Lab 11 Substitution and Elimination Reactions: Unimolecular Nucleophilic Substitution
Introduction
During this module, you will explore and perform two related reactions: an SN1 reaction and an E1 reaction. These reactions are your first synthesis reactions but, in addition to synthesis, you will also physically isolate your products by utilizing techniques you have already learned throughout the course. An important concept to learn during these two labs is the difference between the reaction itself, the subsequent workup, and the product analysis. The "workup" is the isolation of your product from the reaction mixture once the reaction is complete. By definition, "product analysis" must come after the workup has been completed. Product analysis allows for confirmation of product identity or identities and also reveals information on purity. In order to run a successful reaction, careful planning is required. Therefore, you need to be very familiar with the procedure and understand why each step is done. Again, understand why each step is done. When we run reactions, we also need to know beforehand the number of moles of reactants used, which reactant is the limiting reagent, theoretical yield and the reaction mechanism if it is known. We also need to have some idea of what the expected product or products are and the spectral and physical properties of them. In this case, you will be looking at the IR and the proton nuclear magnetic resonance (1H NMR) spectra of your products. We will do the NMR analysis during the last day of the module.
Introduction to SN1 Reactions
Alkyl groups that are connected to a leaving group, which include compounds such as alkyl halides, alcohols or amines, can be substituted with a nucleophile. Common nucleophiles include Br -, H2O, and - OH. Substitutions can occur by one of two pathways. Pathways are called mechanisms. A formal mechanism uses the curved arrow to show the movement of electrons as bonds are broken and made during the reaction. You should already be familiar with this concept from lecture and you will be covering these types of reactions extensively in lecture. In this lab, we will convert an alcohol into an alkyl halide using an SN1 reaction. Consider the starting situation: the OH group of the alcohol is not a good leaving group because, if it were to dissociate, it would be negatively charged and relatively unstable. So, the first step in this reaction is protonation of the alcohol using acid, which converts the OH into an +OH2, a good leaving group. Next comes dissociation of the newly appropriated leaving group, which involves it taking the pair of electrons in the C-O bond; otherwise, the H2O would be positively charged. This results overall in the formation of a carbocation and water. The third step is nucleophilic attack: the Cl- nucleophile attacks the carbocation using its lone pair and forms a C-Cl bond, re-establishing a tetrahedral geometry at the carbon. 
Before coming to lab:
For this lab you will be synthesizing 2-chloro-2-methylbutane from 2-methyl-2-butanol via an SN1 reaction.
1. Read: the material on both pages of the extraction tab in your lab notebook.
2. Read:  the rest of the module page including the entire procedure below and think about what you are doing in each step and why you are doing it.
3. If you have not covered this material yet in lecture or need a refresher these slides may be of help. These are lecture slides from Chem 3411 for Louden 5th edition from 2015. Chem3418SubstitutionandEimination.pdf[image: Preview the document]
The information you will need for the reactants and products is in Table 1. You will need to calculate the molecular weights of the reactants, the number of moles of each reactant, determine which reactant is the limiting reagent and calculate the theoretical yield for the product in moles and grams. The limiting reactant is the reactant present in the least number of moles if the reaction requires a 1:1 ratio of reactants. Questions regarding this are on the quiz. 
Table 1. Reactant and Product Information

You also need to know about the solvents and compounds that you will be using during the workup of the reaction. Information about those substances is in Table 2. You need to know why these substances are used. You should be familiar with the diagnostic IR bands of the starting material and the product.
Table 2. Solvents and Workup Substances

4. Take the quiz.  Quiz
During Lab
Procedure for the preparation of 2-Chloro-2-methylbutane from 2-Methyl-2-butanol
Reaction
1. Be sure to wear gloves. Know the hazards of all chemicals you are working with.  
2. Add 10 mL of 2-methyl-2-butanol and 25 mL of concentrated 12 M HCl to your 125 mL separatory funnel. Make sure the stopcock is closed before adding anything.  
3. Swirl the reaction mixture gently with the stopper off for about 1 minute, then stopper and invert the funnel 3-5 times, venting into the hood to release the vapor pressure.  
4. Shake well, invert, and vent the funnel intermittently for approximately 5 minutes.   
Workup 
1. Allow the contents of the funnel to stand until the mixture has separated into two layers. (If the layers do not separate, consult your TA. You should know which layer is which.
2. Separate the layers and drain the aqueous layer into a labeled waste beaker.  
3. Wash the organic layer twice with 10 mL of deionized water.  
4. Wash the organic layer with approximately 10 mL of 5% sodium bicarbonate. Be sure to gently swirl the contents without the stopper for approximately 1 minute before stoppering, lightly shaking and venting for about 5 minutes.  
5. Wash the organic layer with approximately 10 mL of 5% sodium bicarbonate a second time.
6. Wash the organic layer with 10 mL of deionized water. 
7. Dry the organic layer with anhydrous magnesium sulfate.
8. Gravity filter into a tared 50 mL beaker.
9. Calculate your yield and obtain an IR spectrum. 
After lab
1. Analyze and annotate your IR spectrum. Follow these instructions. 
2. Complete the Unimolecular Nucleophilic Substitution Post Lab and upload by the due date.
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