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EXPERIMENT 6 
ESTERIFICATION REACTIONS OF VANILLIN:  THE USE OF NMR  

TO SOLVE A STRUCTURE PROOF PROBLEM 

 
[INTRODUCTION TO LABORATORY TECHNIQUES, 1

ST
 ED., PAVIA, LANDERS, & 

KRITZ, SAUNDERS COLLEGE PUBLISHING, 1998] 
 

 

Reading Assignment: Smith Chapter 21, 22 

  

Pre-lab Question, Week 6: 

 1.  Predict a possible structure for the acid-catalyzed reaction of vanillin and acetic 

anhydride. 

   2.  How would you distinguish product predicted in question 1, from the expected 

esterification product observed in the base-catalyzed reaction using IR 

spectroscopy?  List specific peaks that would distinguish the two products. 

  

 
 

Introduction:  The reaction of vanillin with acetic anhydride in the presence of base, is an 

example of the esterification of a phenol.  The product, which is a white solid, can be 

characterized easily by its IR and NMR spectra. 
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When vanillin is reacted with acetic anhydride in the presence of acid, however, the product that 

is isolated has a different melting point and different spectra.  Your job is to identify the products 

formed in each of these two reactions, and to propose mechanisms that will explain why the 

reaction proceeds differently under acidic and basic conditions. 

 

Procedure:  

 

Preparation of 4-acetoxy-3methoxybenzaldehyde (Vanillyl Acetate):  Dissolve 1.50 g 

vanillin in 25 ml of 10% sodium hydroxide in a 250 ml Erlenmeyer flask.  Add 30 g crushed ice, 

and 4.0 ml of acetic anhydride.  Stopper the flask with a cork and shake it several times over a 20 

minute period.  A cloudy, milky-white precipitate will form immediately upon adding the acetic 

anhydride.  Vacuum filter the precipitate, and wash the solid with three 5-ml portions of ice-cold 

water. 
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Recrystalllize the product by adding, with a pasture pipette, (warm 50% EtOH, 50% water) and 

let it cool slowly, ** Don't heat the product with the solution!  Vacuum filter the crystals, dry, 

and weigh the dried crystals, calculate the percent yield, and determine the melting point 

(literature value: 77-79 °C).  Determine the IR spectrum of the product as a KBr pellet.  

Determine the proton NMR spectrum of the product in CDCl3 solution.  Using the spectral data, 

confirm that the structure of the product is consistent with the predicted result. 

 

Reaction of Vanillin and Acetic Anhydride in the Presence of Acid:  

 

Dissolve 1.50 g of vanillin in 10 ml of acetic anhydride in a 125 ml Erlenmeyer flask.  Place a 

magnetic stir bar in the flask, and add one drop of 4.5 M sulfuric acid to the reaction mixture.  

Stopper the flask, and stir at room temperature for one hour.  During this period, the solution will 

turn purple or purple-orange in color. 

 

At the end of the reaction period, cool the flask in an ice-water bath for 3-4 minutes.  Add a 

mixture of 20 ml cold water and 15 g ice to the flask.  Stopper the flask and shake vigorously.  

Continue to cool and shake the flask to induce crystallization, adding more ice to the flask if 

necessary.  Vacuum filter the product, and wash the solid with 3 5 ml portions of ice-cold water. 

 

Recrystallize the solid from 95% ethanol, Vacuum filter the crystals, dry, and weigh the dried 

crystals, calculate the percent yield, and determine the melting point (literature value = 90-91°C).  

Determine the IR spectrum of the product as a KBr pellet.  Determine the proton NMR spectrum 

of the product in CDCl3 solution.   

 

Report: 

 

Compare the two sets of spectra obtained for the acid and base promoted reactions.  Using the 

spectra, identify the structures of the compound formed in each reaction.  Outline mechanistic 

pathways to account for the formation of both products isolated in the experiment. 

 

 

 

 

 

 

 

 

 

 

 

 


