Green Chemistry
  Solventless, Room Temperature, Tandem Diels-Alder Reaction and Intramolecular Nucleophilic Acyl Substitution
Required Readings:

· McMurry Section: chap 8.14, chap 16.2, chap 16.5
· https://www.epa.gov/greenchemistry/basics-green-chemistry#definition
Introduction

Green Chemistry:

Green Chemistry is a growing idea and philosophy within the field of chemistry that takes into account the environmental impact of chemistry as a whole. Green Chemistry seeks to look at all fields of chemistry and further look at their practices from start to finish in order to minimize or eliminate negative impacts on the environment and world. As defined by the US EPA, Green Chemistry is “the design of chemical products and processes that reduce or eliminate the use or generation of hazardous substances.”1 It seeks to think about every aspect of a chemical product lifecycle, from its synthesis to its disposal. The ideal green synthesis has a number of qualities including the usage of no or non-hazardous solvent, having one hundred percent atom economy, and generating no hazardous waste or byproducts.  The complete list of the 12 principles of green chemistry can be found on the website listed above. 

Diels-Alder Reaction:
The Diels-Alder reaction was first discovered in 1928 by its namesake chemists, Otto Diels and Kurt Alder. The discovery of the reaction led to them being awarded the Nobel Prize in Chemistry in 1950. Diels-Alder, also known as a 4+2 cycloaddition reaction reaction, takes place between a four carbon diene and a two carbon dienophile to form a new cyclic product possessing a cyclohexene ring (Figure 1). The reaction is used widely in chemical synthesis due to its innate properties. The reaction has both a high degree of regioselectivity, preferring the formation of one constitutional isomer of the product to the other, and a high degree of stereoselectivity, preferring the formation of one stereoisomer to the other.  Note that the stereochemistry of the dienophile is maintained in the product. As shown below, the double bond is cis in the starting material and the cyclopentane ring carbons are also cis in the product.  
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Figure 1: Example Diels-Alder Reaction and Mechanism

Nucleophilic Acyl Substitution:
A nucleophilic acyl substation reaction involves a nucleophile, such as an alcohol or amine, and an acyl compound such as an anhydride, ester or acid chloride.  The product derived from this reaction has the nucleophile substitute for the leaving group attached to the acyl group by going through a tetrahedral intermediate as shown in Figure 2.
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Figure 2: Example Intermolecular Nucleophilic Acyl Substitution Reaction and Mechanism
The overall reaction performed in this experiment is a tandem reaction, meaning that it is a chemical process with two or more consecutive reactions and that each subsequent reaction occurs only due to the formation of the product formed in the previous step.  Specifically, this reaction will use (E,E)-2,4-hexadien-1-ol and maleic anhydride to carry out a tandem Diels-Alder nucleophilic acyl substitution reaction to give the product shown in Figure 3.
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Figure 3: Major Observed Product of Green Chemistry Reaction
Hazards
(E,E)-2,4-Hexadien-1-ol and maleic anhydride are skin irritants, corrosive, and irritating to the mucous membranes.  Avoid inhalation and skin contact.  Eye protection and gloves are required.  Waste must be disposed of properly.
Procedure

Measure out 100 μL (mmol ?) of (E,E)-2,4-Hexadien-1-ol using an automatic pipette into a dry, tared small beaker.  The reagent bottle and pipette tips will be stored on a heating block in order to keep it in its liquid state because the melting point of the diene (you need to look this up) is close to room temperature.  If it has solidified, contact the instructor immediately.  Also, make sure the pipette tip is not clogged before putting it back!  

It is very important to have equimolar amounts of the diene and dienophile.  Therefore, once you have obtained the (E,E)-2,4-Hexadien-1-ol, reweigh the beaker and calculate the mmol.  Then calculate the exact mass of maleic anhydride you will need.  Weigh out this finely, powdered solid using weigh paper an then add it to your beaker containing the diene.  It will not be a large amount of material so take caution when measuring out the dienophile.
Once both components are in the beaker, using a metal spatula, continuously and thoroughly stir the mixture until complete liquefaction and resolidfication occur (about 15 minutes).  Once a solid product is formed, reweigh the beaker to obtain the mass.
In order to determine that the product was synthesized, a simple wet chemical test will be performed to confirm that a carboxylic acid is present.  For this test, use a spatula to transfer a very small portion of your product to a watch glass.  Add an equally sized small portion of solid NaHCO3.  Use a disposable pipet to add 1-2 drops of water to the mixture.  Record your observations in your notebook.
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	Name:
	
	
	Section:
	


Reaction (use chemical drawing software): 

	Mass of (E,E)-2,4-hexadien-1-ol:
	
	
	Theo mmol product:
	

	
	
	
	
	

	mmol of (E,E)-2,4-hexadien-1-ol:
	
	
	Theo mass product:
	

	
	
	
	
	

	Mass of maleic anhydride:
	
	
	Mass recovered product:
	

	
	
	
	
	

	mmol of maleic anhydride:
	
	
	mmol recovered product:
	

	
	
	
	
	

	
	
	
	% yield of product:
	


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

Draw the structure of the product on the 1H and the 13C NMR spectrum. Label each non-equivalent proton (1H spectrum) and carbon (13C spectrum) in the structure (a,b,c…). Correlate each non-equivalent proton (1H spectrum) and carbon (13C spectrum) by writing the letter above the corresponding peak in the spectrum. Identify the solvent peak by writing the formula/name of the solvent above the peak in each spectrum.  
Fill out the table below for the 1H NMR spectrum for the product. The assignments must match those on the NMR spectrum.
	(ppm)
	Multiplicity
	J, Hz
	Number of H’s
	Assignment

	12.00
	s (br)
	
	1
	a

	5.92
	ddd
	10.2, 4.6, 2.3
	1
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Questions

1.
Give the complete electron-pushing mechanism for the reaction.  Show the correct stereochemistry throughout.  Clearly label the Diels-Alder adduct intermediate.
2.
Using the 12 principles of green chemistry, explain how this reaction fits into the parameters of green chemistry.
3.
Show the chemical reaction that occurs when the product is reacted with NaHCO3.  In words explain the chemistry that is taking place.  
4.
Show the major product(s) or starting materials, with correct regiochemistry and stereochemistry when appropriate, of the following Diels-Alder reactions:
	a.
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