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We can use bonding theories to 
explain reactions and reactivity

• Lewis structures allow us to “push electrons”
but explain little

• Valence bond theory allows us to use Lewis 
structures in a natural way, bringing in 
“resonance,” “hybridization” and “orbital 
overlap.”

• Molecular orbital theory allows us to explain 
how bonds are formed and broken by donation 
of electrons from a HOMO to a LUMO

How do we explain this?

• Lewis/Valence-bond theory does not allow 
an explanation but does allow us to “push 
the electrons” to provide a convenient 
picture.

• “Frontier MO theory” allows us to explain 
this in terms of the donation of electrons 
from the HOMO of the nucleophile to the 
LUMO of the alkyl halide electrophile.
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Molecular orbitals: Lewis picture 
of the SN2 reaction
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Transition state for the SN2 reaction can 
be explained with valence-bond theory

• Bond to chlorine 
breaks as the bond to 
cyanide forms.

• Notice that negative 
charge is spread 
“evenly” between the 
nucleophile and the 
leaving group.

• But why must attack 
be from the backside?
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animation

http://www.bluffton.edu/~bergerd/classes/CEM221/sn-e/SN2_content.html
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MO explanation: the nucleophile fills 
the unoccupied, antibonding orbital

MO explanation: the nucleophile fills 
the unoccupied, antibonding orbital
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Molecular orbitals are required 
to explain backside attack!
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Mechanism of the SN1 reaction

• Two-step reaction
• Requires good leaving group
• Requires nucleophile that is a poor base

– animation

http://www.bluffton.edu/~bergerd/classes/CEM221/sn-e/SN1_content.html
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SN1 racemizes the substrate
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SN1 can lead to rearranged product

Telling SN1 from SN2
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The FULL SN1 mechanism, or, why the 
isomer distribution isn’t always 50:50

Effect of size and solvent on 
nucleophile strength
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Nucleophilicity as function of 
solvation

• Larger nucleophiles are more poorly solvated in 
protic solvents

• Better solvation makes a poorer nucleophile
– Stabilizing the reactants makes the activation energy 

larger

Stabilization of a 
nucleophile in a 
protic solvent
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DMSO and DMF are polar aprotic
solvents that don’t solvate anions well

• Poorer solvation makes a better nucleophile
– Destabilizing the reactants makes the activation 

energy smaller



10

Effect of solvent polarity on reaction 
rate for ionic nucleophiles

Effect of solvent polarity on reaction 
rate for neutral nucleophiles
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Why is SAM such a good 
methylating agent?

Why is N5-methyltetrahydrofolate 
such a good methylating agent?


