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Determining 
Reaction Mechanisms

Hammett plot

Labelling 
experiment

Crossover
experiment

KIE
Kinetic isotope 

experiment



Reaction mechanism

A + B → C + D

What we do when C and D are not obtained? 

A + B → XZ



Reaction mechanism

General guideline to find out an explanation 

1

2

Structure identification (determining exactly 
what the product is).

Determining the number of steps, and the 
structure of intermediates.

3

4

Finding out the slow (rate determining) step.

Finding any catalysis.



Reaction mechanism

Not always an obvious point

Addition of HCl to this alkene

Expected mechanism



Reaction mechanism

Next to oxygen 
or halogens.

Simple signal suggest a
linear X-CH2-R. No longer
an 8-membered ring.
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Reaction mechanism

It’s a well-known transannular reaction.

Don’t spend long time to investigate a “reported transformation”.



Reaction mechanism

Experiment conducted with D+ of D2O
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Reaction mechanism

Double labelling experiments
Mechanism 1

Mechanism 2



Reaction mechanism

Double labelling experiments

Mechanism 1

Mechanism 2



Reaction mechanism

Mechanism 1

Double labelling experiments



Reaction mechanism

Mechanism 3

No detected



Reaction mechanism



Reaction mechanism

Crossover experiments

It looks like a general 1,3-sigmatropic rearrangement, but….



Reaction mechanism

Crossover experiments

Products having 2 
phenyl and 2 para-tolyl.

The results suggest that intramolecular rearrangement is unlikely.



Electronic Effects

Electron donation decreases acidity.

Electron withdrawal increases acidity.



Electronic Effects and pKa Values



Reaction mechanism

Hammett relationship

Quantify the effects of EDG and EWG on
the transition state or intermediate
during a reaction.

Different groups at para position were
studied. Meta and ortho-substituents are
not considered to eliminate the steric
effect.



Reaction mechanism

The Hammett substituent constant σ



Reaction mechanism

kX = rate constant of the reaction 
with the substituted benzoate
KH = rate constant of the reaction 
for the unsubstituted benzoate H



Reaction mechanism
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Reactions with positive Hammett ⍴



Reaction mechanism

Reactions with negative Hammett ⍴

Negative ρ values mean electrons flowing out of the ring.



Reaction mechanism
Reactions with small Hammett ⍴

A case is when the reaction is not dependent on electrons flowing 
into or out of the ring. A small effect on the HOMO orbital.



Reaction mechanism

Summary
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Reaction mechanism

Kinetic isotope effect KIE Relies on the difference of atomic mass.
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Kinetic isotope effect KIE
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