Alkenes from Alcohols
Chemistry 122L 

Objective: To carry out the dehyrdration of 2-methyl-2-butanol and analyze the products by 1H NMR.

Chemical Equation:
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Understanding the Experiment: 

This reaction is representative of an acid-catalyzed dehydration of an alcohol.  The tertiary alcohol follows an E1 mechanistic pathway.  (As part of your prelab assignments, draw a complete electron-pushing mechanism in your notebook.)  The product of the reaction is isolated by distillation as it is formed.  Alcohol, acid, and water are placed in a round-bottomed flask which is heated to induce the dehydration.  The product alkenes have a much lower boiling point than either the alcohol or water that is present in the flask.  As the exothermic reaction proceeds, the alkene vapors will rise through the fractionating column and will condense before being collected in an ice-cold test tube.
We will use the 1H NMR spectrum of the product to determine the 2-methyl-1-butene to 2-methyl-2-butene ratio.  As we will see, NMR integrations can not only be used to integrate protons within a molecule, integrations can also be used to determine the composition of a mixture, as long as peaks in the spectrum can be assigned unambiguously to a particular molecule.
Safety Reminders:

Because you will be using concentrated sulfuric acid, your legs and feet must be completely covered during this experiment.  A lab coat is highly recommended.  It is also recommended that you wear older clothing since acid is notorious for leaving holes in cotton clothing.  If you do not wear appropriate lab attire, you will be dismissed from the lab!  Please keep safety glasses on and wear gloves when handling the sulfuric acid.  Neutralize any acid spills with baking soda immediately.

Procedure:
Add 18 mL of water to a 100 mL round-bottomed flask.  Cool the flask in an ice-water bath.  Slowly add 9 mL of concentrated sulfuric acid.  Swirl the flask and continue cooling in the ice-water bath.  Slowly pour 18 mL (15 g) of 2-methyl-butanol to the flask with stirring.  Add a stir bar, if you haven’t already,  and then assemble a fractional distillation (see figure) setup for your reaction.  Be sure to include an ice-cooled collection test tube because your product is quite volatile.  Once cool water is flowing through your condenser, heat the flask slowly until distillation of the alkenes is complete.  Stop collecting distillate when the temperature reaches 45 oC. Dry the product over calcium chloride.  After ~ 5 min. decant or gravity filter to remove the drying agent.  Obtain a mass of your product and determine the percent yield.
Waste: 
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The pot residue must be neutralized with base (baking soda will work) and flushed down the drain.  Calcium chloride should be placed in a solid waste container.

NMR Analysis for Percent Composition:

Follow the directions on the NMR handout to download and install the MestReC program and to map a drive to the NMR (Samba) server.  Look in the chm122L folder on the Samba server to find the fid files for the 1H NMRs of 2-methyl-2-butanol, 2-methyl-1-butene, 2-methyl-2-butene, and a representative student sample.  Follow the directions on the MestReC handout to analyze the data.  Submit a plot of all four integrated spectra.  For each commercial sample, include a hand drawn structure with labeled protons and a table of chemical shift data that clearly indicates which protons correspond to which peaks in the NMR.  For the student sample, carefully integrate the spectrum to determine the percent 2-methyl-1-butene and percent 2-methyl-2-butene present in the sample.  Include calculations in your report.  You will need to find peaks in the NMR that are specific to each of the two alkenes.  I recommend looking in the 4.5-5.5 ppm range.  Vinlyic protons appear in that chemical shift range.  Also keep in mind that 2-methyl-2-butene has one vinylic proton while 2-methyl-1-butene has two vinylic protons.  You will need to account for the difference in your calculation of the percent composition of the mixture.
Include a full electron-pushing mechanism in your report for this E1 reaction.
Reference: Williamson, Macroscale and Microscale Organic Experiments, 3rd Ed., Houghton Mifflin Company, 1999.   

Questions:
1. Write the structure of the three alkenes (including stereochemistry) produced by the dehydration of 3-methyl-3-pentanol.

2. For the dehydration of 2-methyl-2-butanol, were the two alkenes formed in equal amounts?  Were the two alkenes formed in a ratio that equals the statistical probability of forming each alkene?  What ultimately controls the observed ratio of percent  2-methyl-1-butene to percent 2-methyl-2-butene? 
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