a metal−
peroxynitrite intermediate.7,8 It is believed that peroxynitrite
intermediate forms in the diffusion-controlled reaction between
NO and superoxide anion or H2O2 and nitrite (NO2

−) in the
presence of the peroxidase enzymes.9

The biological relevance of NO inspires a wide range of
studies of its coordination and interaction with transition metal
centers and subsequently, their dioxygenation reaction. An
extensive study has been done in this direction with the Fe-
proteins and their models.7,10 Recently, the examples involving
other transition metal ions in the generation and reactivity of
ONOO− are reported.11 The Karlin’s group reported the
example of a peroxynitrite complex from the reaction of a
mixed-valent nitrosyl complex of Cu(I)Cu(II), [CuI,II2(UN-
O−)(NO)]2+ with O2. It has been shown that the reaction
resulted in the corresponding superoxide and nitrosyl adduct,
[CuII2(UN-O

−)(NO)(O2
−)]2+, in the first step, and it was

subsequently converted to the corresponding peroxynitrite

complex.12 A Cu-peroxynitrite intermediate was also proposed
in the reaction of a Cu(I)-nitrosyl complex with O2 to finally
result in the corresponding NO2

−.13 Recently, it has been
shown that the reaction of Cu(II)-nitrosyl complexes with
H2O2 results in the copper-nitrato complexes via a presumed
Cu-peroxynitrite intermediate.14 The reaction of nonheme
Cr(IV)-peroxo and Cr(III)-superoxo complexes with NO were
reported to result in the presumed Cr(III)-peroxynitrite
intermediate.15 A Co-nitrosyl complex was reported to react
with O2 to result in the corresponding nitrite (NO2

−) product
by Clarkson and Basolo.16 The Co(III)-nitrosyl complexes of
12- and 13-membered N-tetramethylated cyclam ligands, [(12-
TMC)CoIII(NO)]2+ and [(13-TMC)CoIII(NO)]2+ [12-TMC =
1,4,7,10-tetramethyl-1,4,7,10-tetraazacyclododecane] were re-
ported to react with the superoxide ion resulting in the Co(II)-
nitrite where the involvement of Co(III)-peroxynitrite inter-
mediate was presumed.17 Thus, the reaction of metal-nitrosyl
complexes with O2, O2

−, or O2
2− is of potential interest from

the NOD point of view. On the other hand, a pyrrole/imine
ligand derived cobalt nitrosyl complex having {CoNO}8

configuration has been shown to serve as potential HNO
donor.18

The Co-nitrosyl complexes having {CoNO}8 configuration
has attracted attention because they can serve as the good
replacement of {FeNO}8 complexes which are inherently
reactive.18 On the other hand, cobalamins (Cbls) are known to
react with NO to form nitrosocobalamins (NOCbls) in a
diffusion-controlled rate and are believed to scavenge NO
efficiently in vivo.19 NOCbl is reported to react with O2 to
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result in nitrocobalamin through the formation of peroxynitrito
Co(III) intermediate.11f,19 In addition, the Co-containing
systems are found to be more promising with respect to the
observation of peroxynitrite complexes.11 We have demon-
strated recently that a nitrosyl complex of Co-porphyrinate
reacts with H2O2 to result in Co(III)-nitrite.20 Unlike the
nitrosyls of Fe(II)-porphyrinate, this complex was inert toward
dioxygen. The chemical evidence suggests the involvement of a
putative peroxynitrite intermediate in the reaction. A Co(II)
complex, [Co(L)2]Cl2, (L = bis(2-ethyl-4-methylimidazol-5-
yl)methane) in methanol solution was shown to react with
H2O2 at −40 °C to result in the corresponding Co(III)-peroxo
complex, [Co(L)2(O2)]

+. The addition of NO gas to the this
peroxo complex resulted in the Co(II)-nitrato complex.11g The
putative formation of a Co(II)-peroxynitrite intermediate was
presumed based on the chemical evidence. No spectral
evidence of formation of the peroxynitrite intermediate was
observed in these cases. In the present work, a cobalt(II)
complex of a tridentate N-donor ligand, 1,3-bis(2′-
pyridylimino)isoindol (BPI) (Figure 1) has been used for the

preparation of nitrosyl complex followed by its study with
dioxygen.21 The spectral characterization and kinetics studies
suggest that in the present study the reaction of the {CoNO}8

complex with O2 led to the formation of an unusual superoxide
species, [(BPI)Co(NO)(O2

−)]+ which then resulted in the
corresponding nitro product in subsequent step. Chemical
evidence suggests the involvement of a putative peroxynitrite
intermediate in the process of decomposition of the [(BPI)-
Co(NO)(O2

−)]+ to the nitro complex.

■ RESULTS AND DISCUSSION
The ligand, 1,3-bis(2′-pyridylimino)isoindol (BPI) was pre-
pared using the earlier reported procedure by Siegl and co-
workers.21 It was characterized using FT-IR, 1H NMR
spectroscopy, ESI-mass spectrometry and microanalysis (Ex-
perimental Section). These data matched well with the earlier
reported one. The bubbling of NO gas to the degassed

methanol solution of the ligand followed by the addition of an
equivalent amount of cobalt acetate, tetrahydrate resulted in the
precipitation of the Co(II)-nitrosyl complex, [(BPI)Co(NO)-
(OAc)] (1) (Scheme 1 and Experimental Section). It was
isolated as solid and characterized by spectroscopic analyses as
well as by single crystal X-ray structure determination. The
ORTEP diagram of complex 1 is shown in Figure 2. The

crystallographic data and metric parameters are listed in the
Supporting Information (Tables S1−S3). The crystal structure
revealed that the cobalt center is coordinated by the three N
atoms from BPI, one acetate, and one NO group in a distorted
square pyramidal geometry. The O atom from monodentate
acetate group and the three N atoms from the BPI moiety
formed the square plane and the NO group is coordinated from
the apical position. The Co−NNO distance is 1.828(8) Å. The
N−O distance and the Co−N−O angle were 1.014(8) Å and
132.7(7)°, respectively. Though the Co−NO distance is within
the range of other reported values in analogous complexes, the
N−O distance is relatively shorter.17,22 It is to be noted that the
structure has some inherent disorder in the N−O group, and it
was refined with different N−O bond distances. However, no
appreciable change in the crystal parameters was observed
(Supporting Information, Table S4). Thus, it is difficult to
assign the exact N−O bond distance in complex 1. Refinement
with reassigning the electron density outside the coordination
sphere too did not alter the crystal parameters to much extent.
The bent geometry of the cobalt-nitrosyl, 1, is consistent with
the {CoNO}8 configuration as per the Enemerk−Feltham
notation.23

In the cases of recently structurally characterized Co-nitrosyl
complexes of 12- and 13-membered N-tetramethylated cyclam

Figure 1. BPI ligand used for the present study.

Scheme 1. Synthesis of Complex 1

Figure 2. ORTEP diagram of complex 1 with 35% ellipsoid probability
(H atoms and solvent molecule are not shown for clarity).
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ligands, [(12-TMC)Co(NO)]2+ and [(13-TMC)Co(NO)]2+,
the Co−N−O angles are 128.5 and 124.4°; whereas, the N−O
distances are 1.155 and 1.159 Å, respectively.17b In Co(II)-
nitrosyl complex of N1-(2,4,6-trimethylbenzyl)-N2-(2-((2,4,6-
trimethylbenzyl)amino)ethyl-1,2-diamine ligand having
{CoNO}8 description, the Co−NO distance was reported to
be 1.765(10) Å; whereas, the N−O distance and Co−N−O
angles were 1.103(9)Å and 124.6(10)°.24 In this 5-coordinated
square pyramidal Co(II)-nitrosyl, the NO stretching frequency
appeared at 1659 cm−1.24 In FT-IR spectrum of complex 1, the
NO stretching frequency appeared at 1673 cm−1. However, in
the case of [(12-TMC)Co(NO)]2+ and [(13-TMC)Co-
(NO)]2+, the nitrosyl stretching frequency appeared at 1712
and 1716 cm−1, respectively, in acetonitrile solution.17b The
complex 1 was silent in the X-band EPR spectroscopy which is
consistent with its {CoNO}8 description (Supporting Informa-
tion, Figure S6). The ESI-Mass spectrum of the complex 1 was
populated by the molecular ion peak at m/z 387.28 which is
assignable to the [(BPI)Co(NO)]+ unit (calculated m/z,
387.04) (Supporting Information, Figure S7). The observed
isotopic distribution pattern was found to match well with the
simulated one.

■ DIOXYGEN REACTIVITY OF COMPLEX 1
In the UV−visible spectroscopy, dichloromethane solution of
the complex 1 absorbs at 467 nm (ε/M−1cm−1, 6230) and 348
nm (ε/M−1cm−1, 12400) (Figure 3). The addition of O2 gas to

the degassed dichloromethane solution of complex 1 at −20 °C
resulted in the appearance of bands at 477 and 450 nm,
respectively (Figure 3). The intensity of these bands were
found to increase gradually with time and reached the
maximum within 30 min of O2 addition. The compound
corresponding to this final spectrum was isolated as solid and
characterized as complex 2 ((BPI)Co(NO2)(OAc)] (see
Experimental Section). The kinetic studies revealed that the
reaction of complex 1 with O2 depends on the concentration of
the added O2 (Figure 4) suggesting the involvement of an
associative mechanism.17a It is to be noted that the Co-nitrosyl
complex of 14-membered N-tetramethylated cyclam ligands,
[(14-TMC)Co(NO)]2+, reacted with O2 to result in [(14-
TMC)Co(NO3)]

+ in a dissociative pathway where the
dissociation of NO group from the nitrosyl complex was
proposed in the rate-determining step to form a cage
intermediate, {(14-TMC)Co··· NO}2+, prior to the reaction

with O2.
17a Thus, the overall rate of the reaction was

independent of concentration of O2.
In the FT-IR spectrum, the addition of O2 gas to the

degassed dichloromethane solution of complex 1 resulted in the
disappearance of the NO stretching frequency at 1673 cm−1,
while a new band appeared at 1740 cm−1 (Figure 5). This band
was assigned to the NO stretching of the resulting intermediate,
1a (Scheme 2). Recently, Karlin and co-workers reported that
addition of O2 gas to the dichloromethane solution of
[CuI,II2(UN-O

−)(μ-NO)]2+ resulted in the formation of
[CuII2(UN-O−)(NO)(O2

−)]2+ where the NO stretching
appeared at 1853 cm−1.12 On the other hand, Theopold et al.
reported that the reaction of a tris(3-tert-butyl-5-
methylpyrazole)borate ligand derived cobalt(III) superoxo
complex with NO at −78 °C resulted in the appearance of a
new stretching band at 1849 cm−1, and it was assigned to the
corresponding unstable nitrosyl intermediate.25 It was reported
earlier that in the case of cobalt(II)-nitrosyl complexes, the NO
stretching frequency shifts ca. 100−150 cm−1 upon oxidation of
the cobalt(II) center to cobalt(III).26 Thus, the addition of O2
to the solution of complex 1 resulted in an intermediate where
[CoIII−NO] is suggestive. In addition to the 1740 cm−1 band, a
new stretching frequency at 1155 cm−1 was observed in the FT-
IR spectrum (Figure 5). This frequency was sensitive to the
18O2 and found to shift to 1116 cm−1 (Figure 6). It is to be
noted that O2 is known to bind with Co(II) and other
transition metal ions in their reduced state to result in electron
transfer reactions leading to the formation of corresponding
Co(III)-superoxide complex.27 The observed stretching
frequency at 1155 cm−1 is also suggestive to the formation of
a metal-bound superoxide.27 Hence the formulation of the
intermediate complex 1a as [(BPI)CoIII(NO)(O2

−)]+ is logical
(Scheme 2). Both the 1740 and 1155 cm−1 bands disappeared
with time and the appearance of two stretching frequencies at
1322 and 1297 cm−1 assignable to the nitro group in complex 2
(Scheme 2) were observed.18,28 The labeling experiment with
18O2 resulted in the shift of these characteristic frequencies to
1290 and 1271 cm−1, respectively, suggesting the incorporation
of 18O atom into the complex 2 (Figure S14; Supporting
Information). It was further confirmed by isolation of complex
2 followed by structural characterization (see later). It is to be
noted that the O2 addition to the solution of complex 1 led to
the formation of the superoxo species 1a which is thermally
unstable and decomposes to the corresponding nitro complex 2
quite fast. The spectrum, which we could manage to record
with our existing facility, thus contains the stretching of the
nitro product as impurity.
In UV−visible spectroscopic monitoring, the formation of

the two new bands at 450 and 477 nm were observed which
correspond to the decomposition product, complex 2. The
reaction proceeds through clean isosbestic points indicating the
involvement of only one new species. No indication of
formation of any intermediate was observed in the reaction
even at −40 °C. This is perhaps because of the very fast
reaction at the concentration of ca. 0.2 mM which was used for
UV−visible study.
The complex 2 was isolated as solid and characterized by

spectroscopic as well as by single crystal X-ray structure
determination. The ORTEP diagram of complex 2 is shown in
Figure 7.
The diamagnetic nature of the complex 2 is in agreement

with the presence of trivalent Co center in it. In the ESI-mass
spectrum of the complex 2, the [(BPI)Co(NO2)]

+ was

Figure 3. UV−visible spectra of complex 1 (black trace) and after
addition of O2 (blue trace; immediately after addition and red traces)
in CH2Cl2 at −20 °C.
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observed at m/z 403.06 (calculated 403.03). When the reaction
was carried out with 18O2, the molecular ion peak of complex 2
appeared at m/z 405.10 (Figure S15; Supporting Information)
suggesting the incorporation of one O atom from the added O2.

The decomposition of the intermediate 1a to the complex 2
presumably proceeds via the formation of a putative
peroxynitrite intermediate, though no indication was observed
in UV−visible studies. We sought chemical evidence to
establish the formation of a peroxynitrite intermediate. In this
regard, the nitration of the phenol ring has been reported
extensively as evidence in favor of the formation of
peroxynitrite intermediate.11b,e,f,16 When the oxygenation
reaction of complex 1 was carried out in the presence of 2,4-
ditertiarybutyl phenol (DTBP), the formation of corresponding
nitrophenol with a yield of ca. 42% (Experimental Section) was
observed (Scheme 3). Though it is expected that the
peroxynitrite intermediate will afford quantitative conversion
of the phenol to nitrophenol, the parallel decomposition of the
intermediate to complex 2 at the reaction temperature resulted
in the formation of nitrophenol with a lower yield.
However, when DTBP was added in the reaction mixture

after the addition of O2 in the solution of complex 1 at −20 °C,
the isolation of the products using chromatographic purification
revealed the exclusive formation of complex 2 with unreacted
DTBP (ca. 94%). Thus, it is implicated that the reaction of
complex 1 with O2 resulted in the formation a peroxynitrite
intermediate via complex 1a. It should be noted that only
complex 1 or 2 did not result in phenol ring nitration under
experimental condition.
The decomposition of the presumed peroxynitrite inter-

mediate to complex 2 could be envisaged either through the
release of 1/2O2 or via the mechanism proposed by Basalo
where a peroxynitrite intermediate interacts with one unit of
nitrosyl complex in fast step to result in −N−O−O−N−
linkage which decomposed to two units of corresponding nitro
complex.16 Although, there is no direct evidence to confirm
which mechanism is operating in the present case, considering
the yield of isolated nitrophenol (ca. 42%), the first pathway
seems more logical.

■ EXPERIMENTAL SECTION
Materials and Methods. All reagents and solvents of reagent

grade were purchased from commercial sources and used as received
except specified. All the reactions were performed under inert
conditions unless specified. 18O2 was purchased from Icon Isotopes.
Deoxygenation of the solvent and solutions was effected by repeated
vacuum/purge cycles or bubbling with argon for 30 min. UV−visible
spectra were recorded on an Agilent Technologies Cary 8454 UV−
visible spectrophotometer. FT-IR spectra of the samples were taken on
a PerkinElmer spectrophotometer with samples prepared either as KBr

Figure 4. (a) Time versus absorbance plot at 450 nm for the reaction of complex 1 with different O2 concentrations in CH2Cl2 at 298 K. (b) [O2]
concentration versus rate constant plot for the reaction of complex 1 with O2.

Figure 5. FT-IR spectra of complex 1 (black trace); immediately after
addition of O2 (red trace; *υNO shifted to 1740 cm−1 and #υO−O
appeared at 1155 cm−1) and after 1/2 h of addition of O2 (blue trace)
in CH2Cl2 at −20 °C.

Scheme 2
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pellets or in dichloromethane solution in KBr cell. 1H NMR spectra
were recorded in 600 and 400 MHz Varian FT spectrometer.
Chemical shifts (ppm) were referenced either with an internal
standard (Me4Si) or to the residual solvent peaks. The X-band
Electron Paramagnetic Resonance (EPR) spectra were recorded on a
JES-FA200 ESR spectrometer, at room temperature with microwave
power, 0.998 mW; microwave frequency, 9.14 GHz; and modulation
amplitude, 2. Elemental analyses were obtained from a PerkinElmer
Series II Analyzer.
Kinetic Study. The rates of the reactions of complex 1 with

different O2 concentration were followed by monitoring the UV−
visible spectral change of the solution using Agilent Technologies Cary
8454 UV−visible spectrophotometer installed with Chemstation
kinetics software. The instrument was equipped with a Unisoku
cryostat USP- 203 B having thermostated cell holder. For the kinetic
study, the temperature was regulated at 25 °C. O2 gas was diluted with
Ar using Environics Series 4040 computerized gas dilution system, and
then the calculated amount was added to the reaction mixture through
a gastight Hamilton syringe.
Single crystals were grown by slow evaporation of methanol and

CH2Cl2 solution of complexes 1 and 2, respectively. The intensity data

were collected using a Bruker SMART APEX-II CCD diffractometer,
equipped with a fine focus 1.75 kW sealed tube Mo Kα radiation (λ =
0.71073 Å) at 273(3) K, with increasing ω (width of 0.3° per frame) at
a scan speed of 3 s/frame. The SMART software was used for data
acquisition. Data integration and reduction were undertaken with
SAINT and XPREP software.29 Multiscan empirical absorption
corrections were applied to the data using the program SADABS.30

Structures were solved by direct methods using SHELXS-2014 and
refined with full-matrix least-squares on F2 using SHELXL-2014/7.31

Structural illustrations have been drawn with ORTEP-3 for
Windows.32

Synthesis of Ligand BPI [BPI = 1,3-bis(2′-pyridylimino)-
isoindol]. Ligand BPI was synthesized following an earlier reported
procedure with a minor modification.21 A mixture of 1,2-
dicyanobenzene (2.56 g; 20 mmol), 2-aminopyridine (3.95 g, 42
mmol) and CaCl2 (0.22 g, 2 mmol) in 30 mL of 1-butanol was
refluxed for 48 h. Upon cooling to room temperature, the product
began to precipitate. The precipitate was collected by filtration, washed
with water, and recrystallized as pale yellow needles from ethanol/
water. Yield: 4.42 g (ca. 74%). Elemental analyses for C18H13N5: Calcd
(%): C, 72.23; H, 4.38; N, 23.40. Found (%): C, 72.29; H, 4.36; N,
23.51. FT-IR (KBr pellet): 3061, 1631, 1582, 1457, 1429, 1305, 1259,
1220, 1034, 1098, 793 cm−1. 1H NMR: (600 MHz, CDCl3): δppm:
8.62−8.61 (1H, dd), 8.09−8.07 (1H, dd), 7.78−7.75 (1H, dt), 7.66−
7.60 (1H, dd), 7.47−7.45 (1H, d), 7.13−7.11 (1H, ddd). 13C NMR:
(150 MHz, CDCl3): δppm: 160.7, 154.0, 148.0, 138.3, 136.0, 131.9,
123.4, 122.8, 120.4. Mass (m/z): calcd, 299.12; found, 300.03 (M+1).

Synthesis of Complex 1. To an oversaturated solution of BPI
(150 mg, 0.5 mmol) in 10 mL of methanol, NO gas was bubbled for 2
min followed by the addition of Co(OAc)2·4H2O (125 mg, 0.5 mmol)
in methanol (ca. 10 mL). The reaction mixture was stirred for 5 min
which resulted in a dark brown precipitate. The excess of NO gas was
removed by bubbling with Ar. Then the precipitate was filtered using a
Schlenk frit fitted in the Schlenk line. Finally precipitate was washed
under Ar with degassed methanol to get the pure complex 1. X-ray
quality crystals complex 1 was obtained when the reaction mixture was
allowed to stand for 1−2 days. Yield: 123 mg (55%). Elemental
analyses for C20H15CoN6O3: Calcd (%): C, 53.82; H, 3.39; N, 18.83.
Found (%): C, 53.73; H, 3.42; N, 18.90. UV−visible (dichloro-
methane): λmax (ε, M

−1 cm−1): 467 nm (6230), 348 nm (12400). FT-
IR (KBr pellet): 2962, 1673 (νNO), 1637, 1581, 1529, 1465, 1261,
1098, 1017, 801 cm−1. 1H- NMR (400 MHz, CDCl3) δ 8.94 (d, J = 6.4
Hz, 2H), 8.17−8.13 (m, 2H), 8.05 (t, J = 7.4 Hz, 2H), 7.84 (d, J = 8.3
Hz, 2H), 7.66−7.63 (m, 2H), 7.37 (t, J = 6.3 Hz, 2H), 2.08 (s, 3H).
Mass (m/z): calcd for [Co(BPI)(NO)]+, 387.04; found, 387.28.

Synthesis of Complex 2. To a degassed solution of complex 1
(89 mg, 0.2 mmol) in dichloromethane (ca. 20 mL), an excess of O2
gas was bubbled for 1 min. The solution was then allowed to stir for 2
h at room temperature. The resulting light red solution was dried
under vacuum and light brown solid of complex 2 was obtained. It was
crystallized by slow evaporation of a dichloromethane solution. Yield:
85 mg (92%). Elemental analyses for C20H15CoN6O4: Calcd (%): C,

Figure 6. (a) FT-IR spectra of complex 1 immediately after addition of 16O2 (black trace; *υNO at 1740 cm−1 and #υO−O at 1155 cm−1) and upon
labeling with 18O2 (red trace; #υO−O shifted to 1116 cm−1) in CH2Cl2 at −20 °C. (b) Subtracted FT-IR spectrum of the reaction mixture obtained
from the reaction of complex 1 with 16O2 and

18O2, respectively, in CH2Cl2 (*stretching frequencies for coordinated O−O group). The other
isotope-sensitive peaks are due to the presence of the decomposition product, complex 2.

Figure 7. ORTEP diagram of complex 2 with 35% ellipsoid probability
(H atoms are not shown for clarity).

Scheme 3
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51.96; H, 3.27; N, 18.18. Found (%): C, 51.91; H, 3.29; N, 18.27.
UV−visible (dichloromethane): λmax (ε, M

−1 cm−1): 477 nm (8200),
450 nm (9830), 329 nm (11200). FT-IR (KBr pellet): 2934, 1646,
1582, 1531, 1464, 1378, 1320, 1296, 1099, 1017, 953, 775 cm−1. 1H
NMR (400 MHz, CDCl3) δ 8.98 (d, J = 5.3 Hz, 2H), 8.00 (s, 2H),
7.88 (t, J = 7.1 Hz, 2H), 7.63 (d, J = 7.8 Hz, 2H), 7.53 (d, J = 2.9 Hz,
2H), 7.23−7.16 (m, 2H), 1.65 (s, 3H; contaminated with signal for
trace of moisture). Mass (m/z): calcd for [Co(BPI)(NO2)]

+, 403.03;
found, 403.06.
Reaction of Complex 1 with O2 in the Presence of 2,4-Di-

tert-butylphenol: Isolation of 2,4-Di-tert-butyl-6-nitrophenol.
To a degassed solution of complex 1 (89 mg, 0.2 mmol) in 20 mL of
dichloromethane was added 2,4-ditertiarybutylphenol (206 mg, 1
mmol); stirred for 5 min and the solution was cooled at −20 °C. O2
gas was then bubbled through the solution for 1 min and the resulting
mixture was stirred for 3 h at −20 °C. The reaction mixture was then
warmed to room temperature and dried under reduce pressure. The
solid mass was then subjected to column chromatography using silica
gel column and hexane as eluent to obtain 2,4-di-tert-butyl-6-
nitrophenol (yield: 21 mg; 42%). Elemental analyses for
C14H21NO3, Calcd (%): C, 66.91; H, 8.42; N, 5.57. Found (%): C,
66.86; H, 8.43; N, 5.66. 1H NMR (600 MHz, CDCl3): δppm, 7.39 (s,
1H), 7.12 (s, 1H), 5.22 (s, 1H), 1.45 (s, 9H), 1.32 (s, 9H). 13C NMR
(150 MHz, CDCl3): δppm, 150.0, 143.2, 136.4, 125.5, 125.0, 122.5,
35.4, 34.7, 31.9, 29.9. Mass (m/z): calcd, 251.15; found, 250.47 (M−
1).

■ CONCLUSION
A cobalt-nitrosyl complex, [(BPI)Co(NO)(OAc)], 1 having
{CoNO}8 description was prepared. Structural characterization
revealed that NO is bonded to the cobalt center in a bent
fashion with a relatively shorter N−O distance. The addition of
dioxygen to the dichloromethane solution of complex 1
resulted in the formation of corresponding nitro complex,
[(BPI)Co(NO2)(OAc)], 2. Spectroscopic studies suggested the
involvement of the intermediate 1a [(BPI)CoIII(NO)(O2

−)-
(OAc)]. The complex 1a decomposed to complex 2 via a
presumed peroxynitrite intermediate which was implicated by
its characteristic phenol ring nitration reaction.
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Rüegger, H. Peroxynitrous acid: controversy and consensus surround-
ing an enigmatic oxidant. Dalton Trans. 2012, 41, 13779−13787.
(d) Lymar, S. V.; Khairutdinov, R. F.; Hurst, J. K. Hydroxyl radical
formation by O−O bond homolysis in peroxynitrous acid. Inorg. Chem.
2003, 42, 5259−5266. (e) Goldstein, S.; Lind, J.; Mereńyi, G.
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