


derivatives.[20–22] The main difference between the studies that
find deamination[23] (including this work) and those that find de-
carboxylation to occur[20–22] is our work and that of Al-Awadi
et al.[23] involve a direct investigation of the gaseous amino acid,
whereas Chuchani and co-workers have tried to generate the
amino acid in situ by pyrolysis of the corresponding ethyl esters.
Considering that the computational results in this work and by
others[63] have shown that decarboxylation of gaseous amino
acids to form the amine has a prohibitively high barrier, the
products that correspond to decarboxylation of the amine are
likely formed via a pathway not involving the amino acid.
The α-lactone that is formed from the amino acid in this work

undergoes dissociation by loss of CO and CO2. Although loss of
CO is expected, the loss of CO2 has generally not been reported
in reactions involving α-lactones. However, given the calculated
relative barriers for CO and CO2 loss, decarboxylation should oc-
cur, to some extent, in α-lactones containing a β-hydrogen that
can shift during lactone ring-opening, similar to the reaction
shown in Eqn 13b. It may be that the formation of the benzylic
cation may facilitate the hydride shift reaction, although decar-
boxylation has been observed for a completely aliphatic deriva-
tive (Eqn 9).[47] The results of this work and that reported
previously for deprotonated tyrosine show that stabilization of
the β-cation can affect the branching ratio for CO versus CO2

loss. Therefore, just as anionic stabilization of the transition state
favors CO2, the presence of a cationic group would be expected
to disfavor decarboxylation, and favor loss of CO, which is what is
observed in preliminary studies.
Finally, the results of this study show that mass spectrometry

can be used to investigate the properties of canonical amino
acids. Whereas this is a new approach for the investigation of
gas-phase amino acids, the use of an inert, remote charge to in-
vestigate neutral chemistry is not new and is similar, in principle,
to the distonic ion approach used by Kenttämaa and co-
workers[101] to examine the reactivity of aromatic radicals. In
the same way, it should be possible to use mass spectrometry
to investigate further the reactivity of gas-phase amino acids,
and investigate the effects of structure and solvation.
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A B S T R A C T

Ion–molecule reactions in a flowing afterglow are used to examine the electronic structure of 3- and
4-pyridinylnitrene-n-oxide radical anions. Reactions with nitric oxide are generally similar to those
reported previously for other aromatic nitrene radical anions. In particular, phenoxide formation by
nitrogen–oxygen exchange is observed with both isomers. Oxygen atom abstraction by NO is also
observedwith both isomers. Very significant differences in the reactivity are observed in the reactions of
the two isomers with carbon disulfide. The reactivity of the 3-n-oxide isomer with CS2 is similar to that
observed previously for nitrene radical anions, and reactions of the n-oxide moiety are not observed,
similar towhat is expected based on solution chemistry. The 4-n-oxide isomer, however, undergoesmany
reactions, including oxygen atom and oxygen ion transfer and sulfur–oxygen exchange, that involve the
n-oxide oxygen. The increased reactivity of the oxygen is attributed to increased charge density at the
oxygen due to pi electron donation of the nitrene anion in the para position.

ã 2014 Elsevier B.V. All rights reserved.

1. Introduction

Nitrene radical anions are a fascinating class of hypovalent ions.
Despite their unusual electronic structures, isoelectronic with
carbene radical anions [1–6], they are surprisingly easily generated
in mass spectrometry, cleanly and in high abundance, by simple
electron ionization of azide-substituted precursors [7–20].
Although azides are considered potentially explosive, given the
recent interests in azides as reagents in “click” chemistry [21–24]
they are commonly being synthesized and utilized in chemical
applications, and, inprinciple, anyof these derivatives could be used
as precursors of nitrene radical anions. However, despite how easily
the ions are to form, few studies of nitrene radical anions have been
reported, and many of those reported have focused on the use of
the anions as precursors for photoelectron/photodetachment
spectroscopy studies of the corresponding nitrenes [9–14].

Nevertheless, some studies have addressed issues of electronic
structures of nitrene radical anions. The simplest nitrene radical
anion, HN�, has been well-studied experimentally [25–31] and
computationally [32]. Isoelectronic with OH, the HN� ion is found
to have a 2P electronic ground state. Ellison and co-workers [14]
discussed the electronic structure of methyl nitrene radical anion,
CH3N�, which has a 2E ground state, but, like CH3O, undergoes a
Jahn–Teller distortion [33,34].

[TD$INLINE]
The electronic structures of phenylnitrene anions have been

discussed in the context of photoelectron [12,13] and photo-
detachment [9–11] spectroscopy studies, and have been examined
by electronic structure calculations [13]. The planar phenylnitrene
anion, PhN�, has an electronic structure that consist of three
electrons in the two non-bonding molecular orbitals (NBMOs) of
PhN, which consist of an in-plane, s orbital, and a benzylic-like
p orbital (Fig. 1). Unlike the case in C3v methylnitrene, the orbitals
in PhN are not degenerate, and therefore there are two possible
electronic states that can be created, corresponding to s2p (2B2)
andp2s (2B1). For substituted systems where the symmetry of the
system is reduced to Cs, the electronic states correspond to 2A00 and
2A0 , respectively. B3LYP calculations with large basis sets
predict that the ground states of PhN and chloro-substituted
derivatives [13] are all p2s, with the s2p states lying approxi-
mately 0.5 eV higher in energy.

Benzoylnitrene radical anion, BzN�, has been examined
computationally and experimentally [18–20]. Like PhN�, the
ground state of BzN� is predicted to be p2s (2A0), but the relative
energy of the s2p state (28 kcal/mol) is predicted [18] to be much
higher than that in PhN�, reflecting a greater preference for the

* Corresponding author. Tel.: +1 765 494 0475.
E-mail address: pgw@purdue.edu (J.S. Poole).
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carboxylate-like anion over having the charge localized on a
nitrogen s orbital. Chemical reactivity of the BzN� is consistent
with the open-shell structure. In particular, reaction with NO
results via radical–radical coupling to give nitrogen/oxygen
exchange (Eq. (1)), leading to the formation of benzoate anion
and N2.

(1)

[TD$INLINE]
In this study, we report an investigation of the reactivity of the

3- and 4-pyridinylnitrene-n-oxide radical anions, 3PNO� and
4PNO�, respectively. The pyridine-N-oxide is an interesting
structural motif. The formal pyridinium can nominally be viewed
as an

[TD$INLINE]electron-acceptor, but the adjacent oxide can act as ap donor, such
that the electronic effect of the N-oxide is dependent on the extent
of benefit that can be created, via electron donation or acceptance.
However, the resonance effect of the n-oxide can only occur with
the nitrene nitrogen at the 4-position, and not at the 3-position.
Moreover, for 4PNO�, there are two types of stabilization that can
be envisioned to result from interaction between the nitrene
radical anion and the N-oxide, shown in Fig. 2. In thep2s state, the
pyridinium can serve as an electron

pair acceptor, and the system can potentially be stabilized by
contribution from the quinone-like structure. Similarly, the s2p
state can be stabilized by radical delocalization, creating a highly
stable nitroxyl radical. Electron delocalization in either state is
such that it eliminates the formal charge separation of the
n-oxides, which could provide additional stabilization.

We have carried out a computational study of the electronic
structures of3PNO� and 4PNO�, and an experimental investigation
of their reactivity. Surprisingly, despite the possible interactions
between the nitrene radical anion andN-oxide in 4PNO�, wedonot
find significant differences in the computedelectronic structures or
reactivities of the two isomers in the reactionwith NO. However, a
dramatic difference between the ions is found in the reaction with
CS2, as the4-isomerundergoesreactivity that isnotobservedfor the
3-isomer, attributed to differences in accessibility of the oxide end
of the ion toward reaction. The results indicate that the resonance

interaction between the nitrene anion center and the n-oxide
increases the nucleophilicity of the oxygen in the n-oxide moiety.

2. Methods

2.1. Experimental procedures

The flowing afterglow used in the investigation has been
previously described [35]. Briefly, 3PNO� and 4PNO� radical
anions are generated in upstream end of flow tube by electron
ionization of corresponding azide precursor. The ions are cooled to
ambient temperature (298K) and carried downstream by helium
buffer gas (0.400 Torr, flow (He) = 190 STP cm3/s), and are allowed
to undergo ion–molecule reactionwith neutral reagent vapors. The
product ions are sampled through a 1mm orifice into a low-
pressure triple–quadrupole mass filter and detected with an
electron multiplier. Reactions with mass selected ions can be
carried out in the second quadrupole (Q2). Reactions in Q2 were
used to verify the reaction products observed in the flow tube. In
these experiments, the Q2 dc pole offset was kept very low (�1–
2V, laboratory frame) tominimize the possibility of translationally
driven reactions. The energy dependencies of the observed
reaction products were examined to ensure that their intensities
are maximized at nearly thermal collision energies and drop off at
higher energies as expected for exothermic processes.

Reaction kinetics are determined by monitoring the depletion
of reactant ion as a function of neutral flow rate for sample
introduced at a fixed distance from the nose cone. Pseudo-first
order reaction rate constants, krxn, are obtained from a logarithmic
plot of ion depletion vs reagent flow rate. Reaction rates are
reported as reaction efficiencies (eff), which are the ratios of the
measured rate constant to the collisional rate constant,
kcoll, calculated by using the parameterized-trajectory method
described by Su and Chesnavich [36]. Absolute uncertainties
in measured rate constants are estimated to be �50%. Branching
ratios in reactions with multiple observed products are
determined by measuring the branching ratios at multiple
neutral flow rates, and extrapolating to zero reagent flow.
Uncertainties in branching ratios are estimated to be �10% on
an absolute basis.

[(Fig._2)TD$FIG]

Fig. 2. Resonance structures of the P2s and s2P states of 4PNO�.

[(Fig._1)TD$FIG]

Fig. 1. Non-bonding molecular orbitals in phenylnitrene.

70 D. Koirala et al. / International Journal of Mass Spectrometry 378 (2015) 69–75

164



2.2. Materials

The azidopyridine-n-oxide precursors were prepared using
published procedures [37–39]. The synthesis and characterization
of the samples used in this work has been reported previously [40].
Other materials were obtained from commercial suppliers and
used as received.

2.3. Computational methods

Structures and energies of the p2s and s2p states of 3PNO�

and 4PNO�, NO, CS2 and possible reaction products were
calculated at the B3LYP/6-31 +G* level of theory. Reaction energies
correspond to differences in electronic energies between reactants
and products, and are not corrected for zero-point energies or
thermal energy differences. Calculations were carried out by using
QChem [41], using the resources of the Center for
Computational Studies of Open-Shell and Electronically Excited
Species (iopenshell.usc.edu).

3. Results and discussion

In this section, we report the results of flowing afterglow
studies of the reactivity of 3PNO� and 4PNO� with nitric oxide
(NO) and carbon disulfide (CS2). These reagents have been shown
previously [18] to form characteristic products with nitrene radical
anions. For example, the N–O transfer that occurs in the reaction of
BzN� with NO (Eq. (1)) also occurs with PhN�, resulting in the
formation of phenoxide anion [18]. With CS2, aromatic nitrene
anions have been found to react by addition, and by C and CS
abstraction to form S2� and S�, respectively. Similar reactions
should be expected for 3PNO� and 4PNO�.

3.1. Ion formation

The 3PNO� and 4PNO� radical anions are formed in high yields
by dissociative electron attachment to the corresponding azides,
with m/z 108 (Eq. (2)).

(2a)

[TD$INLINE]

(2b)

[TD$INLINE]
The most significant impurity observed in these experiments

(with both isomers) is an ionwithm/z 92, which is presumably the
non-oxidized pyridinylnitrene radical anion. The relative signal of
them/z 92 ion is variable from day to day, but decreases with time
during the course of an experimental run, indicating that it most
likely results from ionization of a non-oxidized azidopyridine
impurity.

3.2. Ion electronic structures

Before addressing the reactivity results, we first consider the
computed electronic structures of the ions. As described in the

introduction, aromatic nitrene radical anions can have either p2s
or s2p electronic structures. Previous studies of substituted
phenylnitrene anions [13] have found that the p2s states are
favored. However, as shown in Fig. 2, resonance interactionswithin
the states could affect the relative energies.

At the B3LYP/6-31 +G* level of theory, both 3PNO � and 4PNO�

are predicted to have robust p2s ground states. The 2B1 state of
4PNO� is calculated to be 13.2 kcal/mol lower in energy than the
2B2 state, whereas the 2A0 state of 3PNO� is predicted to be
16.0 kcal/mol lower in energy than the 2A00 state. The small
difference in state energies of the sp2 can likely be attributed to
the preferential stability of the nitroxyl radical (Fig. 2), but that
stabilization is not large enough to overcome the benefits of
charge delocalization. Nonetheless, the presence of the n-oxide
group is not calculated to alter the ground state of the nitrene
anion.

3.3. Reactivity studies

The results of our reactivity studies of ions 3PNO� and 4PNO�

are shown in Table 1. Overall, there are no measurable differences
in the rates of the reactions for the two isomers. The efficiencies of
the reactions with NO (approximately 0.2) are much higher than
those found for reaction with CS2, but similar to that reported
previously for the reaction of NO with BzN� (eff = 0.15) [18].
Although there are no differences in the reaction rates for the two
isomers with these reagents, there are very large differences in the
observed products. In the sections below, we consider the
differences in the products that are formed.

3.3.1. Reaction with NO
With nitric oxide, both 3PNO� and 4PNO� are observed to

undergoN–O exchange, similar towhat is observedwith PhN� and
BzN� [18]. Many additional products are observed for the reaction
of 3PNO� with NO, but, as shown in Table 1, they are assigned to
secondary fragmentation of the phenoxide anion. Possible product
structures are shown in Eq. (3)

(3).

[TD$INLINE]
A notable difference in the reactivity of 3PNO� and 4PNO�with

NO is that reaction with 4PNO� leads to significant amount of
adduct ion, whereas only a trace is observed with 3PNO�. NO
addition was not reported for either PhN� or BzN� [18], and is
generally associated with reactions of closed-shell anions [42,43],
Unfortunately, the structures of the NO adducts are not known.
However, charge distribution calculations reported below find that
there is more charge on the oxygen in 4PNO� than in 3PNO�,
which raises the possibility that the difference in the extent of
adduct formation is due to 4PNO� forming an adduct at the
oxygen, as opposed to at the nitrogen.
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Both n-oxide anions are found to react with NO by oxygen atom
transfer to form the pyridinylnitrene radical anion, as shown for
4PNO� in Eq. (4). Although the branching ratios for these reactions
in the flow tube cannot be determined due to the presence of
impurity in ions, they were verified as products by using the
reaction of NO with mass-selected ions in Q2.

(4)

[TD$INLINE]
If the N�O BDEs in 3PNO� and 4PNO� are similar to that in

pyridine-n-oxide (approximately 72 kcal/mol) [44], then the
oxygen atom transfer reactionwould be essentially thermoneutral.
Alternatively, given that the reaction is carried out in Q2, albeit
under very low energy conditions, the oxygen atom transfer could
be slightly endothermic and translationally driven.

3.3.2. Reaction with CS2
Although the rates at which 3PNO� and 4PNO� react with CS2

are similar, there are significant differences between the reaction
products. In particular, some products observed with 4PNO�

involve loss of the oxygen atom, and these products are not
observed with 3PNO�. One product involving the oxygen is
observed at m/z 124, which is 16Da higher than the reactant. The
most likely assignment for this product is that it arises from
addition of sulfur and loss of oxygen, i.e., a sulfur–oxygen
exchange. The resulting products would be the n-sulfide and
carbonyl sulfide, OCS.

The ion signal atm/z92 is also likelydue to the reaction involving
oxygen. As in the reaction with NO, we are unable to quantify the
yield of the m/z 92 product due to background presence of the
pyridinylnitrene radical anion. However, considering 4PyN� is also
observedtoreactwithCS2, it appears thatm/z92 is, in fact, formedin
relatively high yield (comparable to the yield of S2�). This is also
indicated by the results on “clean” days, where the mass spectrum
includesminimal amounts of the impurity. The formation ofm/z 92
in the reaction of 4PNO� with CS2 was also confirmed by using
mass-selected ions in Q2.

The identity of them/z 92 is not known unequivocally. Although
the ion with m/z 92 could be the pyridinylnitrene radical anion,
there is a second possibility. The ion CS2O� is isobaric with the
pyridinylnitrene radical anion, and could, in principle be formed by
oxygen-anion transfer with 4PNO�, as shown in Eq. (5). Our
experimental results suggest both structures are present.

(5)

[TD$INLINE]
Evidence for the formation of CS2O� comes from the isotopic

distribution of the product. Fig. 3 shows amass spectrum of 4PNO�

taken on an exceptionally clean day (with minimal m/z 92
contamination), with and without the addition of CS2. The
background signal of m/z 92 in the spectrum is less than 10kcps.
However, upon addition of CS2, the signal increases to nearly
100kcps. Most importantly, the signal at m/z 94 also increases, to
nearly 8% of them/z 92 signal, which agrees well with the value of
9% expected for CS2O�. Therefore, the M +2 isotope peak indicates
that there is sulfur present in the m/z 92 ion.

However, reactivity evidence suggests the presence of 4PyN� as
well. Fig. 4 shows the mass spectra for reaction of m/z 92 ion,
formed by reaction of 4PNO� with CS2, with NO. The formation of
m/z 94 is clear evidence for the presence of a nitrene radical anion,
4PyN�.

Computationally,bothreactionsarecalculatedtobeenergetically
favorable. At the B3LYP/6-31+G* level of theory, the formation of
CS2O� and the triplet pyridinylnitrene (Eq. (5)) is computed to be
exothermic by 72kcal/mol, or more than 3eV! For oxygen atom
transfer, there are multiple thermochemically accessible pathways.
Direct transfer to formCS2O (Eq. (6a)) is computed to be exothermic
by 7.7 kcal/mol. A second pathway, shown in Eq. (6b), involves the
formation of CO+ triplet S2, and is computed to be exothermic by
9.9 kcal/mol.

(6a)

[(Fig._3)TD$FIG]

Fig. 3. The m/z 92 region of the mass spectra of 4PNO� before (dashed) and after
(solid) addition of CS2.

Table 1
Reaction efficiencies and product branching ratios for reactions of 3PNO� and
4PNO� with NO and CS2

Reagent Result Ion assignment 3PNO– 4PNO–

NO Effa 0.21 0.20
m/z 138 [M+NO]� <1% 18%
m/z 110 [M+NO�N2]� 44% 82%
m/z 82 [M+NO�N2�CO]� 21% Nb

m/z 80 [M+NO�N2�NO]� 20% Nb

m/z 61 [M+NO�C3H3�N2]� 14% Nb

m/z 92 [M+NO�NO2]� Yc Yc

CS2 Effa 0.03 0.02
m/z 152 [M+CS2]� 83% 77%
m/z 64 S2� 15% 15%
m/z 32 S� <1% <1%
m/z 58 SCN� 2% 2%
m/z 124 [M+CS2–CSO]� Nb 7%
m/z 92 [M�O]� Nb Yc

a Reaction efficiency, which corresponds to kexp/kADO.
b Not observed for this isomer.
c Product is observed in Q2, but the flow tube branching ratio cannot be

determined due to the presence of impurities.
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[TD$INLINE]

(6b)

[TD$INLINE]
Regardless of which reaction occurs, oxygen atom transfer to

form4PyN�or oxygen ion transfer to formCS2O�, theyboth involve
reaction at the oxygen. Deoxygenation of tertiary-amine-n-oxides
in solution [45–47] has been proposed to occur by a mechanism
such as that shown in Scheme 1, leading to the formation of the
dithiiranone as in Eq. (6a). In solution, the dithiiranone can be
hydrolyzed to CO2 +HSSH [45] or can be utilized as a sulfur transfer
reagent [48].

In the gas phase, direct reaction of oxygen atom with CS2 gives
CS+ SO as the major products [49]. However, CO has also been
observed in the reaction [50], indicating that CO+S2 is a possible
decomposition pathway of CS2O. In fact, CO+S2 is energetically the
most favored pathway [49] but is slow because there is a slight
(6.6 kcal/mol) barrier [49] for the initial formationofCS2O.However,
thisbarriercanbeovercomeinthereactionofCS2with4PNO�bythe
energy releasedupon formationof the initial ion/molecule complex
in combination with the oxygen atom transfer exothermicity.
Therefore, oxygen atom transfer to form CO and S2 products should
be energetically accessible for 4PNO�. Formation of CS + SO is
approximately3 eV less favorable [49] than formationofCO+S2and
is therefore highly endothermic in the reaction of 4PNO� with CS2.

As noted above, sulfur–oxygen exchange is also observed in the
reaction of CS2 with 4PNO�. The mechanism of sulfur–oxygen
exchange likely involves a first step similar to that for oxygen atom
or ion transfer, addition of the oxygen to the center carbon of CS2,
as shown in Scheme 2. However, instead of forming the disulfide
bond as in dithiiranone formation, a N��S bond is formed.
Alternatively, homolytic cleavage of the N��O bond in the CS2
adduct would result in formation of CS2O�. Therefore, all three
reaction pathways (oxygen atom transfer, oxygen ion transfer,
oxygen–sulfur exchange) occur addition of the oxygen to CS2.

A small amount of NCS� product is observed in the reaction of
CS2 with both 3PNO� and 4PNO�. NCS� has been observed
previously in reactions of CS2 with closed-shell, nitrogen-based
anions [43,51,52], but has not been reported previously for
reactions of open-shell anions. The mechanism is presumably
similar to that shown in Scheme 2, although occurring at the
nitrogen. The other products observed with CS2 (S�, S2� and CS2
adduct) are similar to those observed previously with nitrene
radical anions [18].

3.4. Comparison of isomers: oxygen nucleophilicity

There are significant differences in the reactions that occur
between ions 3PNO� and 4PNO� and CS2. Specifically, 4PNO�

undergoes sulfur–oxygen exchange and oxygen-atom and/or
oxygen-anion transfer reactions that are not observedwith 3PNO�.
The common feature of these reactions is that they all involve
initial nucleophilic attack of the oxygen in the anion at the carbon
of the carbon disulfide. The fact that 4PNO� undergoes reaction at
the oxygenwhereas 3PNO� does not reflects important differences
in their electronic structures.

The best example that illustrates the electronic structure
differences between the ions is the oxygen-transfer reaction
with CS2. Although carbon disulfide is known to deoxygenate
tertiary-amine-n-oxides [45], the reaction is generally not
observed with aromatic-n-oxides. Therefore, the lack of oxygen
transfer with 3PNO� is consistent with the expectation that the
substituent in themeta position does not interact with the n-oxide
moiety. Similarly, the nitrene anion para to the n-oxide can serve as
a p-donor, as shown in Fig. 2, which makes the oxygen in the p2s
statemore nucleophilic. Hammett analysis of the deoxygenation of
aniline-n-oxides in solution has shown [45] that the reaction is
favored by strong electron donating substituents, which increase
the nucleophilicity of the oxygen. Apparently, the nitrene radical
anion is such a strongp-electron donor that it even enables oxygen
transfer in the normally inert aromatic-n-oxides.

The difference in the reactivity cannot be attributed to
differences in overall thermochemistry for the reactions. All of

[(Fig._4)TD$FIG]

Fig. 4. The m/z 92 region of the mass spectra of 4PNO� reaction with CS2 (dashed)
and after addition of NO (solid).

[(Scheme_1)TD$FIG]

Scheme 1.

[(Scheme_2)TD$FIG]

Scheme 2.
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the reactions observed for 4PNO� are also computed to be
exothermic for 3PNO�, although they do not occur. For example,
the sulfur–oxygen exchange reaction observed for 4PNO�

(Scheme 2) is computed to be exothermic by 45kcal/mol. Similarly,
the sulfur–oxygen exchange reaction for 3PNO� is computed to be
exothermic by 37kcal/mol, but does not occur at all. Therefore, the
difference in reactivity is more likely due to kinetic differences that
result from differences in electronic structure.

The increased nucleophilicity of the oxygen in 4PNO� apparent
in the reactivity studies is consistent with the computed charge
distributions in the p2s states. The B3LYP/6-31 +G* computed
Mullikin charges at the heavy atoms in 3PNO� and 4PNO� are
shown in Fig. 5.

Although both ions have increased charge density at the oxygen
than is found in pyridine-n-oxide there are some differences in
charge densities at the carbon atoms, the most significant
difference is for the oxygen, where the calculated charge is larger
in in 4PNO� than in 3PNO�, which accounts for the increased
reactivity at that site. Increased reactivity at the oxygen accounts
for the observation of either oxygen atom (Eq. (6)) or oxygen ion
(Eq. (5)) transfer with CS2.

As suggested above, the difference in the charge density at the
oxygen may also account for the difference in the extent of adduct
formation with nitric oxide. This is most likely the case if the
adduct is an electrostatic complex. However, as noted, the
structure of the adduct is not known. Aside from the extent of
adduct formation, there is little difference in the reactivity of with
nitric oxide. The differences in the observed products can be
attributed to differences in the ability of the resulting phenoxide
ion to fragment.

4. Conclusion

The reactivity of 3PNO� and 4PNO�, particularlywith CS2, show
that there are significant differences in their electronic structures,
which can be understood as resulting from the resonance
interaction between the nitrene anion and the n-oxide moiety
in 4PNO�, and the lack thereof in 3PNO�. In the p2s state, the
monovalent nitrogen anion is a strong p electron donor, which
increases the charge density on the oxygen, as shown in Fig. 2. The
result is consistent with the conclusions based on condensed-
phase studies that oxygen atom transfer is favored by p-donors
[45]. However, the reaction has not been observed previously for
aromatic n-oxides. This work shows that oxygen atom transfer for
aromatic n-oxides can occur with sufficiently strongp donors. The
differences in the electronic structures of 3PNO� and 4PNO� do
not result in differences in reactivity with NO, although there are
differences in the stabilities of the resulting products.
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