
•  The Hammond postulate states that the transition state of a reaction 
resembles the structure of the species (reactant or product) to which it is 
closer in energy.  

•  The Hammond postulate relates reaction rate to stability.  

The Hammond Postulate 



Transition State Energy of an Endothermic Reaction 



Transition State Energy of an Exothermic Reaction 



•  Since CH3
+ is less stable than (CH3)3C+ 

•  Ea [1] > Ea [2]        • Reaction [1] is slower 

Application of the Hammond Postulate to the SN1 Reaction 

Figure 7.20 
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Predicting the Mechanism of  
Nucleophilic Substitutions Reactions 

•  Four factors are relevant in predicting whether a given reaction is 
likely to proceed by an SN1 or an SN2 mechanism: 

•  The alkyl halide: CH3X, RCH2X, R2CHX or R3CX 

•  The nucleophile: strong or weak 
 
•  The leaving group: good or poor 

•  The solvent: protic or aprotic 



•  The most important factor is the identity of the alkyl halide. 

 Nature of the Alkyl Halide 



•  SN1 or SN2 reactions occur on sp3 hybridized carbons. 

•  Vinyl and aryl halides, which have a halogen attached to a sp2 
hybridized carbon, do not undergo SN1 or SN2 reactions. 

•  Heterolysis of the C-X bond would form a highly unstable vinyl or aryl 
cation. 

Vinyl and Aryl Halides 



•  Strong nucleophiles (which usually bear a negative charge) present in high 
concentrations favor SN2 reactions. 

•  Weak nucleophiles, such as H2O and ROH favor SN1 reactions  
by decreasing the rate of any competing SN2 reaction. 

•  Consider what happens when the 2° alkyl halide A, which can react by either 
mechanism, is treated with either the strong nucleophile HO¯ or the weak 
nucleophile H2O.  

 Effect of the Nucleophile 



•  The strong nucleophile favors an SN2 mechanism. 

•  The weak nucleophile favors an SN1 mechanism. 

 Predicting SN1 or an SN2–Nucleophile 



•  A better leaving group increases the rate of both SN1 and SN2 reactions. 

 Effect of Leaving Groups 



• Polar protic solvents like H2O and ROH favor SN1 
reactions because the ionic intermediates (both 
cations and anions) are stabilized by solvation. 

• Polar aprotic solvents favor SN2 reactions 
because nucleophiles are not well solvated, and 
therefore, are more nucleophilic. 

 Effect of Solvent 



 Predicting SN1 or an SN2–Summary 
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• Organic synthesis is the systematic preparation of a compound from a 
readily available starting material by one or many steps. 

•  Nucleophilic substitution reactions, especially SN2,  are used to 
introduce a wide variety of functional groups into a molecule, 
depending on the nucleophile. 

• Organic synthesis has produced many useful compounds (e.g., 
pharmaceuticals, pesticides, and polymers used in everyday life).  

•  Chemists may rely on synthesis to prepare useful substances such as 
a natural product produced by organisms, but in only minute amounts 
(e.g., Taxol used in cancer treatment). 

Organic Synthesis 



Organic Synthesis Using Alkyl Halides 



•  To carry out the synthesis of a particular compound, we must think 
backwards, and ask ourselves the question:  

 What starting material and reagents are needed to make it? 
 

•  If a nucleophilic substitution is being used, determine what alkyl halide 
and what nucleophile can be used to form a specific product. 

Retrosynthesis: Thinking Backwards in Organic Synthesis 

SH


