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NucleophilicNucleophilic Aliphatic SubstitutionAliphatic Substitution
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NucleophilicNucleophilic Aliphatic SubstitutionAliphatic Substitution
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NucleophilicNucleophilic Substitution Substitution 
in Synthesisin Synthesis
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The SThe SNN2 Mechanism2 Mechanism
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On the web

http://www.bluffton.edu/~bergerd/classes/CEM221/sn-e/home.html
http://www.bluffton.edu/~bergerd/classes/CEM221/sn-e/home.html
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The SThe SNN1 Mechanism1 Mechanism
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Whether a reaction is SWhether a reaction is SNN1 or S1 or SNN22
1. Structure of nucleophile

– Also affects side reactions

2. Structure of alkyl halide substrate

3. Structure of leaving group
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What makes a good What makes a good nucleophilenucleophile

Bronsted basicity

• Negative charge
– OH- > H2O

• Polarizability
– Less electronegative
– Larger

• Basicity
– Brønsted
– Lewis

nucleophilicity
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Common Common nucleophilesnucleophiles and their and their 
electrophilicitieselectrophilicities
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Side reactions in the SN1 mechanismSide reactions in the SN1 mechanism
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Whether a reaction is SWhether a reaction is SNN1 or S1 or SNN22
1. Structure of nucleophile

– Also affects side reactions

2. Structure of alkyl halide substrate

3. Structure of leaving group
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Structure of Alkyl HalideStructure of Alkyl Halide

R3CX R2CHX RCH2X CH3X
(tertiary) (secondary) (primary) (methyl)
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StericSteric Hindrance of SHindrance of SNN22

CH3CH2Br CH3CCH2Br

CH3

CH3

Rate = 1 Rate = 10-30
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Whether a reaction is SWhether a reaction is SNN1 or S1 or SNN22
1. Structure of nucleophile

– Also affects side reactions

2. Structure of alkyl halide substrate

3. Structure of leaving group
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Leaving Group Ability Leaving Group Ability 
Correlates with Acid StrengthCorrelates with Acid Strength

strength of conjugate acid

reactivity as a leaving group

> > >> > > > >I Br Cl F CH3CO

O

HO CH3O H2N

Protonated leaving groups are good, because the conjugate 
acids of neutral molecules are more acidic.

(In other words, the leaving groups are less basic.)

On the web

http://www.madsci.org/posts/archives/feb2002/1014145631.Ch.r.html
http://www.madsci.org/posts/archives/feb2002/1014145631.Ch.r.html
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NucleophilicNucleophilic substitution will not substitution will not 
occur with a poor leaving group!occur with a poor leaving group!

good leaving groups poor leaving groups 
TsO– ≥ X– ≈ RS– > HOR ≈ HNR2  CN– > OR– > NR2

– 
 



Summary: SSummary: SNN1 vs. S1 vs. SNN2 Reactions2 Reactions
Type of Alkyl Halide SN2 SN1 

methyl CH3X Favored. Does not occur 
because of cation 
instability. 

primary RCH2X Favored. Rarely occurs 
because of cation 
instability. 

secondary R2CHX Favored in aprotic 
solvents with good 
nucleophiles 

Favored in protic 
solvents with poor 
nucleophiles 

tertiary R3CX Does not occur 
because of sterics. 

Favored because of 
cation stability. 

stereocenter Inversion Racemization 
 

 



18

ββ--EliminationElimination
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On the web

http://www.bluffton.edu/~bergerd/classes/CEM221/sn-e/home.html
http://www.bluffton.edu/~bergerd/classes/CEM221/sn-e/home.html


E2 MechanismE2 Mechanism



E1 MechanismE1 Mechanism



SN2 vs. E2SN2 vs. E2
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Substitution vs. eliminationSubstitution vs. elimination
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