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5.8: Interconversion- Going Downhill
The potential energy curve linking the carboxyloids can be used as a guide to how these compounds can be interconverted. In
general, it is possible to take a compound that is higher on the ski hill and convert it to a compound that is lower on the ski hill.

 
Figure : The potential energy surface linking carboxloids.

For example, acid chlorides are widely used to make other carboxyloids. By choosing the correct nucleophile, an acid chloride
could be converted to any of the other derivatives. This is really the whole point of an acid chloride; it has no other function other
than to provide an easy way to make other derivatives.
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Acid anhydrides, also high on the potential energy curve, are also used in the same way. They could be used to make any of the
derivatives lower than they are on the ski hill. In turn, acid anhydrides could conceivably be made from acid chlorides. However,
because an acid anhydride plays the same role as an acid chloride -- providing a source with which to make the other derivatives --
we wouldn't normally make an acid anhydride from an acid chloride. We would either make one of the other derivatives directly
from the acid chloride, or else make it from an acid anhydride that was obtained in another way.

Show all of the ways that you could make the following compounds by going down the ski hill. (Show the starting material,
the reagent added and a reaction arrow going to the product.) For help with names, see the appendix.

a. ethyl propanoate
b. butanoic acid
c. N-methylhexanamide
d. thioethyl pentanoate
e. potassium octanoate

Answer
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Converting a carboxylic acid into an amide is complicated by a side reaction, as a result of which amide formation becomes an
uphill process.

a. Show the mechanism for the conversion of butanoic acid into N-ethylbutanamide via the addition of ethylamine.
b. Show the side reaction that would easily occur between these two reactants.
c. Explain why amide formation becomes an uphill process as a result of this reaction.

Answer

Exercise 5.8.2
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Sometimes, two carboxyloids are close enough on the ski hill that it may be possible to convert in either direction between them. In
other words, there is an equilibrium between these two compounds, and the equilibrium constant is close enough to unity (K = 1)
that the equilibrium can be pushed in either direction.

For selected cases, we can choose which direction the equilibrium will go by changing the reaction conditions. To do so, we can
use an important concept of equilibrium: le Chatelier's principle (luh sha-TELL-yay). According to le Chatelier, if conditions in the
reaction cause the reaction to move away from equilibrium, the reaction will shift direction until it is back at equilibrium again. In
other words, if the actual ratio of reactants to products strays from what it ought to be, the correct reaction will occur so that the
ratio returns to normal.

le Chatelier's principle should be partly intuitive. If a reaction is occurring in both reactions, there are really two reactions, one
going in each direction. The ability of these reactions to occur depends partly on the amount of reactants available for the forward
reaction or the reverse reaction. If extra starting materials are added (on the left side of the reaction), there is too much reactant as
defined by the equilibrium constant. The denominator gets bigger and the ratio of products to reactants goes down. However,
because there is extra starting material for the forward reaction, more product is quickly made, until the ratio returns to normal.

The opposite situation applies if too much product is made. From the point of view of the reverse reaction, those products of the
forward reaction are really the reactants needed to go in the opposite direction. The reverse reaction has more material to work
with, and this material can quickly be converted into the stuff on the left hand side of the reaction.

Draw the mechanism for the conversion of:

a. hexyl propanoate to propanoic acid.
b. propanoic acid to hexyl propanoate.

Answer a

Exercise 5.8.3
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Answer b

In the interconversion of carboxyloids, equilibrium can be influenced in different ways. The conversion between esters and
carboxylic acids can be influenced by the solvent used for the reaction. For example, an ester might be converted to a carboxylic
acid under aqueous conditions, but a carboxylic acid might be converted to an ester using the appropriate alcohol as the solvent. In
other words, because water and alcohol can be viewed as reactants in these cases, adding more can shift the reaction to one side.
Solvent is usually present in concentrations many tens or hundreds or thousands of times higher than the reactants and products.
Changing the solvent thus has a big impact on the direction of equilibrium.

Another strategy used to influence the equilibrium involves removal of product. For example, if water is a product of the reaction, a
drying agent can be added to absorb the water. Drying agents include compounds such as MgSO  or zeolites (mixed
aluminosilicates containing Al, Si, O and other metal ions such as Mg , Ca  or Ti ).

4
2+ 2+ 4+
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If a carboxylic acid is a product of a reaction, its concentration can be lowered by converting it to a carboxylate salt; this would
happen easily in the presence of base. In either case, the disappearance of a product of the reaction (or a side product) would draw
the reaction to the right in order to replace those products an re-establish the correct equilibrium ratio.

Show, with curved arrows, how a magnesium ion could remove water from solution.

Answer

Show, with curved arrows, how sodium hydroxide would remove butanoic acid from solution.

Answer

For each of the following reactions: 
 
a. Predict the nucleophile that would be need to make this product. 
b. Based on the location on the hill, would this reaction be thermodynamically favored?

Exercise 5.8.4

Exercise 5.8.5
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Answer

Fill in the missing intermediates and add curved arrows to show electron movement.
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https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189949?pdf


5.8.8 https://chem.libretexts.org/@go/page/189949

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189949?pdf


5.8.9 https://chem.libretexts.org/@go/page/189949

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189949?pdf


5.8.10 https://chem.libretexts.org/@go/page/189949

 
Answer

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189949?pdf


5.8.11 https://chem.libretexts.org/@go/page/189949

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189949?pdf


5.8.12 https://chem.libretexts.org/@go/page/189949

This page titled 5.8: Interconversion- Going Downhill is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by
Chris Schaller via source content that was edited to the style and standards of the LibreTexts platform.

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189949?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_Structure_and_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_(Schaller)/III%3A_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_1/05%3A_Substitution_at_Carboxyloids/5.08%3A_Interconversion-_Going_Downhill
https://creativecommons.org/licenses/by-nc/3.0
https://www.csbsju.edu/chemistry/faculty/chris-schaller
https://employees.csbsju.edu/cschaller/practical.htm

