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We are familiar with this picture……...  



The Polar Carbon-Halogen Bond 



The Polar Carbon-Halogen Bond 



General Features of Nucleophilic 

Substitution 
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Substitution 



The Leaving Group 



The Leaving Group 

• There are periodic trends in leaving group ability: 



The Leaving Group 



The Leaving Group 



The Nucleophile 

• Nucleophiles and bases are structurally similar: bot
h have a lone pair or a  bond. They differ in what 
they attack. 



The Nucleophile 



The Nucleophile 



The Nucleophile 



The Nucleophile 



The Nucleophile 



The Nucleophile 



The Nucleophile 



The Nucleophile 



The Nucleophile 



Substitution Reaction 



It is found that there are two possible stereochemical outcomes, each describ

ed by a different rate equation, and different stereochemical outcomes. 

Stereochemistry 
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SN2  rate = k[R-Hal][Nu]    Inversion  
 
SN1  rate = k[R-Hal]     Racemisation 

Nucleophililic Substitution Reactions at sp3 

Carbons 



Substitution Reaction 
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Rate =  k [R-Cl][Nu] 
 

 

SN2 

Rate =  k [R-Cl] 
 

 

SN1 



Nucleophilic Substitution Reaction 



SN2 





SN2 Reaction : Kinetics 



The SN2 Reaction Mechanism 



The SN2 Reaction Mechanism 



The SN2 Reaction Mechanism 



Transition States 



Transition States 



Transition States: Video Clip 

https://www.youtube.com/watch?v=K3g4nbhg0Kc&t=2s


Stereochemistry of SN2 



Stereochemistry of SN2 



Stereochemistry of SN2 



Stereochemistry of SN2: Example 



SN2: Effect of Nature of Substrate  



SN2: Effect of Nature of Substrate  



SN2: Effect of Nature of Substrate  



SN2: Effect of Nature of Substrate  



SN2: Effect of Nucleophile 



SN2: Effect of Nucleophile 



SN2: Effect of Nucleophile 



SN2: Effect of Nucleophile 



SN2: Effect of Leaving Group 



SN2: Effect of Leaving Group 



SN2: Effect of Leaving Group 



SN2: Effect of Solvent 



SN2: Effect of Solvent 



SN2: Effect of Solvent 



SN2: Effect of Solvent 



SN2: Effect of Solvent 



SN2: Effect of Solvent 





SN1 





SN1 Reaction: Kinetics 



The SN1 Reaction Mechanism 



The SN1 Reaction Mechanism 



The SN1 Reaction Mechanism 



Transition States: Video Clip 

https://www.youtube.com/watch?v=fOUdLYyb2Pc&t=63s


Reactive Intermediates 
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See SN1 and E1 

Reaction Mechanisms 

 
And Radical Chain  
Reaction 



Reactive Intermediates 
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Stereochemistry of SN1 



Stereochemistry of SN1 

 The planar intermediate  
    leads to loss of chirality 
 

 A free carbocation is  
    achiral 
 

 Product is racemic or  
    has some inversion 



SN1: Effect of Nature of Substrate  



SN1: Effect of Nature of Substrate  



SN1: Effect of Nature of Substrate  



SN1: Effect of Nucleophile 



SN1: Effect of Leaving Group 



SN1: Effect of Leaving Group 



SN1: Effect of Solvent 



SN1: Effect of Solvent 



SN1: Effect of Solvent 



SN1: Effect of Solvent 



Examples of SN1 reactions  
 • Hydrolysis of tert-butyl bromide with water forming  

    tert-butyl alcohol: 

1. Tert-butyl carbocation is formed by separating a leaving  gro

up (a bromide anion) from the carbon atom. This step is slow 

and reversible. 

  



Examples of SN1 reactions ( contd.) 

 

 
2. Nucleophilic attack: the carbocation reacts with the nucleophile.  

    A third step is required to complete the reaction if the nucleophile is  

   a neutral molecule (a solvent). If the solvent is water, the intermediate 

   is an oxonium ion. This is a fast step in the reaction.  

 



Examples of SN1 reactions( contd.) 

 

 
3. Deprotonation: Water which acts as a base removes a proton on the  

    protonated  nucleophile to form alcohol and a hydronium ion. This is 

    a fast step as well.  

 

 





SN2 vs SN1:  



SNi 



Nucleophilic Substitution SNi 



Nucleophilic Substitution SNi 



Nucleophilic Substitution SNi 



Nucleophilic Substitution SNi 



Nucleophilic Substitution SNi 



SNi Reaction 



SNi Reaction 

The most interesting thing to note is that when a 

chiral alcohol is reacted with SOCl2, chlorination 

happens with retention of configuration, when no 

other solvent like pyridine is present. But when 

external agents are added (nuclephilic solvent like 

pyridine or NaCl) there is a inversion.  



SNi Reaction 





Exercise 1:  Substitution Reactions 

cis-1-Bromo, 3-methylcyclopentane reacts with NaSMe (MeS— is an excellent nucleophile) to afford a product with 

molecular formulae C7H14S.  The rate of the reaction was found to be dependent on both the bromoalkane and the 
NaSMe.   

 (i) Identify the product(s), and 

 (ii) propose an arrow pushing mechanism to account for the product formation. 



Answer 1:  Substitution Reactions 

cis-1-Bromo, 3-methylcyclopentane reacts with NaSMe (MeS— is an excellent nucleophile) to afford a product with 

molecular formulae C7H14S.  The rate of the reaction was found to be dependent on both the bromoalkane and the 
NaSMe.   

 (i) Identify the product(s), and 

 (ii) propose an arrow pushing mechanism to account for the product formation. 

BrMe

Me Br

MeS

Me

Br

MeS

Me

SMe

SMeMe

Starting material molecular formula = C6H11Br 

Product molecular formula = C7H14S 

Lost Br, Gained SMe, Substitution Reaction  

Rate equation indicates bimolecular process, SN2 

Envelope Conformation 

of Cyclopentane 



Exercise 2:  Substitution Reactions 

Compounds A and B when treated with a weak base are deprotonated to form the carboxylate anion.  One of          

these carboxylate anions then reacts further to afford the lactone P, whilst the other carboxylate anion is does     
not  lead to P. 

Identify the carboxylate anion which  affords P, and rationalise its formation with an arrow pushing mechanism,    

as well as rationalising why the other carboxylate anion does not afford P. 
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HO O HO O O O
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Answer 2:  Substitution Reactions 

Compounds A and B when treated with a weak base are deprotonated to form the carboxylate anion.  One of         

these carboxylate anions then reacts further to afford the lactone P, whilst the other carboxylate anion is            
unaffected. 

Identify the carboxylate anion which  affords P, and rationalise its formation with an arrow pushing mechanism,   

as well as rationalising why the other carboxylate anion does not afford P. 
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s* orbital of C-I bond 
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Reaction must be SN

2 type, because if it 

was SN1 like the carb

ocation below would 

be generated from bo
th S1 and S2.  Theref

ore both S1 and S2 

would afford P 



Thank you for your attention  


