    CHEMISTRY 243

EXPERIMENT XI
ESTERIFICATION - The Preparation of Methyl Benzoate

REFERENCE:
Introduction to Organic Laboratory Techniques, 3rd Ed., Pavia, Lampman and Kriz


Vacuum Distilation, pp. 558-562, 590-592

OBJECTIVES:  The student should be able to:

1.
Write up a step by step procedure for the reaction using information on the handout sheet, laboratory manuals and The Handbook of Chemistry and Physics.

2.
Extract the reaction product by use of the properties of polarity and acidity.

3.
Recover the unreacted benzoic acid.

4.
Distill the product by vacuum distillation.

5.
Calculate the amounts of reactants given the grams of product and the expected percent yield.

6.
Identify the final product from physical properties, and IR spectra.
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REAGENTS:
Reactants:    Benzoic acid; methanol

Catalyst:     conc. H2SO4, 4 ml

Calculate the amounts of the reactants required to produce 21.8 grams of methyl benzoate assuming a 80% yield.

Use this theoretical amount of benzoic acid.

Use a 518% excess of methanol. See note 4
When calculating amounts of reactants, round moles to 2 decimal places, final masses to 1 decimal place and final volumes to whole numbers.

PRODUCT ISOLATED:    Methyl benzoate1
REACTANT RECOVERED:  Benzoic acid2
APPARATUS:
250 ml standard taper round bottom flask and narrow condenser




500 ml separatory funnel

REACTION:
Sulfuric acid should be added slowly with swirling to a well dispersed mixture of benzoic acid in methanol.

REACTION TIME: Approximately 1 hour at reflux temperature.

PURIFICATION:
Use is made of the solubility differences of the compound in water and in ether.  The reaction mixture is added to a couple of hundred ml of water in a separatory funnel and the whole extracted with approximately 50 ml of ether, retaining the ether layer.  The ether may first be used to rinse the reaction flask.  Further separation of the organic components is accomplished by extraction of the ether layer with an aqueous solution of base3 (10% sodium carbonate, approx. 50 ml), retaining both layers.

CAUTION:  Pressure of CO2, which develops must be released often; shake very gently.

Separate the layers.  

Proceed with the purification of both the ether and aqueous layers.

Wash the ether with a saturated sodium chloride solution.  Separate the layers.  The ether solution now contains only low boiling solvents, some water and the ester.  Add anhydrous magnesium sulfate to the ether solution until dry (free flowing sulfate should be seen) and gravity filter the ether through fluted filter paper to remove the sulfate and any water present.  The ether is then removed by vacuum evaporation.  The residue is transferred to a distilling flask, and the final product is distilled by a low-pressure distillation.

The aqueous layer is acidified, causing the precipitation of solid benzoic acid.  Use concentrated hydrochloric acid, adding slowly with swirling, until no more solid seems to form.  Check for acidity with litmus paper.

CAUTION:  Much frothing occurs and the reaction vessel should be a large beaker.

Collect the benzoic acid by vacuum filtration.  Dry and weigh the recovered benzoic acid.  When a reactant is recovered, the amount recovered is subtracted from the initial amount of benzoic acid used and the theoretical yield of the product, methyl benzoate, is recalculated.

Turn in both ester and acid, with percent yield and percent recovery calculated, respectively.  For the product, methyl benzoate, all physical constants should be reported and an IR spectrum should be run.

NOTES
1.
Liquid substances are obtained by distillation as a final step.  The material is collected over a boiling range of at least five degrees.  With such a high boiling substance the boiling range may start as much as ten degrees below the reported boiling point.

2.
Solid substances are separated from a solvent in which they are only slightly soluble by suction filtration and dried before the weight and melting point are determined.  Water is more difficult to remove from solids filtered from it and the best procedure is to spread it on a watch glass to dry, or leave it in the Buchner funnel, until the next period.  However benzoic acid sublimes easily and should not be left completely uncovered for a long time.

3.
A check for completeness of extraction should be made here; be sure the aqueous layer after extraction is still basic.

4.
In your analysis, comment on why the excess of methanol was used in this synthesis.
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