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Concept about Reactive Intermediates: 

Chemical reactions are nothing but the bond breaking and bond making processes. A covalent 
bond between two atoms can be broken in essentially the following ways: 

R X

R X

R X

R X

Homolytic fission

Heterolytic fission

Heterolytic fission
 

In the first case, each atom separates with one electrons, leading to the formation of highly reactive 
entities called radicals, owing their reactivity to their unpaired electrons; this is referred to as 
homolytic fission of the bond. Alternatively, one atom may hold on to both electrons, leaving none for 
the other, the result in the above case being a negative and a positive ion, respectively. Where R and 
X are not identical, the fission can, of course, take place in either of two ways, as shown above, 
depending on whether R or X retains the electron pair. Either of these processes is referred to as 
heterolytic fission, the result being the formation of an ion pair.   

Organic reactions are generally multistep reactions and the sequence of steps through which 
the reaction takes place is called mechanism of reaction. In most of the cases, reactants first change 
into intermediate substances known as the reactive intermediates. These ultimately yield the products. 
The reaction intermediate is extremely short lived. Their life is about 10-12 sec. Thus, reaction 
intermediates are the species which are not originally present in the initial reactants as well as the final 
products. They get formed during one step in a reaction and then immediately get consumed in the 
next step. The cause of their reactivity is either the presence of some charge or incomplete octed. 

 

i) Carbocation: 

At the early stage of chemistry for many years the positively charged intermediate which we 
referred to as carbocation was known as “carbonium ion”, though as long as 1902, it was suggested 
that this naming carbonium ion is not appropriate as “-onium” generally refers to covalence higher 
than that of the neutral atom. Olah then proposed that “carbonium ion” should be appropriated for 
such pentacoordinated positive ions and the tricoordinated positive ion should be named as 
“carbenium ions”. Thus, we have the following situations: 
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However, the existence of pentavalent species are much rare and thus the term “carbocation” is 
mainly used for trivalent carbon which produces minute or no misunderstanding. Acarbocation is the 
intermediate in which the central positively charged carbon atom is in sp2 hybrid orbitals in xy plane 
and an unhybridized  vacant pz-orbital perpendicular to σ-plane. The carbon atom in a carbocation is a 
“sextet” of electrons. Thus carbocations are generally unstable because they do not have eight 
electrons to satisfy the octet rule. The geometry of the simple carbocation can be represented in either 
of the following forms: 

 

 Types of carbocations:  

These are the different types of carbocations: 

 

 Stability of Carbocations: Various Governing Factors 

Carbocations are highly reactive and get consumed as soon as they get formed but the relative 
order of their stabilities is  

 3° carbocation, 2° carbocation, 1° carbocation, Methyl carbocation 

                                                  Stability decreases 

This order can be explained on the basis of dispersal of positive charge on different atoms. 
Greater the dispersal of positive charge on different atoms, more is the stability. Thus, tertiary 
carbocation having three electron donating alkyl groups attached to the positively charged carbon is 
most stable. It is because the total positive charge on carbon gets dispersed on four carbon atoms due 
to the +I effect of three alkyl groups. 
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The secondary carbocation in which the total positive charge on carbon atom is dispersed 
over three carbon atoms is less stable than tertiary carbocation. This is due to the +I effect of the two 
alkyl groups attached to the positively charged carbon. Similarly, primary carbocation is less stable 
than the secondary carbocation. The methyl carbocation in which the total positive carbocation charge 
is present on one carbon only, is least stable. 

 

The stability of carbocations can also be explained on the basis of hyperconjugation. The 
number of hyperconjugative structures for a particular carbocation depends upon the number of α-
hydrogen atoms present. In methyl carbocation (CH3

+), there are no α-hydrogen atoms present. 
Therefore, it is least stable. The ethyl carbocation (CH3CH2

+) with three α-hydrogen atoms is 
comparatively more stable due to three hyperconjugative structures.  

 

Similarly, isopropyl carbocation with six α-hydrogen atom has six hyperconjugative 
structures while the tert. butyl carbocation has nine hyperconjugative structures. Thus, the order of 
relative stabilities of the carbocation is justified. 

Sometimes, carbocations are also stabilized by resonance, e.g, benzyl carbocation is 
primary in nature but is highly stable because of resonance stabilization. 

 

In this connection, it is worthwhile to mention that cyclopropylmethyl carbocations are 
more stable  than the benzylic type. This special stability is a result of conjugation between the bent 
orbitals of cyclopropyl ring and the vacant p-orbital of the cationic carbon as indicated below: 

 

Q1. Arrange the following carbocations in order of their increasing stability? 

Ph3C
+, Ph2CH+, PhCH2

+, CH2=CH-CH2
+, (CH3)3C

+, (CH3)2CH+, CH3CH2
+, CH3

+ 

Q2. The carbocation A is mare stable carbocation than carbocation B - explain. 
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Q3. Cyclopentadienyl cation is less than cyclopropenyl cation – Explain. 

 Structure of carbonium ion (CH5
+): 

Methanium ion is a cation with formula CH5
+, namely a cation with one carbon atom 

bonded to five hydrogen atoms bearing (+1) positive charge. 

 

It is undoubtedly a superacid and one of the onium ions, indeed the simplest carbonium ion. 
The methanium ion is named after methane (CH4) by analogy with ammonium ion (NH4

+) derived 
from ammonia. Methanium ion can be envisioned as CH5

+, a carbocation with a molecule of hydrogen 
interacting with the empty p-orbital of carbocation. Here it is considered that the bonding electron pair 
of hydrogen molecule is shared between two hydrogen and one carbon atom making up the 3-centre-
2-electron bond. Methanium ion can be prepared from methane by the treatment with antimony 
pentafluoride in hydrogen peroxide.  

 

ii) Carbanions: 

A carbanion can be described as an anion in which carbon is trivalent and bears a formal 
negative charge on that carbon atom or at least bears a formal negative charge on a carbon atom in 
one significant canonical form when that anion is stabilized through resonance. This can be roughly 
exemplified in the following forms: 

 

A carbanion is best considered to be the conjugate base of a carbon acid: 

 

 Types of Carbanions: 

These are the different types of carbanions: 
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 Structure and Stability of Carbanions: 

Common carbanions are trivalent with sp3 hybridization. The lone pair of electrons occupies 
one of the sp3 orbitals. The shape is thus pyramidal. The carbanion can undergo inversion or retain its 
stereochemistry depending on the attached substituents. 

 

A methyl carbanion has a barrier to inversion of about 2 kcal/mole whereas trifluoromethyl 
carbanion has a barrier of 120 kcal/mole. This can be explained on considering the fact in the planar 
transition state of trifluoromethyl carbanion, there is a destabilization due to lone pair- lone pair 
repulsion that are present on the carbon and fluorine. It is an important point to note that carbanion 
takes trigonal planar geometry (sp2 hybridised) when attached to electron withdrawing group.  

Carbanions are highly reactive species and get consumed as soon as they get formed. The 
relative order of stabilities of the alkyl carbanions is: 

Methyl carbanion > Primary carbanion > Secondary carbanion > Tertiary carbanion 

The above order of stabilities is explained on the basis of the increasing localization of negative 
charge on the carbon atom. The alkyl radical with +I effect tends to increase the electron density on 
the negatively charged carbon atom and thus, decrease the stability. Greater the number of the alkyl 
groups attached to the negatively charged carbon atom, lower will be the stability of the carbanion.  

 Again carbanions are highly stabilized through conjugation of the unshared pair of electrons 
with adjacent double bond or triple bond. Simplest examples of this type are the cases of allylic and 
benzylic types carbanions: 
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In addition to the above when the carbanionic carbon is conjugated with carbon-oxygen or 
carbon-nitrogen multiple bonds, the stability of the carbanion is greatly increased and it is found that 
these are more stable than that of triphenylmethyl anion. 

 

Another factor responsible for the stability of the carbanion is the hybridized state of 
carbanionic carbon. Let us consider the stability of carbanions in the following order: 

CH C CH2 CH H3C CH2> >
sp sp2 sp3

 

This is explained on the basis of s-character of the hybrid orbital carrying the negative charge. Greater 
the s-character, closer are electrons to the nucleus and hence, lower the energy. Thus stability of 
carbanions increases with an increase in the s-character at the carbanion carbon. 

Q4. Cyclopropyl carbanion is more stable in comparison to Isopropyl carbanion or propyl 
carbanion- explain. 

Q5. The following secondary carbanion is highly stable – explain. 

 

(iv) Free radicals: 

A free radical is defined as a molecular entity bearing an unpaired electron on a non-metal 
atom. These are usually short-lived and highly reactive intermediates involved in many synthetic and 
industrial processes. Depending upon the core atom that possesses the unpaired electrons, the radical 
can be described as carbon-, oxygen- or nitrogen-centred radicals. In recent time, free radicals are also 
referred to as simply radicals  We are more interested about the carbon-centred free radicals. The 
radicals are generated by homolytic cleavage of a chemical bond and it is expected that greater the 
stability of the radicals formed, lower is the Bond Dissociaton Energy (BDE) required to cleave that 
bond. 

 

Like carbenium ions, carbon-centred free radicals are sp2 hybridised with an odd electron in 
non-bonding p orbital and are trigonal planar in shape.  
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Since, both carbon-centred free radicals and carbenium ions are electron deficient, the factor 
that stabilized the carbenium ion, also stabilizes carbon-centred free radicals. Hence, we are getting 
the following stability order of carbanion. 

Methyl, Primary alkyl, Secondary alkyl, Tertiary alkyl 

Stability of the radical increases 

Q6. Methyl radical is trigonal planar whereas trifluoromethyl radical is pyramidal – 
explain. 

Q7. Explain the following observation: 

 

(iv) Carbenes: 

Carbenes are neutral species containing a carbon atom with six valence electrons. The 
simplest carbene is methylene CH2:. There are two type of carbenes – singlet carbenes and triplet 
carbenes. 

Singlet Carbenes: They have a pair of electrons in a non bonding sp2 orbital and have an 
empty p orbital. The bond angles are 130° - 150°. 

Triplet Carbenes: They have two unpaired electrons, one in each of an sp2 and a p orbital. 
The bond angles are 100° - 110°. 

 

Between the two carbenes, triplet carbenes is more stable than singlet carbene by 40 
KJmole-1 according to Hunds rule of spin multiplicity. Simple carbenes (CH2:) are electrophilic in 
nature but depending upon the nature of the substituents attached to carbene carbon, they  sometimes 
behave as nucleophile. 

Q8. Each of the following carbenes has been predictyed to be in singlet state – Explain. 
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Which one of the above carbenes behaves like a nucleophile? 

(v) Nitrene: 

A nitrene is the nitrogen analogue of a carbene. It has one covalent bond and four non-
bonded electrons. They are electrophilic in nature. These types of intermediate are involved in several 
reactions e.g. Hofmann, Curtius, Losson rearrangement etc which will be discussed later. 

 

(vi) Benzyne: 

Benzynes are highly reactive species derived from a benzene ring by removal of two 
substituents. It seems more likely that the delocalized π orbitals of the benzene ring are left largely 
untouched (Aromatic stability thereby being conserved), and that the two available electrons are 
accommodated in the orginal sp2 hybrid orbitals. Overlap between these orbitals will be very poor and 
the resultant bonding correspondingly weak. Benzynes are thus likely to be highly reactive towards 
nucleophile. Here, an important point is to note that they cannot be acetylenic as this would require 
enormous deformation of the benzene ring in order to accommodate the 180° bond angle required by 
the sp hybridised carbons in an alkyne. 

 

 


