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Abstract: In this paper we want to present together our theoretical findings on aromatic nitration, involving both homocyclic 

and heterocyclic compounds. Our theoretical proposals have been introduced in recent years via several research 

communications. These theories convey new concepts in Organic Chemistry, such as Electric Hindrance, Autogenic 

Electromeric Effect, the formation of Precursor Complexes, as well as, short- and long-distance electric interactions in the 

reactive intermediates. These concepts explain the regiochemistry and the reaction yields, clearing up some obscurities found in 

Organic Chemistry. Thus, these theoretical considerations are filling gaps in the theory of supposedly well known chemical 

reactions, improving and updating the Chemical Education. 
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1. Introduction 

Some fundamental chemical reactions have been 

thoroughly studied in order to improve and update the theory 

related with them. We have focused our attention on the 

regiochemistry and the reaction yields of several nitration 

processes.  

These advances have been communicated gradually and in 

isolated form, as it will be seen. Now we want to present 

them collectively, in a unified summary. 

2. Theoretical Part 

2.1. Precursor Complexes and Electric Hindrance 

Acetanilide can be nitrated with sulfonitric mixture 

(HNO3/H2SO4) or with acetyl nitrate (CH3CO2NO2). In the 

first case p-nitroacetanilide is obtained in 90% yield and only 

10% of the ortho isomer is formed [1]. With acetyl nitrate the 

reaction yields are inverted and the ortho isomer is obtained in 

95% yield [2]. 

We have explained these results [3] as follows: in the 

nitration with acids we neglect steric hindrance as the 

determining factor since with acetyl nitrate a 95% yield of the 

ortho isomer is formed. In this second case the dipolar 

structure of acetyl nitrate can interact with the dipolar 

resonance structure of acetanilide, “Scheme 1”. Thus, a 

reagent-substrate precursor complex can be formed, i.e., a five 

member chelate. 
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Scheme 1. Acetanilide-acetyl nitrate complex previous to nitration 

Being stabilized the upper part of the chelate, the positive 

nitrogen atom in the acetyl nitrate reacts with the benzene ring 

at C-2, “Scheme 2”. 

In our proposal acetyl nitrate reacts without any previous 

dissociation. This is in complete agreement with logic and 

with experimental results. If this reagent produced nitronium 

ions, reacting as ionic nitronium acetate, the reaction products 

would be the same as those obtained with sulfonitric mixture, 

a source of nitronium ions. Besides, 
14

N-NMR studies indicate 

that acetyl nitrate does not dissociate [4]. 

The preponderance of 4-nitroacetanilide when mixed-acid 

is used can be explained as follows. Due to the amide 

resonance in acetanilide, this compound is not expected to 

contribute electrons to the benzene ring, but until a positive 
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ion, such as a nitronium ion, forms a π-complex and then 

induces polarization, i.e., until the electromeric effect [5, 6] 

occurs. 
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Scheme 2. Mechanism of 2-nitroacetanilide formation 

The great reactivity at position 4 can be explained by 

reaction at the farthest double bond from the positive nitrogen 

atom in acetanilide resonance structure, in order to avoid 

electric repulsion, “Scheme 3”. We call this behaviour Electric 

Hindrance, since there is no reactivity at C-2. 
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Scheme 3. Mechanism of 4-nitroacetanilide formation 

This way, we have provided the required theories to fully 

explain both pathways in acetanilide nitration. 

This new concept, electric hindrance, has had application in 

order to explain other reactions, such as 2-aminopyridine 

nitration [7] and the quinoline and isoquinoline nitrations [8]. 

In the nitration of 2-aminopyridine two isomeric nitro 

compounds are obtained: 2-amino-3-nitropyridine and 

2-amino-5-nitropyridine [9, 10]. The interesting fact is that 

they are obtained in very different proportions: the 

5-nitro-isomer is obtained in 90% yield and the 3-nitro-isomer 

in 10% yield. This great difference must be explained. Steric 

hindrance can be invoked, but we have found that major 

factors are present in these reactions. 

In acidic medium, 2-aminopyridine can be protonated in the 

endo- and in the exo-cyclic nitrogen. However, this compound 

is much more reactive than pyridine. This reactivity indicates 

that there are protonation and deprotonation processes, the 

free amino group being capable of electron donor properties. 

Kekule structures 1 and 2 are not equivalent in order to explain 

this reactivity, “Fig. 1”. The first, in acidic medium, forms an 

iminium-enamine grouping, 3, which turns to structure 4, 

precluding electronic contribution to the ring from the amino 

group. Neither the electronic-ring structure 5 is adequate, 

since there is no equal reactivity at the C atoms. There is 

heteronomy, not isonomy. 
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Figure 1. 2-Aminopyridine representations and relation to reactivity 

On the other hand, structure 2 forms the 2-aminopiridine 

cation, 6, which when is activated by heat, gives structures 7 

and 8, “Fig. 2”. 
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Figure 2. High energy resonance structures of 2-aminopyridinium cation 

In the excited structure 7 there is a 1, 3-dipole arising from 

the amino group, whereas in semiquinone structure 8 there is a 

1, 5-dipole. In both structures, 7 and 8, there is another 1, 

3-dipole involving the two positive charged nitrogen atoms. 

This electric repulsion can be eliminated by deprotonation, 

forming the intermediates 9 and 10, “Fig. 3”. 
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Figure 3. Neutral dipole structures as reactive intermediates in 

2-aminopyridine nitration 

The much higher reactivity of 2-aminopyridine compared 

with that of pyridine, is in agreement with an electrically 

neutral substrate, like 9 and 10, instead of the presence of a 

pyridinium cation in the reaction step, as in pyridine nitration. 

Isomers 9 and 10 show 1, 3- and 1, 5-dipoles, respectively, 

and possess very different reactivities. The nitronium ion 
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reacts with the carbanions in 9 and 10. In the first case there is 

steric hindrance due to the iminium group, but the major effect 

is the electric repulsion due to the nitrogen positive-charge 

(electric hindrance). In structure 10 there is no hindrance and 

hence 5-nitro-2-aminopyridine is the main product. Besides, 

the 1, 5-dipole in 10 is of higher energy content than the 1, 

3-dipole in 9, and therefore it is more unstable and more 

reactive than 9.  

Other involved factor is the different carbanion reactivity. 

In structure 9 the carbanion is closer to the positive charge, 

thus more stable and less reactive. In intermediate 10 there is 

an isolated or nude carbanion, then more reactive. All these 

factors favour 5-nitro-2-aminopyridine formation and explain 

the high yield of this product. 

2.2. Short- and long-range electric interactions 

As it was mentioned above, quinoline and isoquinoline 

nitrations were also studied [8]. When these compounds are 

nitrated in acidic medium, the acid-base reaction occurs first 

and a benzopyridinium cation is formed. This favours reaction 

at the benzene ring due to electric hindrance, i.e., repulsion of 

the positive nitronium ion by the positive nitrogen atom. 

In both compounds, quinoline and isoquinoline, there is 

mono-nitration: either at C-5 or at C-8. With quinoline, the 

reaction yields are ca. 50% in each position, whereas in 

isoquinoline the yields are completely different: 90% at C-5 

and only 10% at C-8, [11, 12], “Scheme 4”. 
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Scheme 4. Benzopyridines nitration with mixed-acid 

Here two interesting questions arise: a) Why the 

carbocyclic ring reacts at the alpha positions (5 and 8) and not 

at the beta ones (6 and 7) ?, and b) Why in the quinoline 

molecule the reaction yields are 1:1, whereas in isoquinoline 

they are 9:1 ? 

We answered these questions [8] as follows: when the 

previously formed quinolinium cation reacts with a nitronium 

ion, the π-complex at the benzene ring must open in a way that 

the positive charge generated at the vicinal carbon atom is at 

the farthest position respect to the nearer positive electric 

charge in any of the quinolinium resonance structures. This 

way there is the minimum of electric repulsion in the 

bi-positive cation formed. Thus, the regiochemistry is 

governed by electric hindrance. For instance, when nitration 

occurs at C-5 the two positive charges are in a 1, 4-range. If 

reaction occurred at C-6, the positive charges would be closer, 

at a 1, 3-range. So, the influential quinolinium resonance 

structure is those with the positive charge at C-4, nearer to the 

reaction site. The 7-8 double bond reacts at C-8 leaving a 

positive charge at C-7, farther respect to the nearer positive 

charge, at C-1 in this case, “Scheme 5”. 
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Scheme 5. Quinolinium resonance structures and reaction due to electric 

hindrance 

The quinolinium cation presents positive electric charges 

both at the upper part (C-4) and in the lower part of the 

molecule (N-1 and C-2). This distribution explains the similar 

reactivities of both double bonds, 5-6 and 7-8. 

On the other hand, the isoquinolinium cation presents only 

two resonance structures, with a positive charge at C-1 and 

N-2, respectively. Thus, in this molecule there are two zones: a 

positive one and the other neutral, “Scheme 6”. 
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Scheme 6. Reactive zones in isoquinolinium cation that govern the nitration 

yields 

This explains the great reactivity of the 5-6 double bond, 

which is in the neutral upper-zone, compared to the low 

reactivity of the 7-8 double bond, located in the positive 

lower-zone that rejects the nitronium ions. Besides, when the 

5-6 double bond reacts, in the resulting bi-positive 

intermediate the electrical charges are in a 1, 5-range, whereas 

the 7-8 double bond originates a bi-positive intermediate with 

nearer charges, i.e., in a 1, 4-range. 

As it can be seen, the distribution of the positive electric 

charge in the resonance structures of the reacting cation is very 

important because it directs not only the regiochemistry but 

also the reaction-yields ratio. 

The electric hindrance effect is very clear in these reactions, 

since not being substituents in the substrate, steric hindrance 

cannot be invoked at all. 

2.3. Autogenic Electromeric Effect 

Linton studied the dipole moments of several amine oxides 

[13] and found that the dipole moment of pyridine N-oxide is 

appreciably smaller than the expected theoretical value.  

Thus, in addition to the ordinary resonance structures 

derived from the ground state, “Fig. 4”, he proposed the 

existence of three ‘excited structures’ as contributors. 
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Figure 4. Ground state and ordinary resonance structures of pyridine N-oxide 

The high energy structures have an electric negative charge 

on the ring, instead on the oxygen atom, in order to explain the 

observed small dipole moment in pyridine N-oxide, “Fig. 5”. 
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Figure 5. Linton’s high energy structures (excited structures) of pyridine 

N-oxide 

There is no doubt about the low dipole value since the 

microwave spectrum of pyridine N-oxide gave a value even a 

little smaller [14]. However, only one of the three excited 

structures has been confirmed, as it will be seen. 

Nitration experiments with pyridine N-oxide [15-19] 

showed that the reaction product is 4-nitropyridine N-oxide, 

i.e., there is regioselectivity. It is important to note that 

reaction at C-2 and at C-6 would yield 2-nitropyridine 

N-oxide, and in a double quantity than that obtained of 

4-nitropyridine N-oxide, which is not the case at all. From 

these experimental results, we discard the excited structures 

with negative charge at C-2 and at C-6.  

Moreover, 
13

C NMR spectroscopy [20] only indicates 

higher electronic density at C-4 in pyridine N-oxide. This is in 

agreement with the results of reactions performed much earlier. 

However, the only acceptable of Linton’s structures presents 

several problems that we have solved recently [21]. 

The comparison of the reactivity of pyridine has been made 

[22]. The N-oxide nitration (at C-4) can be effected much 

more readily that with pyridine, although the reaction is still 

more difficult than the nitration of benzene [23-25]. This 

comparison is interesting because it lets us see that even a 

structure with a carbanion at C-4, and reacting with a 

nitronium ion, presents a lower reactivity than benzene. So, 

we deduce that there must be a low population of molecules 

having that structure. 

Moreover, Linton did not gave an explanation as how the 

high-energy excited-structures can result. The formation of 

any of them implies an electronic shift contrary to the 

mesomeric effect of the iminium ion present in the ground 

state of pyridine N-oxide. In order to form the proposed ylides, 

the electron-donor effect of the oxygen atom must surpass the 

opposite mesomeric effect. Thus, a promoter is required. We 

propose the existence of polarization by intermolecular 

induction , i.e., participation of an external ion (electromeric 

effect). In the absence of other reactant, we deduce the 

participation of the resonance structure with a positive charge 

at C-4. This electromer [26, 27], with a 1, 5-dipole is the most 

unstable of the ordinary resonance structures, and therefore 

the most reactive, and can attract electrons from a molecule in 

the ground state, as is shown in “Scheme 7”. 
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Scheme 7. Interaction of the ground state and an ordinary resonance 

structure in pyridine N-oxide to induce abnormal polarization and formation 

of an electrostatic dimer 

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 take into account that 

the dipole moment of pyridine N-oxide was determined in 
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benzene, a non-polar molecule. 

Thus, this novel interaction can be termed Autogenic 

Electromeric Effect. 
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