

CHE 311 L	Northern Kentucky University
Nitration of Methyl Benzoate

Required Pre-Lab Readings: McMurry Chapter 9.6
Techniques you must be prepared to perform: Vacuum filtration, recrystallization and melting points.

Introduction
Because the nitro group can be converted to a large number of other groups (below, for example) and because it allows access to ortho,para-directors being located meta to each other, nitration is one of the most frequently used electrophilic aromatic substitution reactions. After reduction, a meta-directing deactivating nitro group becomes an ortho,para-directing activating amine. The amine can be further converted though various steps into other groups or removed altogether.  
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In this experiment the arene to be nitrated is methyl benzoate.  The nitration of methyl benzoate can result in the formation of considerable quantities of ortho-product1‑6 as well as the meta-product unless careful regulation of the nitration temperature is maintained.  The proportion of ortho- and meta-isomers is also affected by the presence of sulfuric acid.5,6  The normal addition of methyl benzoate to a nitrating mixture can also lead to dinitration which, however, can be minimized by using the reverse-addition technique, that is adding the nitrating mixture to the methyl benzoate.  

Procedure
Sulfuric acid and nitric acid are extremely corrosive.  Use care when handling these reagents.

A. The Nitrating Solution: Transfer 1.0 mL concentrated nitric acid (~15 M) into a labeled 15 x 125 mm test tube. Then, place 1.2 mL concentrated sulfuric acid (~18 M) into a separate labeled test tube. Chill both the test tubes with the acids in them in an ice-water bath for 10 min. Use a Pasteur pipet to slowly add the cold sulfuric acid drop by drop into the cold nitric acid with swirling (about 5 minutes).  After adding all the sulfuric acid to the nitric acid, allow the nitrating solution to stand in the ice-water bath for 10 minutes. 

B. The Ester Solution: Add 2.5 mL of conc. sulfuric acid to a 25 mL round bottomed flask with a stirbar.  Cool the flask by placing it in a 100 mL beaker containing a salt-ice water mixture.  Clamp this beaker on top of a stir plate and allow the flask to cool for 5 min.  Begin stirring the sulfuric acid and slowly add 1.0 mL methyl benzoate over 5 min.  Once the addition is complete let the solution to cool for an additional 5 min with stirring.  

C. The Reaction: Add the cold nitrating solution slowly to the stirring ester mixture dropwise (about 20 minutes).  Check the temperature of the reaction with a thermometer.  Do not let the temperature rise much above 10 °C.  Efficient stirring and cooling are essential.  The rate of addition will be slow at first but can be speeded up a little at the end of the reaction.  After the addition of the nitrating agent keep the reaction stirring in the ice bath for another 10-15 min.  Pour the contents of the round bottomed flask into a beaker containing about 10 g of crushed ice and 10 mL of water with vigorous stirring.  The product should separate out.

When the excess ice has melted, suction filter, and wash well with cold water (about 25 - 50 mL) to remove the inorganic acid.  Dry the product, then determine the mp and calculate a yield of crude product.  The crude methyl m-nitrobenzoate can be recrystallized from methanol or methanol/water.

You will be given the 1H NMR spectrum for the starting material and the product.  You should treat this data as if you had collected it.  First, each spectrum needs to be referenced in your lab notebook.  In addition, at a minimum, each spectrum should have the associated lab notebook page number and structure of the compound on it.
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Nitration of Methyl Benzoate
DATA SHEET

	Name:
	
	
	Section Number:
	



Overall Reaction (chemical drawing software):








	Volume of methyl benzoate:
	
	
	Theo mmol methyl m-nitrobenzoate:
	

	
	
	
	
	

	mmol of methyl benzoate:
	
	
	Theo mass methyl m-nitrobenzoate:
	

	
	
	
	
	

	mmol HNO3:
	
	
	Mass recovered methyl m-nitrobenzoate:
	

	
	
	
	
	

	mmol of H2SO4:
	
	
	mmol recovered methyl m-nitrobenzoate:
	

	
	
	
	
	

	
	
	
	% yield methyl m-nitrobenzoate:
	



Observed melting point of recovered methyl m-nitrobenzoate:  			

Literature melting point:  					

Literature source:

Show complete calculations: (lab notebook)

Draw the structure of the starting material directly on its 1H NMR spectrum with all non-equivalent H’s labeled (a,b,c…) for NMR identification. Match each label with the corresponding peak(s) in the spectrum by writing the appropriate letter above the associated peak(s).  Label any NMR solvent peaks in the spectrum by writing the solvent above them. Only turn in the one spectrum that shows all of the peaks.

Draw the structure of the product directly on its 1H NMR spectrum with all non-equivalent H’s labeled (a,b,c…) for NMR identification. Match each label with the corresponding peak(s) in the spectrum by writing the appropriate letter above the associated peak(s).  Label any NMR solvent peaks in the spectrum by writing the solvent above them.

Fill out the table on the following page for the 1H NMR spectrum of the product. Use the same labels (a,b,c…) in the table that were used for identification of non-equivalent protons on the spectrum. You may use the expanded spectrum to determine chemical shifts and coupling constants, but you will only turn in the one spectrum that includes all the peaks. Do not include solvent peaks in the table.


1H NMR spectrum of the product

	 (ppm)
	Multiplicity
	J, Hz
	Number of H’s
	Identification

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Post Lab Questions
1.	Write out a complete electron-pushing mechanism for the acid-catalyzed nitration of methyl benzoate.  Include in your mechanism the formation of the nitronium ion (NO2+) and all resonance contributors that stabilize the arenium ion intermediate.












2.	Explain why adding the nitrating solution to the ester solution instead of adding the ester solution to the nitrating solution helps to minimize the amount of dinitration. 








3.	Show the major product(s) of the following electrophilic aromatic substitution reactions:

	a.
	

	
	







	
	
	
	

	
	
	
	

	b.
	

	
	







	
	
	
	

	
	
	
	

	c.
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