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DEHYDRATION OF 4-METHYLCYCLOHEXANOL 
 

PURPOSE 
Perform an acid-catalyzed dehydration of 4-methylcyclohexanol to produce  
4-methycyclohexene.  
 
TECHNIQUES 
• Dehydration of an alcohol 
• Preparation of an alkene 
• Distillation 
• Unsaturation tests 
 
THEORY 
An acid-catalyzed dehydration is a common way to synthesize an alkene from an alcohol. 
Use of a strong acid like sulfuric or phosphoric acid serves to protonate the alcohol "OH" 
group, forming an H2O molecule that is a much better leaving group. As the water leaves 
the starting material, a proton is also lost in an elimination process. The end result is the 
alkene product. The chemical equation that describes this experiment is: 
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This type of dehydration is an equilibrium reaction and will not form much product 
unless we stress the equilibrium using Le Chatelier's Principle. The 4-methylcyclohexene 
product will be co-distilled with the water that also forms. As these products leave the 
reaction flask, more of the starting alcohol will react. Some of the acid reactants will 
likely co-distill with your products. While sulfuric acid is more effective in this reaction, 
it can char (darken) a reaction, so we will use a minimum of sulfuric with phosphoric 
acid making up the remainder of the acid. A wash with saturated sodium chloride 
solution will help remove the acid and most residual water from the distilled product. A 
drying agent will remove any other traces of water.  
 
Compounds containing double bonds are easily characterized through one of several tests 
for unsaturation. A red-colored bromine solution will turn colorless when it contacts an 
alkene compound. The Br2 adds to the double bond – serving as a positive test for the 
presence of an alkene.  
 
 
 
 
        (continued on other side) 
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Similarly, in the Baeyer Test, purple potassium permanganate solution will lose some of 
its color and form a brown precipitate of MnO2 when it reacts with an alkene. You will 
test your 4-methylcylcohexene product for unsaturation using both of these tests.  
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SAFETY/ WASTE DISPOSAL 
Sulfuric and phosphoric acids are very corrosive. All wastes can be placed in the "non-
halogenated" waste, except for the test tube contents from the bromine test. This should 
be placed into the "halogenated" waste container.  
 
     
PROCEDURE 
 
APPARATUS / REACTION MIXTURE 
1) Tare a 50 mL round-bottom flask, add 5.0 mL of 4-methylcyclohexanol, then reweigh 
the flask and calculate the actual mass of reactant. Add 2.5 mL of 85% phosphoric acid to 
that flask. (Thanks to Dr. V. Waghulde for these improved conditions )  Mix the liquids 
with a stirring rod and add a boiling stone. Assemble a distillation apparatus (p. 168, Fig. 
20.1, Survival Manual) using a 25 mL round-bottom as a receiving flask. Be sure to use a 
small amount of stopcock grease to seal the glass joint between the round-bottom and 
condenser. Use a heating mantle to heat, setting its height so that the mantle can be 
dropped down when cooling is desired. Immerse the receiving flask in ice water to 
minimize the escape of vapors into the lab. Turn on the water for  the condenser and start 
heating the reaction vessel. Adjust the heating mantle setting so that product distills at a 
rate where about thirty minutes will  be required to empty the reaction flask. (Did you 
record the time that the first drop distilled?) Too rapid heating will result in incomplete 
reaction or will force the unreacted alcohol into your product in the receiving flask. DO 
NOT HEAT TO DRYNESS! Shut down the heat and condenser water. Your receiving 
flask should contain the alkene and water products. 
 
 
 
          (continued) 
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DRYING THE ORGANIC PRODUCT 
2) Pour the distillate from the receiver into a centrifuge tube with the aid of 1 or 2 mL of 
saturated sodium chloride solution. Allow the layers to separate. Use a disposable pipet to 
remove and discard the lower aqueous layer. You should expel air from the pipet as you 
plunge it through the upper organic layer so that no liquid can enter the pipet at that time. 
Use a clean pipet to transfer the organic component to a small Erlenmeyer flask 
containing about 0.5 g anhydrous sodium sulfate. Stopper the flask and allow the drying 
agent to remove any residual traces of water (10-15 minutes). If your drying agent all 
clumps up, you need to add additional sodium sulfate.  
 
DISTILLATION FOR PURITY 
3) While your product is drying, wash and dry your distillation apparatus so no water 
remains. Use a final rinse of acetone to insure that water is removed. Transfer the dried 
organic to a clean 50 mL round-bottom (leaving drying agent behind), add a boiling 
stone, and use this as the boiling flask of a distillation set-up. You should pre-weigh a  
25 mL round-bottom and use it as the receiving flask. Cool this receiver in an ice bath 
since the product alkene is fairly volatile. Perform the distillation and collect the purified 
4-methylcyclohexene, leaving behind a small amount of impurity in the boiling flask. 
You should record the boiling point range you observed during this process. Reweigh the 
receiving flask and record the mass of product recovered. Calculate percent yield. 
 
UNSATURATION TESTS 
Place 4 or 5 drops of 4-methylcyclohexanol starting material into each of two small 
labeled test tubes. Take two more small labeled test tubes and place 4 or 5 drops of your 
4-methylcyclohexene product in each of them. Take one tube from each group, and count 
how many drops of the provided bromine in methylene chloride solution it takes before 
the red color remains upon contact with the liquid sample. Record this information. Test 
the remaining two liquids in a similar way using the potassium permanganate test 
reagent.  Because aq. KMnO4 is not soluble with organics, you must add 10 drops of  
1,2-dimethoxyethane to each test tube before testing. Add the permanganate test solution, 
looking for a lessening of the purple color and formation of solid MnO2. Record your 
observations. Have you proven the presence of a double bond in your product? 
 
INFRARED SPECTROSCOPY 
Obtain an infrared spectrum of your product. This material will probably volatilize 
rapidly from your NaCL IR plates, so work quickly. Your instructor will issue the IR 
spectrum of the starting alcohol. You will compare the spectrum of your product with the 
spectrum of the starting alcohol.  
 
SAMPLE SUBMISSION 
Submit your product in a sealed vial. Your label should contain all the proper 
information. 

The Professor says …"An elimination reaction always removes atoms from a 
 molecule and leaves a double bond behind."  (continued on other side) 
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RESULTS 
In your notebook Conclusion, report your percent yield and appearance of your product. 
Discuss and compare the literature boiling point and the value you observed. Explain the 
results of your tests for unsaturation. Copy and complete the following table into your  
notebook, THEN write a paragraph explaining how the infrared data allowed you to tell 
that the reaction was successful. Be specific and use wavenumbers in your discussion. 
 
  4-methylcyclohexanol 
Wavenumber 

(cm-1) 
Peak  
Shape 

(sharp, broad) 

Peak 
Intensity 

(strong, medium 
or ,weak) 

Functional 
Group 

Indicated 
    
    
    
 
  4-methylcyclohexene 
Wavenumber 

(cm-1) 
Peak  
Shape 

(sharp, broad) 

Peak 
Intensity 

(strong, medium 
or ,weak) 

Functional 
Group 

Indicated 
    
    
    
 
QUESTIONS 
1) Draw a mechanism for the dehydration of  cyclohexanol catalyzed by phosphoric acid. 
You may need to refer to a lecture textbook. 
 
2) In the laboratory experiment, as the 4-methycyclohexene and water are being formed, 
they are constantly being distilled from the reaction mixture into a separate receiving 
flask. Explain how this process helps the reaction proceed with a higher yield. 
 
3) What major alkene product is produced by dehydration of the following alcohols? You 
must draw the structure of the reactant alcohol and the final product in each answer. 
 a) cyclopentanol 
 b) 1-methylcyclohexanol 
 c) 2-methylcyclohexanol (Hint: look for a rearrangement and two products) 
 
4) In this experiment, several mL of saturated sodium chloride is used to transfer crude 
product after the initial distillation. Why is saturated sodium chloride, rather than pure 
water, used for this procedure? 
 
5) Write the structure of the two products that form when the Baeyer Test is performed on 
cyclobutene. 
 


