CARBOCATION REARRANGEMENTS:

Rearrangement of Benzopinacol

Required Readings, McMurry Section 7.8 & 7.10.

Previously studied technique you will perform: Recrystallization.


The differing stabilities of carbocations can lead to rearrangement of a cation to one that is more stable (e.g. secondary to tertiary.) In this experiment, we will observe the rearrangement of one cation which we would expect to be quite stable to another cation which is even more stable. This demonstrates that cation stabilities are entirely relative and that rearrangement can readily occur when a more stable species can be formed. 

The reaction we will perform is the conversion of benzopinacol to benzopinacolone via an acid-catalyzed dehydration reaction that also involves a carbocation rearrangement.
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Procedure


In a 50-mL Erlenmeyer flask add 1.0 g benzopinacol and a boiling chip to 5 mL of I2/acetic acid solution (0.20 mg/mL). Heat and manually stir the mixture on a hot plate in the hood (avoid boiling so vigorously that the acetic acid is boiled away; add a little more acetic acid if necessary to maintain the volume). A dark red solution should result after boiling for approximately 5 minutes. Cool the flask in an ice bath; you should observe precipitation of the product. Add approximately 20 mL cold water and stir to break up any large crystals. Collect the product by suction filtration and wash it with a little cold water followed by a little cold ethanol. Run TLC of the crude product in 10% ethyl acetate/hexanes. Recrystallize the product from hexanes/toluene and air dry. Record the weight and melting point. Calculate the percent yield for the reaction.


Because the melting points for starting material and product are very close (look them up), you run TLC as confirmation of the product’s identity.

CARBOCATION REARRANGEMENTS:
Rearrangement of Benzopinacol

	Name:
	
	
	Section:
	


Reaction (use chemical drawing software): 

	Mass of benzopinacol:
	
	
	Theo mmol product:
	

	
	
	
	
	

	mmol of benzopinacol:
	
	
	Theo mass product:
	

	
	
	
	
	

	
	
	
	Mass recovered product:
	

	
	
	
	
	

	
	
	
	mmol recovered product:
	

	
	
	
	
	

	
	
	
	% yield of product:
	

	benzopinacol Rf value =
	
	
	
	product Rf =
	

	
	
	
	TLC solvent
	
	


Calculations: (you may include these on a separate attached sheet)

Questions

1.
Write the electron-pushing mechanism for your reaction. Label each intermediate as A, B, C, etc. You will use these in the following question.

2.
Explain the driving force for the carbocation rearrangement. Use a reaction coordinate-energy diagram as part of your explanation. Place the letters corresponding to intermediate structures (A, B, C, etc. from the previous problem) at the proper places on the diagram. If one of the intermediates is especially stable in a relative sense, explain in a sentence or two (with additional structures if necessary) the reason(s) for the added stability.
3.
According to your TLC plate, was your reaction complete? Explain. Tape your TLC plate below with appropriate information.

4.
Turn in the 13C NMR spectra of the starting material and product. Draw the structure of the starting material and product on the appropriate spectrum and assign the non-equivalent carbons (a, b, c, etc.) Correlate the non-equivalent carbons to the appropriate peaks in the spectrum. You do not need to correlate exactly all of the aromatic carbons. Write the solvent used above the solvent peak(s) on the spectrum. 
5.
Provide the major product(s) of the reactions below that involve carbocation intermediates:

	a.
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