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4. Carbene 

4.0 Introduction: 

 Carbenes are neutral, divalent highly reactive organic carbon intermediate with six electrons in 

valence shell. 

 They are generally electrophillic in nature. 

 There life time is less than one second. 

 The carbenes contain two single bonds and two nonbonding electrons. The general formula of 

carbene is (R)2C
:
 or (R1R2)C

:
. 

 The simplest carbene species is methylene CH2
:
. 

 Carbene are named as substituted derivatives of methylene.  

For example: 

 

4.1Generation of carbene: 

Following methods are used for the generation of carbene. 

(i) From diazo compound: Thermally or photochemically decomposition of aliphatic 

diazocompounds. 

 

 

 

(ii) From Ketene: Ketenes can thermally or photochemically decompose to yield carbene. 
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(iii) From epoxides: 

 

(iv) From diazaridines: 

 

(v) From ylides: 

 

(vi) From alkyl halides by alpha elimination: This method is basically used for the generation 

of dihalocarbene.  

For example: removal of proton from chloroform by a base followed by expulsion of 

chlorine ion to generate the dichlorocarbene. 

 

4.2Structure of carbenes:  

 Carbenes are usually considered to be sp
2
 hybridized. There are two bonding electrons 

and two non-bonding electrons associated with carbene carbon. 

 On the basis of arrangement of electron carbenes are two types. 
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4.2.1 Structure of singlet carbenes: 

 The two nonbonding electrons can be arranged parallel or spin-paired. There                                

is possibility of two electronic arrangements or spin states. Thus carbenes are known to 

exist as a singlet or triplet. 

 If both the electrons arranged in one orbital (antiparallel spin), the carbene is known as 

singlet state. 

 

 The singlet carbenes are bent with the bond pairs and lone pairs in sp2 hybridised 

orbitals, along with a vacant p-orbital. 

 Like carbocation, the singlet carbenes have three electron pairs and an empty orbital to 

place around the central carbon atom.  

 The bond angle ranges from 100
0
-110

0
 and a C-H bond length is 1.12 Ǻ. 

 A singlet carbene is diamagnetic. 

 The: CCl2 and :CBr2 have also been found to be bent molecules with angles of 100
0
 and 

104
0
 respectively. 
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4.2.2 Structure of triplet carbenes: 

 If both electrons with parallel spins and leaves one electron in a sp2 orbital and the other 

in a p orbital, and this carbene is known to exist in  the triplet state. 

 

 Ttriplet carbenes are bent with a typical bond angle range of 130° - 150°. 

  Some carbene have linear geometry. In this case hybridization of carbene carbon is sp 

with two bonding pairs of electrons are in sp-hybrid orbitals and the unpaired electrons 

are in the two 2p orbitals. 

 

 The triplet carbene is paramagnetic. Since triplet carbene is a diradical. 

 On the basis of ESR spectroscopy it was found that methylene (CH2) has a triplet ground 

state the singlet state is 38 kJmol
-1

 higher in energy. 

 Dialkylcarbenes, arylalkylcarbenes and diarylcarbenes have triplet ground states. 

 Heteroatom substituted carbenes have singlet due to delocalization of lone pair electron 

of heteroatom. 

 N-heterocyclic carbenes (and related carbenes) are nucleophilic and they are widely used 

as ligands for transition metals. 
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4.4 Stability of carbenes: 

 The triplet carbene 8.0 kcal mole
-1

 lower in energy than singlet carbene. The triplet 

carbene has lower energy than singlet this is because the two electrons in triplet carbene 

are in different orbita, there is less repulsion between them that when both are in the same 

orbital. 

 The nature of the substituents also affects the stability of carbene. Substituent can 

donate the lone pair of electron may stabilize the singlet carbene by delocalizing the lone 

pair in to empty p- orbital. This type of stabilization is not possible in triplet carbene. 

Thus halocarbenes are more stable in the singlet state than in triplet state 

4.5 Reactions of carbenes:  

(i)  Addition reaction:  Carbene add to double bond yields a cyclopropane derivative. 
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(ii) Insertion reaction: Carbene can insert to a C-H single bond. 
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(iii) Rearrangements. 

 

(iv) Dimerisation: Carbene can couple with another carbene molecule to form alkene. 

 

Exercises:  

Write two methods for the generation of carbene. 

2. Discuss the structure and stability of carbene. 

3. Why are triplet carbenes bent? 

4. Why is triplet carbene more stable than singlet carbene? 
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