Lab 5: Epoxidation of (R)-(-)-carvone using mCPBA
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Introduction

· Alkenes are sp2 hybridized because of their carbon-carbon double bond (π).
· Alkenes are more reactive than alkanes and react with halogens, acids and water, which add easily to the double bonds.
· Expoxidations are usually performed with alkenes in inert solvents, such as the dichloromethane used in the experiment.
· Alkenes react with peroxycaroxylic acids to form an epoxide, where an oxygen atom is transferred to the peroxy acid to the alkene in a syn fashion.
· The epoxidation of an alkene is shown below:




















Procedure and Observations:

Refer to Lab Manual – Preparation of Benzoic Acid using a Grignard Agent, September 2012, Department of Chemistry, University of Ottawa, pg. 47.

Preparation of the Epoxide

Table 1: Table of Reagents
	
	Mol. Wt.
(g/mol)
	Density
(g/mL)
	Amount
(g or mL)
	Moles
(mol)

	mCPBA
	172.57
	10.56
	0.85
	0.0049

	(R)-(-)-carvone
	150.22
	20.96
	0.5
	0.0032

	Dichloromethane
	84.93
	31.33
	15
	0.23


1http://www.sigmaaldrich.com/etc/medialib/docs/Aldrich/Bulletin/al_techbull_al116.Par.0001.File.tmp/al_techbull_al116.pdf
2http://www.chemspider.com/Chemical-Structure.388655.html
3http://www.chemicalbook.com/ChemicalProductProperty_EN_CB7740372.ht

Table 2: Appearances of mixtures
	Initial appearance of Reaction Mixture
	Appearance of the Heated Reaction Mixture

	· Clear, liquid, transparent, water-like viscosity
	· Yellowish oil colour, transparent



Sketches of TLC



























Table 3: Total time of reaction
	Time until the reaction was complete by TLC (min)
	120 minutes



Isolation of the product

Table 3: Weight of final product
	
	Isolated product

	Weight of Flask (g)
	66.0028 

	Weight of Flask + Product (g)
	66.1804 

	Weight of Product (g)
	0.1776

	Appearance of Dried Product
	Yellow, oily substance




Final TLC of recovered compounds:














Calculations
Ratio of carvone:epoxide is 1:1
%yield = moles of epoxide  x100  	             moles of epoxide = (0.1776g)/(166.22g/mol)
                moles of carvone		            			     = 0.00107 moles
            = 0.00107moles   x 100	             moles of carvone = 0.0032 moles
               0.0032moles
            = 33.4%
Discussion

· In identifying the state of the reaction using TLC, an 8:2 mixture of ethyl acetate and hexanes was used as the eluent.
· The sample was used as the reaction mixture and the solution of (R)-(-)-carvone was used as the reference compounds.
· The TLC was placed in potassium permanganate solution, a very strong oxidizing agent that reacts strongly with double bonds.
· Therefore, it reacts with organic materials in this experiment that are double bond rich.
· In the regions where the potassium permanganate oxidizes the compounds, it gets reduced and the permanganate ion changes colour (golden colour), due to a different oxidation state.
· When the spot of the reaction mixture equal to the distance of the reference disappeared, meant the reaction was complete.
· The mechanism is shown below.









· The reaction mixture began as a clear solution, and progressed to a white, cloudy solution.
· Sodium sulfite was added to the reaction to remove excess unreacted mCPBA.
· The sodium sulfite reacts with the mCPBA to form an adduct complex, which precipitates out of solution.
· Sodium carbonate was added to the solution to perform an acid base reaction with carbonic acid formed as a byproduct.
· The carbonate ion acts as a weak base in solution, it reacts with the carbonic acid forming a charged ion, the charge dissolves in water and separated using the separatory funnel.
· Sodium carbonate and saturated sodium chloride solution was used to remove any excess (possibly unreacted) carboxylic acid left in the organic phase.
· Sodium and chlorine in the solution increase ionic strength of water, which removes any excess carboxylic acid from the organic phase.
· Sodium sulfate was used as a drying agent.
· Sodium sulfate removes any excess water, which may have been present in the organic phase.
· The mechanism for the reaction is shown below.






















· The measured yield of the experiment was observed to be 33.4%. The reason for this low percent yield could be because during the heating stage of the reaction to remove sodium carbonate, some of our product evaporated with it. Also human error could be a plausible reason for the low percent yield in situations like losing residual product when filtering, spillage when pouring into the separatory funnel, and contamination of the product. 
· *Flow chart on following page
Questions

1. Epoxidations can be regioselective. The rate of reaction will depend on the electron density of the double bond. A faster reaction will occur with a more electron-rich double bond. (R)-(-)-carvone has two carbon-carbon double bonds: one on the ispropenyl group side chain and the other in the ring, conjugated with the carbonyl group. Because of this conjugation, the double bond within the ring forms a resonance structure with the double bonded oxygen and the ring. Therefore, the double bond within the ring loses electron density and the carbon loses its double bond and becomes positively charged, while the oxygen becomes negatively charged. 
      2.







3. The compound that is more reactive with mCPBA is when the double bond of the compound has a higher negative charge density, and acts as a stronger nucleophile. Therefore, the reactant would be more reactive when donating electrons. The least reactive compound is the fluorine group. Since it is very electronegative, the fluorine takes much of the charge away from the double bond. Resonance effects due to the fluorine are not strong enough to donate the negative charge.
The second least compound is the hydrogen group. This group is neither electron donating nor electron withdrawing, as it does not have a high electronegativity, and does not have lone pairs to contribute to resonance effects.
The alkyl group and ether group are both electron donating groups. The ether group is more stable than the alkyl group because the resonance structure is more stable because oxygen is substituted with a methyl group. Therefore, the negative charge of the oxygen will be donate to the double bond, which makes the double bond a stronger nucleophile and thus more reactive with mCPBA.

      4.
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