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Chem 3125: The Study of Elimination/Substitution Reactions Using GC
Adapted From: The Study of Elimination Reactions Using Gas Chromatography, Devin Latimer, J. Chem Ed, Vol 80, p. 1183, 2003
Introduction

Elimination and substitution reactions (E1,E2, SN1, SN2) are among the most fundamental organic reactions. While each of these reaction types is relatively simple in mechanism, the 2 competing pathways complicate matters. In this experiment, you will investigate the effects of structural features of the alkyl halide and the base/nucleophile used on the outcome of the reaction. 

Each person will complete a reaction between one of three alkyl halides and one of two bases, and the product distribution of each reaction will be analyzed by gas chromatography (GC).   The GC data will be compiled by each student and then shared with the class.  The effect of different bases/nucleophiles and primary versus secondary alkyl bromides gives a range of results that demonstrate the effects of substrate and nucleophiles on product distribution.  
Reactions (6 total potential reactions)
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Required Chemicals
	Reagent
	Molarity/MW
	Amount 

	1-bromopentane
	151.04
	10 drops, ~ 0.5 mL

	2-bromopentane
	151.04
	10 drops, ~ 0.5 mL

	2-bromo-2-methylbutane
	151.04
	10 drops, ~ 0.5 mL

	Na Methoxide
	1.5 M
	1.2 mL

	Na Ethoxide
	1.5 M
	1.2 mL

	K t-Butoxide
	1.5 M
	1.2 mL

	Good MTBE- not distilled
	
	10 mL

	Saturated NH4Cl
	Not relevant
	2*10 mL


Student Procedure
You will be assigned a brominated alkane and a base for your particular elimination/substitution reaction.  Note: the sodium methoxide, sodium ethoxide and potassium tert-butoxide salts will decompose on prolonged exposure to moisture in the air and so should be kept closed to the atmosphere as much as possible.   In order to minimize contamination with water the condenser and RB flask should be dried in the oven for 20 minutes prior to setup.  To minimize water contamination, setup your apparatus after drying before adding chemicals.  In a 50 mL RB flask set up for reflux with heating mantel (hot water bath alternative) with a drying tube, add 1.2 mL of the 1.5 M sodium methoxide, sodium ethoxide or potassium tert-butoxide salt and stir with 10 drops of the brominated alkane (approximately 4.0 mmoles) heated at reflux for one hour.  After the solution is cooled to room temperature, the product is transferred to a separatory funnel and 10 mL of quality, non-redistilled MTBE is added to wash the reaction flask.  The organic layer is then washed with saturated aqueous ammonium chloride (2 x 10 mL) and water (1 x 10 mL).  The organic layer is transferred to a dry 50 mL flask and dried with anhydrous magnesium sulfate.  A 2-4 mL sample is put in a sample vial for GC analysis.
Analysis of Results

You will be given a spreadsheet with GC data of expected olefin (alkene) products, 1-, 2- & 3-pentene, MTBE, 1-bromopentane, 2-bromopentane, and expected substitution products.  You will need to compare these to the GC data of your product mixture. A table of boiling points versus retention time should be created for the GC chromatograms.  Since MTBE is present in such high levels, the scale is expanded to show products.   Be sure to look for impurities in the GC traces of the starting alkyl bromides and not confuse them with your products.  
(Use the following paragraph to fill out Table 1.)

Gas chromatography gives relative wt. % of each component as measured in peak area of desired peaks.  You will need to fill out the table below and calculate moles of alkyl halide and products (Assume you have 100 grams to get relative moles).  Convert the relative GC wt. % of each component to relative moles by dividing by the molecular weight of the component.  Then divide the relative moles of each product by the total moles and multiply by 100 to determine normalized mole % of each component.  
	Component
	Relative wt. % (GC wt. % #)
	Relative moles

(GC wt.% / MW)
	Normalized mole %, 

(rel. moles / total moles *100 )

	1-Pentene/2-methyl-1-butene
	
	
	

	Trans 2-Pentene/2-methyl-2-butene
	
	
	

	Cis 2-Pentene
	
	
	

	Alkyl-Pentyl Ethers
	
	
	

	1 or 2-bromopentane

Or 2-bromo-2-methyl
	
	
	

	Total moles
	
	
	


TABLE 1
(Use the following information below to fill out Table 2)

% alkyl bromide reacted:  (100% – normalized mole % of unreacted reactant) 

% conversion to olefin: (normalized mole % of all olefins / % alkyl bromide reacted * 100)

% conversion to ether: (normalized mole % of ether / % alkyl bromide reacted *100)

Ratio % of 1-Pentene: (normalized mole % of 1-Pentene / (sum of normalized mole % of all olefins *100).  

	Halide/Base Combo
	% Alkyl bromide Reacted
	Olefin %


	Ether %
	Ratio 1-Pentene(butane)/total pentene(butane)  * 100

	1-Br/MeO
	
	
	
	

	2-Br/MeO
	
	
	
	

	2Br2Me/MeO
	
	
	
	

	1-Br/EtO
	
	
	
	

	2-Br/EtO
	
	
	
	

	2Br2Me/EtO
	
	
	
	

	1-Br/t-BuO
	
	
	
	

	2-Br/t-BuO
	
	
	
	

	2Br2Me/t-BuO
	
	
	
	


TABLE 2 


The sum of olefin plus ether = 100%

Share your data with the class as a whole so you can compare all the reactions in your lab report.
Lab Report Guide (refer to grading key handout as well as this is only a guide)
Lab report should include a discussion for each combination of alkyl halide and base. Include why the products are produced and whether E2/Sn2 or E1/Sn1 was primary mechanism.
Example 

1-bromopentane/methoxide – Primary product is ether because of the primary carbon which favors substitution and small nucleophile.  Primarily occurs by E2/Sn2.

2-bromopentane/methoxide 

2-bromo-2-methylbutane/methoxide 

1-bromopentane/t-butoxide 
2-bromopentane/ t-butoxide

2-bromo-2-methylbutane/ t-butoxide

Only draw the actual mechanism for the specific reaction you personally did in the lab.
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