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Nucleophilic
Substitution Reactions
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continued

rate = k Nu C X

C XNu transition state

ΔG‡

SN2 = Substitution Nucleophilic 2nd Order

30

Nu + C X
E

R

ΔG°

CNu X+

= - RTln Keq

Factors affecting SN2 reaction rate

C XNu

1.  basicity (nucleophilicity) of 
the nucleophile.

ΔG‡

31

Nu + C X
E

R

CNu X+

C XNu

1.  basicity (nucleophilicity) of the nucleophile.

ΔG‡

If we destabilize 
the nucleophile, 
the rate will:

a) increase
b) decrease
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E

R

CNu X+

+ C XNu

)
c) stay the same

Factors affecting SN2 reaction rate

C XNu

1.  basicity (nucleophilicity) of 
the nucleophile.

ΔG‡

33

E

R

CNu X+
a more basic nucleophile
is less stable and will 
react faster

+ C XNu

Nucleophilicity

O H CH3 C

O

O
H O

H

O

basicity
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pKa = 16 4.75 -1.72 

H O

H

CH3 C OH H O

H

H
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Nucleophilicity

O H CH3 C

O

O
H O

H
nucleophilicity

basicity
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H O + C Cl

H

H

H + ClCHO

H

H

H

Ac O C Cl

H

H

H CAcO

H

H

H Cl+ +

H O + C Cl

H

H

H + ClCH2O

H

H

H
H

ra
te

 o
f r

ea
ct

io
n

Which SN2 reaction is faster?

+ CH3CO2NaBr O

OA

stronger base

36

+ Br

Br + H2O
OH + HBr

B

Why?
stronger conjugate acid

weaker base

weaker conjugate acid
stronger base

If the atom type (row of periodic table) changes, then 
nucleophilicity may not be determined by basicity.

O H CH3 C

O

O
H O

H

basicity

nucleophilicity

37

S HO H

pKa = 16 7

S H

H

O H

H

O H CH3 C

O

O
H O

H

basicity

nucleophilicity

If the atom type (row of periodic table) changes, then 
nucleophilicity may not be determined by basicity.
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S HO H

basicity

nucleophilicity

Why are some species, such as H-S and I weak 
bases and strong nucleophiles?
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S HO H

basicity

nucleophilicity

Sulfur has more polarizable electrons (3s/p) and 
can form strong bonds at long distances.

OH XC

R

RR

HO C

R

RR

X

weak bond in transition state

b  lf  i   l i bl

40

SH XC

R

RR

HS C

R

RR

X

because sulfur is more polarizable
a stronger bond is 
formed in the
transition state
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OH HO C

R

RR

ClClC

R

RR

41

HS C

R

RR

ClClC

R

RR

SH

HO C

R

RR

ClClC

R

RR

OH

42

The SN2 Reaction is very sensitive to steric effects.

SH HS C

R

RR

ClClC

R

RR

Predict, with an explanation, which one of the 
following reactions will occur at a faster rate.

CH3 CH CH2Br

CH3

+ OCH3
CH3 CH CH2

CH3

OCH3

A
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+CH3 CH CH2Br

CH3

SCH3
CH3 CH CH2

CH3

SCH3

more polarizable
nucleophile

Any solvent, but the same for both
B

Factors affecting SN2 reaction rate

C XNu

1. nucleophilicity of the 
nucleophile.

ΔG‡

44

E

R

CNu X+
a more polarizable

nucleophile will react at 
a faster rate

+ C XNu

If nucleophilic atom changes then nucleophilicity
may not be determined by basicity.

O H CH3 C

O

O
H O

H

basicity

nucleophilicity

45

S HO H

basicity

nucleophilicity

Halide Nucleophilicity

S HO H

basicity

nucleophilicity

46

I Br Cl F> > >

nucleophilicity
(H-bonding solvent)

basicity
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Factors affecting SN2 reaction rate

C XNu

G‡

1. nucleophilicity of the 
nucleophile.

2.  basicity (stability) of the leaving 
group.

X = OCCH

O

47

Nu + C XE

R

CNu X+

X = OCCH3

Factors affecting SN2 reaction rate

C XNu

G‡

1.  basicity (nucleophilicity) of 
the nucleophile.

2.  basicity of the leaving group.

X = OCCH

O
G‡

48

X = Cl
Nu + C XE

R

CNu X+

X = OCCH3

Leaving Groups
Weak bases are good leaving groups in 

substitution reactions.

Nu + C X CNu X+

49

O C

O

CH3HH + O C

O

CH3

H ClH + Cl

pKa

4.76

-7

X

O C

O

CH3

Cl

better leaving group

Predict, with an explanation, which one of the 
following reactions will occur at a faster rate.

CH3 CH CH2Br

CH3

+ HO
CH3 CH CH2OH

CH3

A

+   Br -

50

+ HOCH3 CH CH2I

CH3

CH3 CH CH2OH

CH3

SN2 reaction – better leaving group (weaker base)

Any solvent, but the same for bothB

+   I -

Leaving Groups: Halides

H I H Br H Cl H F> > >

increasing acidity

C I C Br C Cl C F> > >

51

increasing reactivity (substitution) 

I Br Cl F> > >

increasing nucleophilicity

(H-bonding solvent)

Halides: Leaving Groups and Nucleophiles

Iodine is both a good leaving 

52

C I C Br C Cl C F> > >

increasing reactivity (substitution) 

g g
group and a good nucleophile!



5

C XNu

Factors that affect the rate of SN2 reactions

G‡

1. nucleophilicity of the 
nucleophile.

3.  structure of the 
substrate:

2.  stability of the leaving group.

53

Nu + C X
E

R

CNu X+

substrate:

alkyl group 
substitution

Factors affecting SN2 reaction rate
1.  basicity (nucleophilicity) of 

the nucleophile.C XNu

3.  structure of the 
substrate  

G‡

2.  stability of the leaving group.

54

Nu + C X
E

R

CNu X+

substrate. 

alkyl group 
substitution.

Factors affecting SN2 reaction rate

C X

G‡

G‡

1.  basicity (nucleophilicity) of 
the nucleophile.

3.structure of the 
substrate  

Nu

2.  stability of the leaving group.

stronger bond

55

Nu + C X
E

R

CNu X+

G substrate. 

alkyl group 
substitution.

Substituted Substrates: Steric Hindrance
Relative reactivity of alkyl-substituted alkyl halides.

C Br

H

H

H

C Br

H

CH3

H

C Br

CH3

CH3

H

C Br

CH3

CH3

CH3

56

relative rates

1200 40 1 unreactive

Steric Effects on SN2 Reactions
Relative reactivity of alkyl substituted alkyl halides.

relative 

C C Br

H

H

H

H

H

1.0

C C Br

H

H

H

H

CH3

0.4

57

rates

C C Br

H

H

CH3

H

CH3

0.0012

C C Br

H

H

CH3

CH3

CH3

0.000012

Factors affecting SN2 reaction rate

C XNu

2.  basicity of the leaving group.

1.  basicity (nucleophilicity) of 
the nucleophile.

3. structure of the 
substrate:

G‡

58

Nu + C X

CNu X+

substrate:
alkyl group 
substitution

E

R
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Predict, with an explanation, which one of the 
following reactions will occur at a faster rate.

CH3 CH CH2Br

CH3

+ HO
CH3 CH CH2OH

CH3

1ºA

59

CH3 CH2 CHBr
+ HO

CH3

CH3 CH2 CHOH

CH3

2º

SN2 reaction - less steric hindrance

Any solvent, but the same for bothB

Predict, with an explanation, which one of the 
following reactions will occur at a faster rate.

CH3 CH CH2Br

CH3

+ HO CH3 CH CH2OH

CH3

1ºA

60

CH2 CH2 CH2Br + HOCH3

3

CH2 CH2 CH2OHCH3

1º

SN2 reaction - less steric hindrance

Any solvent, but the same for bothB

Factors affecting SN2 reaction rate

C XNu

2.  basicity of the leaving group.

1.  nucleophilicity

3. structure of the 
substrate:

G‡

61

Nu + C X

CNu X+

substrate:
alkyl group 
substitution

4.  reaction medium (solvent). 

E

R

Solvent Polarity
Solvents are usually classified into one of three groups.

Polar protic – a high dielectric constant and 
can donate hydrogen bonds.  An 
example is CH3CH2OH.

Polar aprotic – a high dielectric constant and 

62

p g
cannot donate hydrogen bonds.  
An example is CH3C N.

Non Polar – a low dielectric constant and 
cannot donate hydrogen bonds.  
An example is 
CH3CH2CH2CH2CH2CH3.


