
CHEM 261 Notes        February 7, 2023 
 
Recall: Cyclohexane molecules usually prefere to exist as chair conformations. Steric strain 
drives the lowest energy conformation. 
 

 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



You are not responsible for nomenclature of bridged bicyclic compounds described below, but 
you should know norbornane and decalin structures above 
 

 

 



 

 
 
 
 

 
When naming the compounds above, it is necessary to describe the location of the two methyl 
groups even if they are located on the same substituent because all of these are 
dimethylcyclopropanes (i.e. from left to right: 1,1-dimethyl-, 1,2-cis-dimethyl-, 1,2-trans- 
dimethyl- cylcopropane). 
 



 
 
 
 2) Halogenation 
 

 
R = any alkyl group, R-X = alkyl halide / haloalkane  
X = halogen 

F2 (most reactive) > Cl2 > Br2 >> I2 (does not react) 
h = Planck’s constant 6.6 x10-34 joules-sec 
ν = frequency of light 
E = hν, are the symbols we use to describe light energy 
 
In this course, we will be focused on chlorination and bromination. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Substitution reaction (via radicals) – Substitute H with X 

 
 
Mechanism of reaction: 
- Step by step description (proposal) of a reaction process (hypothetical and difficult to 
“prove”) 
 
Two kinds of mechanism 
 
1. Homolytic (radical): One electron goes to each atom once the bond in broken. e.g. Free 
radical halogenation of alkanes 
 

 
The red half arrows (single hook arrow) above describe the movement of one electron, full 
arrows describe movement of lone pairs. 
 
2. Heterolytic (polar reaction): The electron pair goes to one of the atoms once the bond is 
broken. e.g. Addition reactions of alkenes; elimination reactions 

 
Homolytic reactions are less common than heterolytic reactions 
- Initiated by heat (Δ) or by light (hυ) 



 
 
 
 
Propagation is the main step within the process. The termination step is the combination of 
radicals and is quite rare during the progress of the reaction, yet any one of the three listed can 
occur to terminate the reaction. 
 
Note: The above mechanism also applies to other halogens (F, Cl, Br; not I) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Eg. Bromination of ethane 
 

 
 
Example: Bromination of cyclohexane 
(Step 1 is initiation, steps 2 and 3 are propagation steps that are the main process. Other steps 
are termination steps that shut down the reaction) 

 

Br2 + H3CCH3
hv

(△)

Br CH2CH3H BrH + CH2CH3

CH2CH3Br Br
BrCH2CH3 + Br

Br BrBr Br



  
The reaction can utilize either heat (Δ) or light (hν) 
 
Different types of hydrogen can be pulled from a methylcyclohexane in a radical halogenation 
reaction to give various products. However, one main product is obtained. This is explained in 
terms of the stability of the radical formed during the reaction process. 
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Hammond Postulate 
 
More reactive, less selective 
 
Less reactive, more selective 
 
Exothermic T.S. (transition state) resembles S.M. (starting material) 
 Less selective reaction because of a small difference in Ea 
 
Endothermic T.S. resembles product 
 More selective because of a larger difference in Ea 
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HBr

Br2 is less reactive, more selective, endothermic

F

hv
HF

F2 is more reactive, less selective, exothermic



Reactivity and Selectivity (Hammond Postulate) 
 
e.g. Halogenation of 2-methylbutane 

    
    + HF 

 
I2 does not react as above 
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