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4.

E1: Alkenes from Alcohols

Pre-lab questions  

Complete the following questions and submit prior to the experiment.

1. How many moles of cyclohexanol will be used in this reaction if you start with 3.5 mL of cyclohexanol?

2. What would be the theoretical yield (see question 1)?

3. The procedure refers to toluene as the chaser solvent.  What does this mean and why is it necessary?

4. A possible side product of this reaction has the molecular formula C12H20O.  Draw the structure.

5. Show the products of the following tests.  Indicate the product’s stereochemistry.   
      

cyclohexene + Br2 (
cyclohexene + KMnO4 + H2O (in basic solution) (
4.


E1: Alkenes from alcohols

Zubrick:

Review fractional distillation, pgs. 179-183

Jones:
E1, elimination unimolecular reactions, Chapter 6.11, pgs. 247-249.

McMurry:
Dehydration of alcohols, Chapter 8.5, pgs. 253-255.

Vocabulary:

Protonation:

To add a proton (H+) usually as in an acid base reaction.  


Deprotonation: 
To remove a proton (H+) as in an acid/base reaction.  In 





this experiment, water is acting as the base.


Catalyst:

A chemical/compound which promotes/accelerates the 





reaction.

This procedure has been adapted from the microscale procedure described in the third edition of Macroscale and Microscale Organic Experiments by Kenneth L. Williamson (Houghton Mifflin, Boston, 1999).




Background

Elimination reactions.  In this experiment, cyclohexanol will be dehydrated (loss of H2O) to form cyclohexene under acidic conditions (see Figure 1).  

[image: image2.wmf]O

H

step 1:

protonation of the 

alchol group by the

acid

H

O

H

2

O

H

2

+   O

H

2

O

H

2

step 2:

water leaves (LGL)

forming a secondary

carbocation

step 3:

H

H

O

H

2

+   O

H

3

deprotonation of a 

hydrogen to form the

double bond


Figure 1. The overall reaction.

The substrate or starting material is cyclohexanol (R-OH).  [image: image1.wmf]O
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Cyclohexanol

bp 161 

o

C, mp 25 

o

C

M.W. 100.16

density 0.96 g/mL

Cyclohexene

bp 83 

o

C

M.W. 82.14

density 0.81 g/mL

Phosphoric acid is present as a catalyst which promotes the reaction but is not consumed in it.  The hydroxyl group in R-OH is a poor-leaving group because it would have to leave as a hydroxide ion (HO-).  Therefore, an acid is used to protonate the alcohol (step 1) and form R-OH2+ (see Figure 2).  Thus, water (a much better leaving group) is the leaving group in this reaction (step 2) and the product is a secondary carbocation.  In the following step (step 3), a molecule of water deprotonates the carbocation at either of the adjacent carbons.  The remaining electrons flow towards the positive charge producing a (–bond between the carbons and forming a double bond.  

Figure 2.  The reaction mechanism for this experiment.

You will perform two alkene tests to examine whether or not you have the alkene product.  These tests will be described during the pre-lab lecture.

Experiment

1) Add about 5 mL of cylcohexanol to a round-bottomed flask.

2) Measure and record the volume of your cylcohexanol sample.

3) Add a boiling chip and 1.0 mL of phosphoric acid to the flask.

4) Swirl the solution to mix the different layers.

5) Set up the equipment for fractional distillation.

6) Gently heat the solution and distill off the liquid until 1-2 mL is left in the flask.

7) Record the temperature range at which the solution was distilled.

8) Remove the heat and let the apparatus cool down.  

9) Add 4 mL of toluene (used as a chaser solvent) to the round-bottomed flask.

10) Reassemble the apparatus and continue the distillation until half of the volume of the upper layer is left.

11) Transfer the combined distillates to a reaction tube, rinse the collection flask with a small amount of toluene and add the rinse to the reaction tube.

12) Wash the distillate with an equal volume of saturated sodium chloride (NaCl) solution.

13) Remove the sodium chloride (aqueous) layer.     

Bottom: inorganic (sodium chloride)   

Top: organic

14) Dry the organic layer by adding calcium chloride pellets and shaking the reaction tube.  

15) In the meantime, clean the distillation apparatus and make sure it is totally dry. 

16) Transfer the dry organic layer to the distilling flask, add a boiling chip, and distill the liquid until the temperature reaches 83 °C.  Make sure to record the temperature range of the distillate.  

For your lab report, you will record the temperature range of your final distillate, the theoretical yield, and the %yield.

Tips:  


· Make sure the thermometer is below the side arm of the distillation apparatus

· Control heat to distill only a few drops per minute.

· Make sure to note the approximate volume before starting the second distillation.

· While the solution is sitting with the drying pellets, clean the distillation apparatus to save time using water, ethanol, and a little acetone.
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E1: Alkenes from alcohols

Post-lab report  

Fill out the appropriate sections below.   
Results

	
	

	Initial Weight of cyclohexanol (Wi in g)
	

	Initial amount of cyclohexanol (Mi in moles)
	

	Theoretical yield of cyclohexene (T in moles)
	

	Final Weight of cyclohexene (Wf in grams)
	

	Final amount of cyclohexene (Mf in moles)
	

	% yield (actual)
	

	boiling point (°C)
	


Show all calculations.


In the following table, record your observations of the two alkene tests you performed in the appropriate column. In the “Conclusions” column, record whether or not your observations are consistent with the presence of an alkene.

	Alkene test
	Observations
	Conclusions

	Potassium permanganate (KMnO4)


	
	

	Iodine (I2)


	
	


Questions

 1.
Predict the major product of the dehydration of 2-methylcyclohexanol.  Draw the complete reaction mechanism.
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