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Abstract  The aim and  novelty of this paper is to correct and up-date a classical theory that is two  thirds wrong and 
besides incomplete. We mean the Linton’s theory about the pyridine N-oxide ‘excited structures’. He found that the dipole 
moment of pyridine N-oxide is appreciably s maller than the expected theoretical value. Thus, he postulated the contribution 
of three ‘excited structures’, with a negative electric charge at the 2-, 4- and 6-position. However, a typical electrophilic 
substitution such as nitration, afforded only  the 4-nitro  derivative. Th is discrepancy between theory and experiment prompted 
us to study the pyridine N-oxide physical properties, since reactivity is derived from them. Besides, these negative charged 
rings require an unexpected polarizat ion and a reaction mechanism must be provided. We propose intermolecular induced 
polarization as a viable path, that is, a special case of electromeric effect. We uncovered that only one of the three structures 
before mentioned is supported by the observed reactivity as well as by 13C nuclear magnetic resonance data. Thus, we reject 
two of the Linton’s ‘excited structures’ and explain the regioselectiv ity found in pyridine N-oxide n itration.  

Keywords  Autogenic electromeric effect, Induced polarizat ion, Non-covalent interactions, Pyridine N-oxide n itration, 
Reactive intermediates, Resonance structures 

 

1. Introduction 
This paper deals with the reactiv ity and isomeric 

structures of pyridine N-oxide. Since the observed reactivity 
in nitrat ion experiments is not in accord with all the 
Linton’s ‘excited structures’ (high energy structures), 
Figure 1, we sought an explanation in order to obtain an 
agreement between theory and practice, since this is of the 
utmost importance. 

Being that the chemical properties of a compound, and 
therefore its reactivity, are derived from the molecular 
structure and the resulting physical properties (essential 
properties)[1], we reviewed the pyridine N-oxide references 
in order to deduce an experimentally based theory to explain 
the observed regiochemistry in the nitrat ion reaction. 

2. Experimental Facts 
Pyrid ine N-oxide was prepared the first time by 

Meissenheimer[2] from the base and perbenzoic acid 
(BzO2H). He described the picrate, the hydrochloride and the 
free N-oxide, m.p. 66-68°C, indicat ing it is deliquescent. 

Years later, Linton[3] studied  the d ipole moments of 
several amine oxides. He pointed out that pyridine N-oxide  

 
* Corresponding author: 
franviesca@yahoo.com (Francisco Sánchez-Viesca) 
Published online at http://journal.sapub.org/chemistry 
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved 

crystallizes in white needles after vacuum evaporation of a 
warm ether solution. The compound was kept over 
phosphorus pentoxide. 

The dipole moment was obtained determining the molar 
polarization of the solution measuring the dielectric constant 
in dilute solutions of the polar substance in a non-polar 
solvent (benzene). Trimethylamine oxide shows a dipole 
moment o f 5.02 D whereas in pyridine N-oxide the d ipole 
moment  is only  4.24 D. The observed value for a semipolar 
bond +N - O- is 4.38 D. If we add the pyridine dipole moment, 
pyridine N-oxide would have a 6.6 D d ipole moment.  

In order to exp lain the observed small dipole, Linton 
proposed three ‘excited structures’, 2, 3 and 4, as 
contributors. Figure 1. These isomers, with the electric 
negative charge on the ring, change the direction of the 
dipole moment. 

 

N

O: :..      

N

O: ..

..

   

N

O:

..

..    

N

O :

..

..  

         1          2           3           4 

Figure 1.  Ground state and high energy or ‘excited structures’ of pyridine 
N-oxide 

Ochiai and co-workers published in Japan a series of 
papers on the preparation and reactions of pyridine N-oxide 
and cognate compounds. Ochiai sent a review of these papers 
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to the Journal of Organic Chemistry[4]. In the appendices 
there is a  detailed preparation  of pyridine N-oxide, using 
glacial acetic acid and 35% hydrogen peroxide. The b.p. of 
the N-oxide is 138-140°C/15 mm, with a 96% yield. Other 
experiments were described previously[5], mentioning the 
intermediate peroxy  acid. Similar works were done in 
Holland by den Hertog and Overhoff[6]. 

Afterwards, the donor properties of pyridine N-oxide were 
reported[7] in a study of the ability of the compound to 
behave as a ligand. An example is the compound from cobalt 
nitrate and six ligands: the hexakis derivative Co(NO3)26L, 
[Co(C5H5NO)6](NO3)2. 

The infrared and the near-ultraviolet absorption spectra of 
pyridine N-oxide have been studied[8]. The in frared band at 
1265 cm-1, in carbon disulfide solution, was assigned to the 
NO stretching vibration. In the electronic spectrum, in 
cyclohexane solution, there are π-π* transition bands at 283 
mμ, log ε m = 4.11 and 251 mμ, log ε m = 3.30. 

The near-ultravio let absorption of pyridine N-oxide has 
been photographed at high resolution[9] in the range 
295-365 nm. The results, in the excited state, involve a 
decrease in the NO distance and an increase in the 
dimensions of the ring. As it can be seen, this is in 
accordance with at least one of Linton’s ‘excited structures’. 

The microwave spectrum of pyridine N-oxide was studied 
[10]. The dipole moment was found to be 4.13 D, and the NO 
bond is shorter and stronger than that of trimethylamine 
oxide. Th is is due to oxygen π-electron delocalization as in 
structures 2, 3 and 4, Figure 1. 

The molecular structure of pyridine N-oxide has been 
determined by gas phase electron diffract ion[11]. The N ̶ O 
bond distance is 1.29 Å. It is longer than in nitric oxide (NO, 
1.18 Å) but it  is shorter than in  (CH3)3NO, 1.34 Å. A dative 
N ̶ O bond is usually longer than a normal N ̶ O bond. A 
single C ̶ N bond has an average value of 1.47 Å and a C=N 
double bond has values ranging from 1.28-1.30 Å. The C=N 
bond in pyridine N-oxide has a value which lies between a 
single and a double bond (1.38 Å). 

A 13C NMR study of pyridine N-oxide[12] shows that the 
γ-carbon resonance in carbon tetrachloride occurs at an 
unusually high field (lower frequency) as compared to the 
same signal in pyridine or pyridinium salts. 13C-α: 138.7; 
13C-β: 125.6; 13C-γ: 123.2 ppm (downfield from internal 
tetramethylsilane). The high-field shift of the γ-carbon 
implies a high electron density at this position, in agreement 
with a significant contribution of structure 3. Due to these 
results, the pyridine N-oxide molecule has been represented 
as 3 in spectroscopy handbooks[13]. 

2.1. Discussion 

As the dipole moment o f pyridine N-oxide is appreciably  
smaller than the expected theoretical value, Linton[3] 
proposed the three ‘excited structures’ mentioned above (2, 3 
and 4). There is no doubt about the low dipole value, since 
the microwave determination[10] gave a value even a litt le 
smaller. However, only the ‘excited structure’ 3 have been 

confirmed by 13C nuclear magnetic resonance since only the 
γ-carbon resonance signal appears up-field  (at lower 
frequency). This result is in agreement with the 
regioselectivity observed in the pyridine N-oxide n itration 
experiments, as it will be d iscussed in the next section. Due 
to this concordance, we rejected the ‘excited structures’ 2 
and 4 as a result of the experimental data, in accord to 
empiricis m. 

Moreover, Linton did  not gave an explanation as how the 
high-energy ‘excited structures’ can be formed. The 
formation of dipole-structure 3, the only acceptable one, 
presents theoretical problems. It is well known that the 
polarization of an imino group occurs towards the nitrogen 
atom. In the pyridine molecule, this electronic shift is the 
basis of Tchitchibabin’s reaction[14],[15] to obtain 2-amino
pyridine. This shift to the n itrogen atom is enhanced in 
pyridine N-oxide ground state, 1, since now there is an 
iminium ion, with  a positive charged n itrogen atom. 
However, this polarization tendency must be inverted in 
order to fo rm structure 2 and then 3. We can invoke the 
electron donor property of the negative charged oxygen 
towards the positive nitrogen atom to form structure 2, 
Figure 1. But look at the obtained adverse results: a) the 
nitrogen atom remains positive, since it has not been 
neutralized; b) a negative charge is more stable in an oxygen 
atom than in a carbon atom, as is now in 2; and c) the ring 
aromat icity has been lost. 

Our proposal to overcome these problems is to take into 
account the set of the expected resonance structures (5, 6 and 
7), with normal electronic shifts. Figure 2. 
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Figure 2.  Ground state and expected resonance structures of pyridine 
N-oxide 

Structures 5 and 7 have 1-3 d ipole moments, whereas 
structure 6, with a 1-5 d ipole moment, is more unstable. At 
this point is very useful the concept of electromeric effect 
provided by the English School of Chemistry[16,17]. This 
concept, meaning the part icipation o f an  external ion to 
produce a polarization, is a good help in order to find a 
solution to the problem of contrary polarization ment ioned 
above. Thus, the unstable resonance structure 6 can attract 
electrons from a molecule in the ground state, 1, as is shown 
in Figure 3, thus promoting the unexpected electronic shift.  

This intermolecular induction can be considered an 
especial case of the electromeric effect, since the external ion 
does not come from an added reagent. We must bear in mind 
that the dipole moment of pyrid ine N-oxide was determined 
in benzene, a non-polar molecule. 
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Since the above mentioned effect is of autogenic nature, 
this novel interaction can be termed ‘autogenic electromeric 
effect’. 
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Electrostatic dimer 
Figure 3.  Electronic shift  by intermolecular induction (autogenic 
electromeric effect) in pyridine N-oxide 

The proposal of a  push-pull mechanis m, Figure 3, not only 
explains the format ion of structure 3, but why structures 2 
and 4 are unimportant. Structure 2 is only transient in order 
to form electromer[18],[19] 3. This semiquinoid structure 
reminds the cyclopentadiene-anion structure, 8, with 
aromat ic character, Figure 4. This relat ionship can explain in 
part the preference of structure 3 against the electric isomers 
2 and 4. 
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Figure 4.  Structure 3 and cyclopentadiene anion 

3. Pyridine N-oxide Nitration 
It was known that in benzene nitration the reactive species 

is the nitronium ion[20]. Thus, Ochiai in Japan, based on 
Linton’s ‘excited structures’, nitrated pyridine N-oxide in 
different experimental conditions[21-23]. Some years later, 
before the abstracts of the last two papers appeared in 
English, den Hertog and Overhoff in Holland[6] nitrated the 
same compound. 

Both research groups found that the reaction product is 
4-nit ropyridine N-oxide[24], i.e., there is reg ioselectivity. 
This result supports only one of the three structures proposed 
by Linton (Figure 1). It is important to note that reaction at 
C-2 and at C-6 would yield 2-n itropyridine N-oxide, and in a 
double quantity than that obtained of 4-nitropyridine 
N-oxide, which is not the case at all. 

The preparation of 4-n itropyridine N-oxide has been 
detailed in a Bremen University communicat ion[25], 

including the IR, 1H NMR and 13C NMR spectra. 

3.1. Discussion 

A comparison of the reactivity of pyridine and pyridine 
N-oxide has been made[26]. The N-oxide nitration (at C-4) 
can be effected much more readily that with pyridine, 
although the reaction is still more d ifficult  than the nitration 
of benzene. Pyridine N-oxide is nitrated by concentrated 
nitric and sulphuric acids at 130°C during 3.5 hours[4] while 
benzene reacts with the same reagents at 50°C. Cf.[27-29]. 

The comparison is interesting because we deduce that 
even structure 3, the only acceptable of Linton’s structures, 
is not very important. Notwithstanding the negative charge at 
C-4, pyridine N-oxide presents a lower react ivity than 
benzene, a neutral molecu le, and we must take into account 
that the reactive species is a positive ion (nitronium ion), 
which would react very fast with any carbanion of Linton’s 
structures. So, there must be a low population of molecules 
having structure 3. 

The kinetics of nitration  of pyridine N-oxide shows that 
the reaction occurs through the free base[30-32]. This 
experimental result is in accordance with theory since 
structure 3 derives obviously from the free base. 

The novel electrostatic dimer proposed in the previous 
discussion, yields the reactive ylide 3, and nitrat ion occurs. 
The other component, structure 6, can return to the ground 
state, 1, then the nitronium ion originates the electromeric 
effect and nitration takes place. 

Other possibility is that remaining structures 6 can form 
more structures 3 from molecules in the ground state, 1, 
giving more electrostatic dimer. 

4. Conclusions  
The format ion of the ‘excited structures’ proposed by 

Linton for pyridine N-oxide requires a theoretical 
explanation since it implies an electronic shift contrary to the 
mesomeric effect of the imin ium ion present in the ground 
state. In  order to  form the p roposed ylides, the 
electron-donor effect of the oxygen atom must surpass the 
opposite mesomeric effect. Thus, a promoter is required, 
such as an electromeric effect. In the absence of other 
reactant, we explain th is singularity by the part icipation of 
the resonance structure 6, with positive charge at C-4, that is, 
the existence of intermolecular induction. 

Linton’s ‘excited structures’ for pyridine N-oxide pred ict 
reaction at the 2-, 4- and 6-position. However, in an 
electrophilic substitution reaction such as nitration, there is 
reaction only at C-4 (reg ioselectivity), and the 13C NMR 
spectroscopy only supports higher electronic density at C-4. 
From these experimental results, we discard the ‘excited 
structures’ with a negative charge at C-2 and C-6, since a 
theory must be in assent with empirical results. 

We have proposed a novel push-pull mechanism via 
intermolecular induction, which can be named ‘autogenic 
electromeric effect’. We have also explained the 
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regioselectivity of pyridine N-oxide nitrat ion. 
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