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Nucleophilic
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Substitution Reaction Mechanisms
SN2
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An alternative reaction mechanism:

CNu
fast

SN1

SN1 = Substitution Nucleophilic 1st Order
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rate = k
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If we use a more nucleophilic nucleophile, 
the rate will:

i
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a. increase
b. decrease
c. not change

Factors affecting SN1 reaction rate

G‡

C

C X
1.  Nucleophilicity (basicity) of 

the nucleophile.

The nucleophilicity of the 
nucleophile has no effect 
on the rate of SN1 
reactions
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reactions.

Factors affecting SN1 reaction rate

G‡

C

C X

2.  basicity of the leaving group.

SN1 reactions occur 
f t  ith d 

1.  Nucleophilicity (basicity) of 
the nucleophile.
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faster with good 
leaving groups (weak 

bases).
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Factors affecting SN1 reaction rate

G‡

C

C X

2.  basicity of the leaving group.

1.  basicity (nucleophilicity) of 
the nucleophile.

3. structure of the 
substrate  

87

E

R

substrate. 

3. structure of the substrate 

alkyl group substitution in SN1 reactions

C Br

H

H

H

C Br

H

CH3

H

C Br

CH3

CH3

H

C Br

CH3

CH3

CH3

Which electrophile will react the fastest? 
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relative rates

A B C

3

D
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Factors affecting SN1 reaction rate

G‡

C

C X

2.  basicity of the leaving group.

1.  basicity (nucleophilicity) of 
the nucleophile.

3. structure of the 
substrate  
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substrate. 

alkyl group substitution 
increases the rate of SN1 

reactions.

3. structure of the substrate 

alkyl group substitution in SN1 reactions

C Br

H

H
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CH3
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If ½ of a (CH3)3Br solution reacts in 1 second 
how long will it require for CH3Br to react?  

t½ (CH3Br) ~ 3 years!
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Cation Stabilization

alkyl groups stabilize carbocations
electron delocalization 
resonance - hyperconjugation
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Cation Stabilization

alkyl groups stabilize carbocations
electron delocalization 
resonance - hyperconjugation
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=

a partial π-bond

LUMO HOMO
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Which molecule reacts faster by SN1?

A B

G d  d bili i
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Ground state destabilization

Why does A react faster than B by SN1?

A B

G d  d bili i
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Ground state destabilization

E

R

A

B

Factors affecting SN1 reaction rate

G‡

C X

2.  basicity of the leaving group

1.  basicity (nucleophilicity) of 
the nucleophile

3. structure of the 
substrate

95

E

R

substrate

4.  reaction medium 
(solvent) 

Nu + C X

Factors affecting SN1 reaction rate

G‡

C

X
increasing 

solvent 
polarity

G‡
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O
H

O
H

4.  reaction medium 
(solvent)

The effect of the  reaction medium (solvent) on 
SN1 reactions. 

In which solvent is the reaction fastest?

C Cl

CH3

CH3

CH3 C

CH3

CH3

CH3
solvolysis
products

solvent

dielectric 
constant

relative rate

l t
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6

33

58
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solvent 
polarityA

B

C

D

Which is the product of this 
reaction?

CH3CN

98+ Cl- + Cl- + Cl-

A B C
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C

H

N Cl

C H
N

SN2 
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+ Cl
C H

inversion of 
configuration

CH3CN

Which is the product of this 
reaction?
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O H

H
O

OH

H
O

+

+ Cl- + Cl- + Cl-

A B C

O H
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O
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H Cl
polar
protic

l t
O

SN1
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+
H Cl solvent

SN1

H2OH O

racemization

Stereochemistry of SN1



C X
δ


δ

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C Nu

CNu

+

inversion

retention

C


X




Stereochemistry of SN1
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

Nu: + C X

racemization



Nu:


:Nu

Stereochemistry of substitution reactions

inversion

SN2
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racemization

NuSN1
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Effects on Rates of Nucleophilic Substitution Reactions

2.  leaving group

1.  nucleophile

SN2 SN1

nucleophilicity
(basicity)

no 
effect

weaker base
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3. structure of the 
electrophile

alkyl group 
substitution

4.   solvent polar proticpolar 
aprotic

stereochemistry inversion racemization

Product Mixtures

substitution elimination
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Reaction Mechanisms - Kinetics

H

E1 = Elimination 1st Order

Br

+ OEt rate = k
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H
H

Br E1

Br

OEt EtO H

Br

Carbocation Stabilization
Recall:  Alkyl groups stabilize carbocations

hyperconjugation

a partial π bond
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=

a partial π-bond

LUMO HOMO

Elimination: E1

C C

H
Br

C C H
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Elimination: E1

ΔG‡
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