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Organic reactive intermediate 

In chemistry, a reactive intermediate or an intermediate is a short-lived, high-

energy, highly reactive molecule. When generated in a chemical reaction, it will 

quickly convert into a more stable molecule. Only in exceptional cases can these 

compounds be isolated and stored, e.g. low temperatures, matrix isolation. When 

their existence is indicated, reactive intermediates can help explain how a chemical 

reaction takes place. Reactive intermediates based on carbon are free 

radicals, carbenes, carbocations, carbanions, nitrenes, and benzynes. 

 

A carbocation is molecule having a carbon atom bearing three bonds and a positive 

formal charge. Carbocations are generally unstable because they do not have eight 

electrons to satisfy the octet rule.   

 

  Carbocation Classification  

In order to understand carbocations, we need to learn some basic carbocation 

nomenclature concerning the number of carbon groups bonded to the open valence 

shell carbon. A carbocation in which the open valence shell carbon is not bonded to 

any carbon groups is termed a methyl carbocation. A primary carbocation (1o 

carbocation) is one in which there is one carbon group attached to the carbon bearing 

the positive charge. (These groups are shown in red below.) A secondary (2o) 

carbocation is one in which there are two carbons attached to the carbon bearing the 

positive charge. Likewise, a tertiary (3o) carbocation is one in which there are three 

carbons attached to the carbon bearing the positive charge.  

https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Matrix_isolation
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Radical_(chemistry)
https://en.wikipedia.org/wiki/Carbene
https://en.wikipedia.org/wiki/Carbocation
https://en.wikipedia.org/wiki/Carbanion
https://en.wikipedia.org/wiki/Aryne
https://en.wikipedia.org/wiki/Carbyne
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  Carbocation Stability 

The stability order of carbocations bearing only alkyl groups is  

 3o > 2o > 1o > CH3 

Cation stability is influenced by FOUR factors:  

a) Hyperconjugation Increasing the number of alkyl substituents increases the 

stability of the carbocation. This is due to orbital overlap between the σ bond 

and the empty p orbital on the sp2 carbon.  

When an alkyl group is attached to an unsaturated system such as double 

bond or a benzene ring, the order of inductive effect is actually reversed. 

This effect is called hyperconjugation effect. 
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b) Inductive Effects Neighbouring alkyl groups contain electrons that are 

polarizable, and these can shift towards the positive charge. (Small 

Hydrogen substituents cannot do this as well).  
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c) Resonance Effects Conjugation with a multiple bond or lone pairs of electrons 

increase the stability of a carbocation. 

Therefore, allylic and benzylic systems are more stable than their saturated 

counterparts. 

Be aware of the potential for heteroatoms to stabilize carbocations (since they can 

have lone pairs). 
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Benzylic carbocation 

c) Hybridization also influences cation stability.  The more s character in an 

orbital, the less stable the cation. Therefore, sp hybrid cations are very 

unstable.  

Due to the resonance stabilisation, a primary allylic or benzylic carbocation is 

almost as stable as a secondary alkyl carbocation and a secondary allylic or 

benzylic carbocation is about as stable as a tertiary alkyl carbocation. 

 

 

 

  

Delocalization Stability: 

 Bridged carbocation formation: for example: bridged phenonium ion 
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The Stability by Aromatation: 

Carbocation from tropylium bromide compound: 

 

 

                                               Tropylium cation 

 

1,2,3- Tripropylcyclopropene                                                 Cyclopropenyl cation 
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Due to overlapping of cyclopropyl ring's bond to vacant p-orbital at carbocation. 

It is a very special and important case of organic chemistry. They are stable due to 

bind bond conjugation. ... So, cyclopropane donate electron to methyl 

carbocation and stabilize it. 

The bent bonds of the cyclopropane ring can overlap with the empty p orbital without 

steric hindrance. 

 
 

The positive charge on the carbon of triphenylmethyl carbocation is distributed 

uniformly over a number of structures. The aromaticity (i.e you can move the pi 

bonds around) of the phenyl groups allow for many possible resonance 

structures, and thus more potential for delocalization of the positive charge. 

Hence, the triphenylmethyl cation, (C6H5)3C+ is stable because it has many resonance 

structures. 
However, the resonance overlap of the π orbitals is not perfect because steric 
hindrance forces the ion to have a propeller shape. 
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The most stable carbocation 

 
Add the conjugation with cyclopropyl rings, and the most stable carbocation prepared to 
date is probably the tricyclopropylcyclopropenium cation. 

 
 

Arenium ions 

 
Nothing beats the stability of aromatic cations like cyclopropenium and 
cycloheptatrienylium (tropylium) cations. 

 
 
 
tropylium is highly stable due to conjugated system, that being, it is resonance stabilized 
and the number of canonical forms of tropylium is more.  
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d) Carbocation from diazo compounds 

 

 

 

 

e) Carbocation from silver ion with alkyl halides 
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Reaction of Carbocation 

Carbocations are stabilized by neighboring carbon atoms. 

The stability of carbocations increases as we go from primary to secondary to 

tertiary carbons. carbocations become more stable as you increase the number of 

electrons donating groups attached to them. Alkyl groups are a perfect example: 

 

One rearrangement pathway where an unstable carbocation can be transformed 

into a more stable carbocation is called a hydride shift. Look at the diagram 

below. 
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Now we’re ready to show how the rearrangement reaction occurs with the SN1. 

Recall that the first step in the SN1 is that the leaving group leaves to give a 

carbocation. In the case below, the carbocation that is formed is secondary, and 

there’s a tertiary carbon next door. Therefore, a rearrangement can occur to give 

the more stable tertiary carbocation, which is then attacked by the nucleophile (water 

in this case). Finally, the water is deprotonated to give the neutral alcohol. So, this 

is an example of an SN1 reaction with rearrangement. 
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I’ve given some more examples of SN1 reactions with rearrangements below. See 

if you can draw the mechanisms! In the next post we’ll talk about a slightly 

different rearrangement pathway with substitution reactions. 

 

The most common situation where alkyl shifts can occur is when a quaternary 

carbon (that’s a carbon attached to 4 carbons) is adjacent to a secondary 

carbocation. 
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In the transition state, there are partial bonds between the carbon being transferred 

and each of the two adjacent carbon atoms. Then, as one bond shortens and the other 

lengthens, we end up with a (more stable) tertiary carbocation. 

 

Here’s an example of an SN1 with an alkyl shift (note that the CH3 groups here are 

just shown as lines). 

https://s11452.pcdn.co/wp-content/uploads/2012/08/6-rearr.png
https://s11452.pcdn.co/wp-content/uploads/2012/08/6-rearr.png
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Here’s an example of an SN1 where an alkyl shift leads to ring expansion. 

 



21 
 

In exploring reactions that proceed along the carbocation pathway, every once in a 

while you might see an example of an addition reaction that looks a little… strange. 

The alkene is gone, two new bonds have formed, but the positions of the new bonds 

is a little out of the ordinary. Like in this example: 

 

 

 

https://www.masterorganicchemistry.com/2013/02/22/addition-pattern-1-the-carbocation-pathway/
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Since our nucleophile is neutral, it will bear a positive charge after attacking the 

carbocation. This positive charge can be removed through deprotonation by a weak 

base. One little assumption here: we are using H2O (or ROH in the second case) as 

solvent, so there is a whopping excess around to act in this capacity. 
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One last (weird) reaction to show you with respect to elimination reactions. Can 

you see what’s weird about it? 

 

 

Well, we start by protonating the alcohol. This allows for water to leave in the next 

step, which is going to form a carbocation. Here’s the thing: the carbocation 

is secondary, and we’re adjacent to a tertiary carbon. So, if the hydrogen (and its 

pair of electrons) were to migrate from C3 in our example to C-2, we’d now have a 

tertiary carbocation, which is more stable. Then, a base (water in this example) 

could remove C-H, forming the more substituted alkene (the Zaitsev product in this 

case). And that’s how the alkene ends up there. 
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A Wagner–Meerwein rearrangement is a class of carbocation 1,2-

rearrangement reactions in which a hydrogen, alkyl or aryl group migrates from one 

carbon to a neighboring carbon. The rearrangement was first discovered 

in bicyclic terpenes for example the conversion of isoborneol to camphene.  

 

Rearrangement of alcohols under acidic condition 

 

https://en.wikipedia.org/wiki/Carbocation
https://en.wikipedia.org/wiki/1,2-rearrangement
https://en.wikipedia.org/wiki/1,2-rearrangement
https://en.wikipedia.org/wiki/Rearrangement_reaction
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Alkyl
https://en.wikipedia.org/wiki/Aryl
https://www.revolvy.com/page/Bicyclic
https://www.revolvy.com/page/Terpene
https://www.revolvy.com/page/Isoborneol
https://www.revolvy.com/page/Camphene
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A special case of carbonium ion rearrangement in camphene hydrochloride 

derivatives involving the migration of a methyl group: 
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https://s11452.pcdn.co/wp-content/uploads/2012/11/1-elimrearr.png
https://s11452.pcdn.co/wp-content/uploads/2012/11/1-elimrearr.png
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Pinacol / Pinacolon rearrangement: 

Eg: 1,2-dihydroxy compounds 

 

Carbocation is already tertiary  

Then why should it rearrange?  

The lone pair of electrons on the oxygen is another source to stabilize the 

carbocation. 

 

 

 

 

 

https://s11452.pcdn.co/wp-content/uploads/2013/02/1-rearr1.png
https://s11452.pcdn.co/wp-content/uploads/2013/02/1-rearr1.png
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Mechanism: 
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The carbocation formed as a result of loss of H2O, pulls the migrating group, Lone 

pair on oxygen pushes the migrating group 

 Preparation of Spiro System:  
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Carbanions: 
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Stability of Carbanion by aromatization 
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c) Reduction of σ bonds 
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The Dieckmann condensation is the intramolecular chemical reaction of diesters with base to 

give β-keto esters. The equivalent intermolecular reaction is the Claisen condensation. 

 

 

 

Deprotonation of an ester at the α-position generates an enolate ion which then undergoes a 5-

exo-trig nucleophilic attack to give a cyclic enol. Protonation with a Brønsted-Lowry 

acid (H3O
+ for example) re-forms the β-keto ester. 

https://en.wikipedia.org/wiki/Intramolecular
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Ester
https://en.wikipedia.org/wiki/Intermolecular
https://en.wikipedia.org/wiki/Claisen_condensation
https://en.wikipedia.org/wiki/Enolate_ion
https://en.wikipedia.org/wiki/Baldwin%27s_rules
https://en.wikipedia.org/wiki/Baldwin%27s_rules
https://en.wikipedia.org/wiki/Br%C3%B8nsted-Lowry_acid
https://en.wikipedia.org/wiki/Br%C3%B8nsted-Lowry_acid
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A 1,4-addition is also called a conjugate addition 
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Knoevenagal reaction 
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1, 2 aryls shift an adjacent carbon atom (carbon 1) 

 

1, 2 alkyls shift from N to carbanion 

 

 

 

 



57 
 

1, 2 alkyls shift from S to carbanion 

 

1, 2 alkyls shift from O to carbanion 
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Nitrene 
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Benzynes 

 

 

Derivatives are called benzynes or arynes 

Eg: 
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