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Reaction intermediates  

 
The possible paths for the reactant (A) to convert into the product (D) can be 

referred as:  
                         

A D

CB

Intermediate

ProductReactant  

  

The path by which a reactant is converted into the product is called 

(mechanism)  of the reaction,  and various species that formed during the 

course of the reaction , but are not isolated are known as  (Reaction 

intermediates).  

There are four types of carbon intermediates they are usually very short-

lived, that are quickly converted to more stable molecules. However, some 

are more stable than others .The four types of species are carbocations, free 

radicals, carbanions, carbenes, and nitrene , is the nitrogen analogs of 

carbenes. 

 

 

Intermediates and Transition states 

A chemical species that is the product of one step of a reaction and is the 

reactant for the next step is called an intermediate. Intermediates generally  

are too unstable to be isolated, but some reactions have more stable 

intermediates that can be isolated.  

Transition states, in contrast, represent the highest-energy structures 

that are involved in the reaction. They exist only fleetingly and can never be 

isolated. Do not confuse transition states with intermediates: Transition 
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states have partially formed bonds, whereas intermediates have fully formed 

bonds. 

Example : 

 

 

 

 

Carbocations: 

The carbocations are positively charged highly reactive intermediates and 

have six electrons in the outer shell of central carbon. They may be 

represented as 
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So they are very reactive toward any nucleophilic reagent i.e., one that will 

donate a pair of electrons to carbon to form a fourth covalent bond. Being 

positively charged they are stabilized inductively by electron-donating 

substances and rendered less stable by electron-withdrawing substituents. 

Since carbon of a carbonium ion is in an sp2 hybrid, the ion pair is planar 

with a vacant p orbital (as in ethylene) which is perpendicular to the plane of 

three covalent bonds to the carbon. 

Nomenclature ( Carbocation: Carbonium ion: Carbenium ion): 

For many years these species were called ‘‘carbonium ions,’’it was 

suggested that this was inappropriate because ‘‘-onium’’ usually refers to a 

covalency higher than that of the neutral atom. Until George Olah and his 

co-workers found evidence for another type of intermediate in which there is 

a positive charge at a carbon atom, but in which the formal covalency of the 

carbon atom is five rather than three. The simplest example is the 

methanonium ion CH5
+
. Olah proposed that the name ‘‘carbonium ion’’ be 

reserved for pentacoordinated positive ions, and that CH3
+
 be called 

‘‘carbenium ions.’’ He also proposed the term ‘‘carbocation’’ to encompass 

both types.  

 

Structure and stability 

In general, the greater the resonance and hyper-conjugation the greater is the 

stability of carbocation. The stability also depends on the field strengths. The 

following examples illustrate this point. 
 

1--Stability depending on the number of canonical forms 

among the simple carbocations the order of stability is 
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So the order of reactivity is: 

C6H5CH2
+
     >     CH2=CH–CH2

+ 
    >    CH3CH2 CH2

+
 

The triphenylmethyl carbocation shows its stability because the positive 

charge on the carbon is distributed uniformly over a number of structures: 
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In some cases the carbocations are so stable that their salts have been 

isolated in the solid state. The solid salt of triphenylmethyl cation with boron 

fluoride as  (C6H5 )3C
+
BF4

-
 is available commercially. Arylmethyl cations 

are further stabilized if they have electron-donating groups in ortho and para 

positions. 

 

 

2. The stability increases when the positive charge is in conjugation with 

a double Bond( allyl carbocation) 

This is due to increased delocalization of the positive charge over two atoms 

instead of being concentrated at one. 

 

3. The presence of a heteroatom adjacent to the cationic centre and 

bearing an unshared pair of electrons, like nitrogen, oxygen or halogen 

increases stability Such ions are stabilized by resonance 

 

 

Simple acyl cations have been prepared in solution and even in the solid 

state. It has been found that acetyl cation CH3CO
+
  is as stable as ter-butyl 

cation. Their canonical forms are represented as: 
 

 



  

46 

 

4. Conjugation between the bent orbitals and p-orbitals of the cation 

Cyclopropylmethyl cation has been found to be more stable than benzyl 

cation and the stability increases with each addition of cyclopropyl groups. 

The vacant p orbital(C+) lies parallel to C2–C3 bond of the cyclopropane 

ring and not perpendicular to it. Thus the geometry becomes similar to that 

of  a cyclopropane ring conjugated with an oblefinic bond. 
 

 

GENERATION OF CARBOCATIONS 

Following are some of the methods used to generate carbocations. 

1. By direct ionisation: The direct ionisation of alkyl halides gives 

carbocations. 

                                               

The process is accelerated due to the presence of metal ions like Ag+. 

 

2. Form alkenes: A proton or other positive species adds to one atom of an 

unsaturated system leaving a positive charge on the adjacent carbon. 

                       

3-Decomposition of an alkyl diazonium ions: 

                  

4-By protonation of alcohols: The protonated alcohols give carbocations on 

decomposition. 

 

5. By reaction of acyl halides in presence of anhydrous aluminium 

chloride: The Friedel-Crafts acylation reactions came under this heading. 
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Reactions of carbocations 

The carbocations being highly reactive intermediates of very short life react 

further without being isolated and give stable products. In general they give 

the following reactions: 

1. Reaction with nucleophiles 

2. Elimination of a proton 

3. Rearrangements 

4. Addition to unsaturated systems. 

 

1. Reaction with nucleophiles 

The carbocations react with species, the nucleophiles 
 

 

 

 

 

2. Elimination of a proton 

In this process the elimination of a proton results in the formation of an 

alkene. Thus the dehydration of alcohols gives rise to alkene in presence of 

conc. H2SO4. 

So carbocations can adopt two pathways to give the stable product. 
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3-Rearrangements 

As shown in the example due to rearrangement 1° carbocation rearranges to 

2° cation. This rearrangement may involve the migration of a hydrogen with 

its pair of electron when it is called the hydride shift or it may involve the 

migration of an alkyl group with its bonding electrons in which case it is 

called the alkyl shift. They hydride shift is given in the above example. The 

alkyl shift may be represented as 

 

 

4. Addition to unsaturated systems 

A carbocation may add to an alkene producing a new positive charge at a 

new position as shown in the following example. 

 

 

 

NON-CLASSICAL CARBOCATIONS OR BRIDGED 

CARBOCATIONS 

The carbocations so far studied are called classical carbocations in which the 

positive charge is localized on one carbon atom or delocalized by resonance 

involving an unshared pair of electrons or a double or triple bond in the 

allylic positions (resonance in phenols or aniline). In a non-classical 
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carbocation the positive charged is delocalized by double or triple bond that 

is not in the allylic position or by a single bond. These carbocations are 

cyclic, bridged ions and possess a three centre bond in which three atoms 

share two electrons. The examples are 7-norbornenyl cation, norbornyl 

cation and cyclopropylmethyl cation. 

 

GENERATION OF NON-CLASSICAL CARBOCATIONS 

For example the norbornyl carbocation can be generated by the departure of 

a leaving group from an exo substitued 
 

This is called the σ route to a non-classical carbocation because of the 

participation of a σ bond. If a π bond is involved then it is called a π route. 

Many chemists aruge that the structure written from 7-norbornenyl cation 

are not non-classical carbocations because they are not canonical forms but 

real structures and there is rapid EQUILIBRIUM between them. 

 

Carbanions:- 

Carbanion: is a reaction intermediate in which carbon atom carries a 

negative charge . The carbanions are formed during heterolytic fission of a 

C—X bond in which the carbon atom is more electronegative than X.  
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So, it is a tricovalent carbon with a pair of electrons and the geometry has 

been found to be pyramidal resembling ammonia and amines in which the 

unshared pair occupies one apex of the tetrahedron. Therefore, the central 

carbon atom is in a state of sp3 hybridisation, but when it is stabilized by 

declocatization, the hybridization becomes, sp2 for effective resonance. 
 

 STABILITY 

Being electron-rich it is a very reactive intermediate and forms the basis of 

many important organic synthesis. It can combine with a great variety of 

electrophiles e.g., alkyl halides and ketones and can form compounds having 

carbon-carbon bonds in high yields. 

 

 Because of the unshared electron pairs, it can also function as a base and 

can abstract a proton to form a conjugate acid. 

The benzyl carbanion has been found to be most stable because of the 

extensive delocalization of the negative charge over the various resonating 

structures.  

 

The stability of the carbanions has been found to be in the order 

benzyl > allyl > phenyl > –C2H5 > n-propyl > isobutyl > neopentyl. 

The effect of groups on the stability of carbanions when present in α position 

is in the order: 

                                     

Preparation of carbanions: 

(a) Abstraction of hydrogen by a base 

In organic compounds having C—H bonds, the carbon atom being more 

electronegative will pull the bonding electron towards itself and so hydrogen 

can go out as a proton. Therefore, in presence of a base this H will be 

attracted by the base and a carbanion will be obtained. 
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A simple example of such abstraction of proton is the formation of 

triphenylmethyl carbanion by NaNH2 in presence of liquid ammonia. 

 

 

In the Grignard reagent, the alkyl group acts like a carbanion as shown by its 

reactions with CO2 leading to the formation of carboxylic acids 

 

 

(b) From Unsaturated Compounds 

The carbanions can be generated from unsaturated compounds either by 

reduction or by addition : 

(i) Many unsaturated compounds take up two electrons (reduction) from 

active metals to form dicarbanions. It is illustrated as follows: 

                         

The anion from one electron transfer is probably an intermediate. Simple 

alkenes do not form such stable dianions, but some conjugated derivatives 

do form dianions as with cyclooctatetraene forming dianion with alkali 

metals. 

                             

           

Benzene (aromatic) does not yield its antiaromatic dianion and naphthalene 

reduces only to its anion radical. 
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(ii) By addition: 

The addition of a nucleophile to an unsaturated C = C bond generates a 

carbanion. 

,,  

 

REACTIONS OF CARBANIONS WITH ELECTROPHILES 

1. Substitution reactions of alkyl (sp3) anions 

The carbanions are involved in a number of substitutaion reactions. The 

example are the formation of mono and dialkyl malonic esters. 

 

Similarly with other reactive methylene groups like β- diketones we get 

mono and dialkylated derivatives. 

 

HC≡CH + 
-
NH2   → HC≡C

-
  + RBr → HC≡CR  +  Br

-
 

 

2. Addition Reactions of Alkyl (sp
3
) Anions 

a- addition to C=O 

The formation of an aldol by the union of two molecules of aldehyde in 

presence of alkalies is an important example under this heading. The 

formation of acetaldol from acetaldehyde is as follows: 

 

Other reactions involving the addition of carbanions are reactions like 

Perkin’s reaction, Claisen condensation, benzilic acid rearrangement and 

Michael addition. 

b- addition to C≡N : 

ArCN + PhLi →  Ar C(Ph)=NH 
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c- addition to C=N : 

(Ph)2C=N-Ph  +   PhLi  →  (Ph)3N-NHPh 

 

3. Elimination Reactions of Carbanions 

Many of elimination reactions proceed rapidly at room temperature but are 

slow at dry ice temperatures. Thus permitting carbanions containing good 

leaving groups to be used in substitution. These eliminations result in the 

formation of alkenes and alkynes.  

example: 

 

The presence of a positively charged substituent on the α carbon atom 

promotes the acidity of β hydrogen. 

 

PhSO2CH2CH2S
+
(Me)2 → PhSO2CH-

 CH2S
+
(Me)2 → PhSO2CH=CH2 

Loss of CO2 : 

RCO2
-
 → CO2  + R

-
 . 

5. Oxidation Reactions of Carbanions 

 (i) Oxidation of Carbanions to Hydroperoxides, Alcohols and Ketones 

The carbanions take up O2 and these take up protons to give 

hydroperoxides in good yields. But because they are explosive in nature, 

they are not usually isolated and on reduction with sodium sulphite on 

trialkyl phosphite give alcohols. Ketones can be prepared from special 

carbanions types by elimination reactions which follow oxygenation. 

(ii) Oxidative Couplings 

The simple coupling reaction works well in certain cases 

                                      

One of the most useful coupling reactions is the Eglintion reaction in which 

the oxidation of acetylene anions with ferric ion proceeds very satisfactorily. 
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(iii) Dianion Oxidations 

Oxidation of dianions, in which both the electrons are oxidized gives 

products which are biologically important: 

 

 

Factors influencing stability of carbanions : 

1- Conjugations : Where the carbanionic carbon is conjugated with a 

carbon–oxygen or carbon–nitrogen multiple , the stability of the ion is 

greater than that of the triarylmethyl anions, since these electronegative 

atoms are better capable of bearing a negative charge than carbon. 

 

Ph-(Me)CHCN + :B → Ph-(Me)C
-
CN↔ Ph-(Me)C=C=N

-
 ↔ 3 resonance 

structures . 

 

Examples : 

1,3-cyclohexane dion  , Nitromethane pka : 10.2 , acetone Pka : 20 

Acetonitile : 24. 

2- S-Character : 

Carbanions Increase in Stability with an Increase in the Amount of s- 

Character at the Carbanionic Carbon. Thus the order of stability is: 

 

 Increased s character means that the electrons are closer to the nucleus and 

hence of lower energy. 

3- Stabilization by Sulfur or Phosphorus. Attachment to the carbanionic 

carbon of a sulfur or phosphorus atom causes an increase in carbanion 

stability, although the reasons for this are in dispute. One theory is that there 

is overlap of the unshared pair with an empty d orbital (pπ–dπ bonding). For 

example, a carbanion containing the SO2R group would be written as : 
                         


