Esterification, Design of a Procedure
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You will be assigned one of four alcohols: 1-propanol (propyl alcohol), 2-propanol (isopropyl alcohol), 2-methyl-1-propanol (isobutyl alcohol), or 2-butanol (sec-butyl alcohol).  You will then be assigned either acetic acid or propanoic acid.  The corresponding ester products from acetic acid will be propyl acetate, isopropyl acetate, isobutyl acetate, and sec-butyl acetate. The corresponding ester products from propanoic acid will be propyl propanoate, isopropyl propanoate, isobutyl propanoate, and sec-butyl propanoate.

1. Find hazards, m.p., and b.p. of all three compounds in the usual sources

2. This reaction sequence and these reagents must be used for the experiment.

3. Look up potential procedures for the synthesis in 

A. I. Vogel, Vogel's Textbook of Practical Organic Chemistry, Including Qualitative Organic Analysis, 5th Ed., London, Longman Group, 1989. It will be placed on reserve at the library.

4. Look under preparations for aliphatic esters.

5. Choose a preparation for each step on the following basis:


a. The compound cited resembles your in structure and has a similar m.w.


b. The preparation does not require equipment unavailable in the lab.


c. The preparation uses either recrystallization or simple distillation for purification.

6. Adapt the procedure for your ester.


a. Adapt the amounts of each reagent based on 0.1moles of carboxylic acid.


b. Determine the glassware and equipment needed for the reactions.


c. Determine the safety procedures to be followed.

7. Write a procedure similar to those given in the lab manual. It should be typed (single space) and no more than 2 pages.


If the procedure calls for refluxing the reaction mixture, choose two hours for the maximum reflux time.


If the procedure calls for distillation, you should use a simple distillation apparatus instead of any unusual method cited.  (In this case, do not use the rotovap).

8. Turn in procedure to instructor. No alcohol will be provided until the procedure is approved.

9.  Characterize your product by 

Obtaining an IR

Obtaining a GC-MS: 5 mg. in 1 ml. of methanol, 0.4 ((l injection, 261gas method

Obtaining the 1H and 13C NMR: 100 mg. in 1 ml. CDCl3.  Depending on circumstances, obtain what is known as a DEPT spectrum.

DEPT Spectra

13C NMR is a powerful technique for determining structure, but as you have seen in the lecture course, under normal operating parameters, both the nuclear coupling and integration are not obtained.  They can be obtained, but doing so can be inconvenient for different reasons.

Spin coupling would be particularly useful since it could tell us how many H’s are attached to each C.  

H and 13C nuclei can couple in the same manner as two H nuclei.  The same sort of 1st order splitting patterns would result.

A quaternary C would appear as a singlet since it has no H’s attached.

A methine group (CH) would appear as a doublet. (Under a specific set of instrumental parameters.)

A methylene group (CH2) would appear as a triplet.

A methyl group  (CH3) would appear as a quartet.

Setting up the instrument to show this coupling poses no problem.  However, the resulting spectra unfortunately often contain so many peaks with potentially overlapping absorptions that they are difficult to interpret.

A method has been developed to provide this information in a manner that is easy to interpret.

Distortionless Enhancement of Polarization Transfer: DEPT

A description of how this works is beyond the scope of the course.

However, the result can be explained and used.

Consider the following carboxylic acid.
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When a DEPT spectrum is requested, 3 spectra will be provided.  One will be the normal 13C spectrum.

C’s 1, 2, and 3 will appear between 0 and 60 ppm.  C 4 will appear somewhere between 160 and 220 ppm.

A 2nd spectrum will show upward pointing peaks for all methine C’s.  In this case an upward pointing peak would appear only for C 2.

A 3rd spectrum would show upward pointing peaks for methyl and methine C’s (C 1 and C 2) and downward pointing peaks methylenes C’s (C 3). 

By process of elimination one can assign the number of H’s on each C.

