



















Lab #5
Preparation of Cyclohexene by the E1 Dehydration of Cyclohexanol 























March 29, 2011
Introduction
· Balanced Equation 
C6H12O + H3PO4 → C6H10 + H2O + H3PO4
· Mechanism 


	The mechanism above shows an E1 elimination reaction.  This stands for unimolecular elimination, due to the rate determining step only depending on the electrophile and leaving group it contains.  This type of reaction is typical of tertiary carbons and some secondary carbons; this is a requirement as the carbocation formed after the leaving group leaves is stabilized by the excess carbons nearby, which help distribute the charge over a larger area.  
	E1 reactions depend on a variety of factors.  The first factor is the solvent being utilized.  The better the solvent is at stabilizing the carbocation, the more stable the transition state will be, and the faster the reaction will proceed.  The solvent in this reaction is water.  Water is a protic, polar solvent.  The fact that it is protic means it can hydrogen bond to the positively charged carbocation in the transition state, which stabilizes the positive charge further, allowing for a faster reaction.  Another factor that heavily influences the speed of an E1 reaction is the leaving group.  The leaving group in this reaction is hydroxide, however this is a very poor leaving group as it is.  It must first be protonated by phosphoric acid for this reaction to proceed, as the positive dihydrogen oxide that forms is a very good leaving group.  The final factor that dictates whether or not the reaction will proceed as an E1 reaction is the presence of a good nucleophile.  If a good nucleophile was present, the reaction would take place in a single step, and instead would be an E2 reaction.  Since there is no good nucleophile present, the reaction proceeds as E1
	The reaction takes place in a distillation flask and is distilled to collect the cyclohexene product.  This is possible as there exists a large separation in the boiling points of cyclohexene and cyclohexanol.  The collection of cyclohexene also pushes the reaction to the right due to Le Châtelier's principle; as a product is removed, the reaction shifts in the direction that produces more of that product.    The distillate is collected in a chilled flask as the product is volatile.  

Procedure and Observations 
· Preparation of Cyclohexene 
· Obtained a clean, dry, 100 mL distillation flask.  Added a magnetic stirrer, 12.5 mL of cyclohexanol, and 8 mL of 85% phosphoric acid 
· Constructed a fractional distillation apparatus using the distillation flask previously prepared as a starting position.  Used a 25 mL collection flask, fully submerged in an ice bath.  
· Heated the mixture to maximum temperature of 92.7 degrees Celsius and waited for the product to be separated from the reactants (approximately 53 minutes)
· Tested the product for acidity.  The product was found to be basic/neutral, therefore the procedure was complete
Table 1: Table of Reagents for Preparation of Cyclohexene 
	Reagent
	Mol. Wt. (g/mol)
	Density (g/mL)
	Amount (mL)
	Moles 

	Cyclohexanol
	100.16
	0.96
	12.5
	0.12

	85% Phosphoric Acid
	98.00
	1.69
	8.0
	0.14


· Observations 
· The reaction proceeded for 53 minutes with a maximum temperature of 92.7 degrees Celsius.  
Table 2: Preparation of Cyclohexene 
	
	Data Pertaining to Cyclohexene

	Maximum Temperature (°C)
	92.7

	Distillation Flow Rate (drops/second)
	0.3 - 0.5

	Distillate Collected (mL)
	11.0

	Weight of Tarred Flask (g)
	90.9

	Tarred Flask + Cyclohexene (g)
	99.1

	Weight of Cyclohexene (g)
	8.18

	Volume of Cyclohexene (mL)
	11.0

	Density of Product (g/mL)
	0.744

	Theoretical Yield (g)
	9.86

	Percent Yield (%)
	83.12

	Initial Appearance of Reaction Mixture
	Clear/colorless/syrupy

	Appearance of Heated Reaction Mixture
	Clear/yellow/brown

	Appearance of Product
	Clear


· Test Reactions 
· Alkenes 
· Placed 3 mL of bromine solution in dichloromethane in two separate test tubes.  Added 1 mL of an alkane mixture to each of the test tubes
· Placed one of the test tubes near a lamp for fifteen minutes.  Placed the other in a dark space for fifteen minutes.  Tested each tube for the evolution of hydrobromic acid evolution every 5 minutes using blue litmus paper 



Table 3: Test Reaction with Alkanes Before Mixing 
	
	Test Tube #1
	Test Tube #2

	Br2 in CH2Cl2 (mL)
	3
	3

	Alkane (mL)
	1
	1

	Light Source
	Yes
	No

	Initial Appearance 
	Red/orange 
	Red/orange 

	Appearance After 15 minutes 
	Clear
	Same as initial

	Observed Reaction 
	Acidic (more)
	Acidic (less)


· Mixed 1 mL of the alkane solution with 3 mL of concentrated sulfuric acid.  Mixed 1 mL of the alkane solution with 3 mL of aqueous KMnO4.
Table 4: Test Reaction with Alkanes After Mixing 
	
	Test Tube #3
	Test Tube #4

	Concentrated H2SO4 (mL)
	3
	

	Aqueous KMnO4 (mL)
	
	3

	Alkane (mL)
	1
	1

	Initial Appearance 
	2 clear layers
	2 distinct layers.  1 Purple and 1 clear 

	Appearance After 5 minutes 
	Same
	Same

	Observed Reaction 
	None
	None 


· Cyclohexene 
· Placed 0.5 mL of the cyclohexene solution produced in part 1 of this experiment into two separate test tubes.  Added 2 mL of bromine solution in dichloromethane to each of the test tubes
· Placed on of the test tubes next to a lamp, placed the other test tube in a dark area.  Tested each test tube for hydrobromic acid every 5 minutes using litmus paper
Table 5: Test Reaction with Cyclohexene Before Mixing
	
	Test Tube #1
	Test Tube #2

	Br2 in CH2Cl2 (mL)
	3
	3

	Cyclohexene (mL)
	1
	1

	Light Source
	Yes
	No

	Initial Appearance 
	Brown to clear quickly
	Brown to clear quickly

	Appearance After 15 minutes 
	Clear
	Clear 

	Observed Reaction 
	Not acidic 
	Not acidic 


· Mixed 0.5 mL of cyclohexene with 2 mL of concentrated sulfuric acid.  Mixed 0.5 mL of the cyclohexene with 2 mL of aqueous KMnO4








Table 6: Test Reaction with Cyclohexene After Mixing 
	
	Test Tube #3
	Test Tube #4

	Concentrated H2SO4 (mL)
	2
	

	Aqueous KMnO4 (mL)
	
	2

	Cyclohexene (mL)
	0.5
	0.5

	Initial Appearance 
	Homogeneous yellow/orange solution
	Homogeneous brown solution 

	Appearance After 5 minutes 
	Orange solution
	[bookmark: _GoBack]Darker brown

	Observed Reaction 
	Yes
	Yes



Discussion 
	The first part of this reaction consisted of a E1 elimination reaction that took place in a distillation apparatus.  The distillation procedure was used for two reasons.  The first reason is that the desired product is a pure sample of cyclohexene, and by using a distillation, we can separate cyclohexene completely from any unreacted cyclohexanol due to their large difference in boiling temperatures (cyclohexene 83°C, cyclohexanol 161°C).  The second reason we used a distillation apparatus is to ensure a maximum amount of cyclohexene is collected.  The distillation apparatus removes cyclohexene as it is formed, and Le Châtelier's Principle tells us that if a product is removed from a reaction vessel, the reaction will shift in the direction that manufactures more of that product.  Therefore, by performing a distillation, we were removing cyclohexene as it was being formed, forcing more cyclohexene to be made and ensuring maximum product formation.  One addition to the apparatus was the ice bath which chilled any distillate collected in the collection flask; this was done as the distillate is very volatile 
	It is important that only one product be formed/collected because we required a pure sample of cyclohexene for the second part of this experiment.  We were trying to compare the reactivity of alkanes and alkenes, and if any alkanes or other reacting substances were mixed in with the cyclohexene, our tests would be invalid as there would be competing reactions in the mixture.  If 2-hexonol would have been used instead, the product would be a mixture of 1-hexene and 2-hexene.  Se mechanism on the next page 
	The reaction left us with a cyclohexene product of 0.744g/ml.  This is very comparable to the literature value for cyclohexene of 0.811g/ml; our sample was 92% pure.  The reaction went to 83% completion


In the second part of this experiment, a number of test reactions were done.  
· Alkanes
· Mixing bromine and an alkane in the presence of light leads to a radical reaction.  This consists of three parts.  First (initiation), bromine molecules spilt apart in a homolytic fashion; each atom receives 1 electron and becomes a radical.  Initiation requires a catalyst such as heat or light.  The second part (chain propagation) sees the radical add to the most substituted position on the reaction species (forms most stable radical).  This forms a new radical on the reacting species.  The last step (termination) sees a second bromine radical react with the newly formed radical on the other reacting species.  This makes sense with our results as the product formed was very acidic, which indicates the presence of an acid such as HBr




· Mixing bromine and an alkane without light theoretically leads to no reaction.  This is due to the first step of a radical reaction requiring some kind of catalyst (light/heat) to break the bond between the 2 bromine atoms.  There was a reaction seen in the lab however, and this is due to the small amount of light that would have entered the locker each time we measured acidity.  It makes sense that this reaction was less acidic than the one above as this one would not have been able to produce as much HBr as the first one.  The mechanism here is the same as above
· Mixing an alkane with sulfuric acid leads to no reaction.  This is due to the lack of a leaving group on the alkane and there is no good nucleophile present.  There is simply no possible way for the two species to react.  This makes sense with the lab result as no change was seen in color for this mixture.  There is no mechanism associated with the reaction 
· Mixing an alkane with KMnO4 also leads to no reaction.  Again, there is no leaving group on the alkane, and there is no good nucleophile present.  There is simply no possible way for the two species to react.  This makes sense with the lab result as no change was seen in color for this mixture.  There is no mechanism associated with the reaction 
· Cyclohexene Reactions
· Mixing cyclohexene with bromine in the presence of light leads to two possible reactions.  The first reaction is similar to the first reaction displayed; the 2 bromine atoms split and a radical reaction proceeds.  The second reaction possible sees the double bond on cyclohexene act as a nucleophile and one of the bromines act as a leaving group while the other acts as a nucleophile as well.  This can produce some HBr 



_________________________________________________________________________________________


· Mixing cyclohexene with bromine in the dark will see the same two reactions as above occur, only this time, the first reaction (requires light) will occur much less than the second reaction.  This would speed up the reaction due to less competition.  See above for mechanisms 
· Mixing cyclohexene with sulfuric acid














· Mixing cyclohexene with KMnO4
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