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Nucleophilic Substitution
A nucleophilic substitution reaction involves the replacement of 
a leaving group with a nucleophile, i.e.

Substrate leaving group



Nucleophiles

Nucleophiles (Nu) are electron rich (i.e. have lone 
pair(s) of electrons) and are attracted to the 
positive nuclear charge of  an e- poor species, the 
electrophile (E).

Nucleophilicity refers to the ability of the 
nucleophile to react this way, i.e. how available are 
the e- in the nucleophile. The more available the e-

the more reactive the Nu. These may be lone pair e-

but p bonding e- are also “available”.











SN rxn (O) ; alkyl halides (H bonded to sp3-hybridized carbon)
SN (X) ; aryl halide and vinyl halides (H is bonded to sp2-hybridized carbon)
Also, depending on nucleophile type (ex ; anion or base or both)



The SN2 mechanism

One step process in which the bond to the leaving group begin to break as the bond to 
the nucleophile begins to form

1. The rate of the rxn depends on both the Nu and the substrate concentration

2. Every Sn2 displacement occurs with inversion of configuration

3. When alkyl group of substrate is methyl or 1o is the fastest, and  slowest when it is 3o

Alkyl halide react at the intermediate rate. 



Substitution Reactions: SN2

The reaction coordinate 
diagram right indicate this 
one step mechanism.
• Rate = [substrate] & [nu]
• SN2 results in an inversion 

of configuration if it 
occurs at a chiral center. 
(Back-side attack of the 
Nu)

• Fastest for 1°, slowest for 
3°



The SN1 mechanism (two step)
The first step is slow. The bond between the C and the leaving group break 

Second step is fast. The carbocation combines with the nucleophile to give product

When the Nu is a neutral molecule  (eg water or alcohol),  loss of proton from nuclephilic
oxygen, in a third step gives the final product.  



1. The rate of rxn does not depend on the concentration of Nu. 

2. If the carbon bearing the leaving group is sterogenic, the reaction occurs  mainly
with loss of optical activity (racemization)

3. Rxn is the fastest  in the order of 3o > 2o >1o



Substitution Reactions: SN1
The reaction coordinate 
diagram right indicate this 
multi-step mechanism.
• Rate = [substrate]
• Generate intermediate 

carbocation
• SN1 results in racemization 

of configuration if it occurs 
at a chiral center.

• Fastest for 3° (allylic), 
slowest for 1° (parallels C+

stability)



SN1 vs. SN2: Nature of Substrate

The substrate itself has an effect on the 
mechanism. SN1 requires an intermediate 
carbocation, while SN2 requires a backside 
attack of the nucleophile (steric effects), i.e.

primary               secondary               tertiary

SN2 reactivity

SN1 reactivity







Elimination(dehygrohalogenation) Reactions

Elimination ; Halogen atom from adjacent carbons are eliminated and a C-C double
bond is formed.  

E2 mechanism ; one step process E1 mechanism ; two step process



Both these reactions 
depict a nucleophile 
reacting with an 
electrophilic C atom

Both these reactions 
depict a base reacting 
with an electrophilic H 
atom, a proton

Nucleophilicity ; nucleophile attack any other atom than hydrogen

Basicity ; nucleophile attack hydrogen



Strong Base, weak Nucleophile 
· Usually anions that are very sterically hindered
· Participate in E2 ONLY
Examples:
Tert-butyl Lithium : tBuLi (also written as (CH3)3CLi)
PotassiumTert-butoxide : KOtBu (also written as (KOC(CH3)3)
Lithium Diisopropylamide : LDA (acronym) (also written as LiN(CH(CH3)2)2)

Strong Bases, strong Nucleophile–
· Usually anions with a full negative charge (easily recognizable by the presence of sodium, 
lithium or potassium counterions)
· Participate in SN2 and E2-type eliminations
· May overlap with strong nucleophile list 
(causing mixtures of both substitutions and eliminations to be produced)
Examples: OH-, R-O-, R2N- (deprotonated amines but bulky)

Strong Nucleophile, weak base
R-NH2 (amine), R-S-,  CN-,  N3

-, I-, ROO-, H2S, R-SH etc

Weak Nucleophile, Weak base
H2O, R-OH, RCOOH  etc



Substitution and Elimination in Competition
O Tertiary halide

O Primary halide ; SN2 and E2 are possible

Weak  nucleophile and polar solvent ; SN 1 and E1 compete  

Strong  Base and less solvent ;  E2 only   

Dominant E2 when bulky and strong base 



Secondary Halide ; Four reactions are possible
depending on nucleophile and reaction condition

Strong nucleophile (but not base)

Weak nucleophile in polar solvent

Strong base


