ORGANIC CHEMISTRY
CH 399, Fall 2002

WORKSHOP 6 

Alkane Halogenation and Alkenes 
1.
Consider the chlorination of methane.  The initiation step involves the dissociation of Cl2 using either light or heat.  Alternatively, tetramethyl lead ((CH3)4Pb) can be added to initiate this same reaction at a lower temperature.  The Pb-C bond energy in (CH3)4Pb is 49 kcal/mol. 

a.  Show the initiation and propagation steps for the chlorination of CH4 using (CH3)4Pb with CH4 and Cl2.  Explain why lower temperatures are needed for the halogenation reaction using (CH3)4Pb as the initiator than with Cl2 using light or heat. 

b.  An alternative to the accepted mechanism for the propagation steps in the chlorination of methane is given below.
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This mechanism does not operate to any significant extent under normal conditions.  Calculate the enthalpies of each step and suggest a reason why this mechanism cannot compete with the accepted one. 

c.  When a small amount of iodine is added to a mixture of chlorine and methane, it prevents chlorination from occurring.  Therefore, iodine is a free-radical inhibitor for this reaction.  Calculate Ho values for the possible reactions of iodine with species present in the chlorination of methane, and use these values to explain why iodine inhibits the reactions.

2.
Three dicarboxylic acids, C2H2(CO2H)2, I, J, and K, are catalytically hydrogenated (react with H2 in the presence of a catalyst) to give dicarboxylic acids with formulas of C2H4(CO2H)2.  Hydrogenation of both I and J gives the same dicarboxylic acid L.  Compound K hydrogenates to form compound M.  Give structures for compounds I-M.  Explain your reasoning.

3.
Draw an atomic orbital model of the type demonstrated in lecture for CH2=C=CH2. Consider first the geometry at each carbon and select the appropriate hybridization.  Label the orbitals used and show all valence electrons.  The geometry should be clear from your drawing. Draw a dash/wedge structure for it.

Compare the geometry of this molecule with that of a typical alkene.

4.

The reaction of 3-methyl-2-butanol with HBr gives 2-bromo-2-methylbutane.  Write a complete mechanism that explains why this is the major reaction product.  The “expected” product, 2-bromo-3-methylbutane, can be formed by adjusting the reaction conditions to include a large excess of NaBr.  Show how you would modify the mechanism to include a pathway to this product.

